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Highlights 

• Sixteen dolines were documented in the Group from Benina (Fluvial plain) and Al-Abyar (lower plateau) in the Upper 
Miocene Ar Rajmah Group (Benghazi Formation and Wadi Al Qattarah Formation). 

• This study is based on morphometric and structural analysis with descriptive illustrations of the concerned dolines. 

• Sixteen dolines were documented in the Group from Benina (Fluvial plain) and Al-Abyar (lower plateau) in the Upper 
Miocene Ar Rajmah Group (Benghazi Formation and Wadi Al Qattarah Formation). 

• This study is based on morphometric and structural analysis with descriptive illustrations of the concerned 
dolines 

 

A R T I C L E   I N F O  A B S T R A C T 

Article history: 

Received 09 May 2026 
Revised 15 June 2026 
Accepted 18 June 2026 
 

Karst features are widespread, yet many remain insufficiently documented despite their scientific 
and environmental importance. The present study focuses on the area between Al-Abyar and Benina 
villages in Cyrenaica, where large-scale dolines have developed within the Upper Miocene Wadi Al 
Qattarah Formation. Field surveys and morphometric analyses revealed sixteen representative doli-
nes distributed across two geomorphic levels: the coastal fluvial plain and the first plateau of Al Jabal 
al Akhdar. These dolines vary in size, morphology, and genesis, ranging from solutional depressions 
to collapse and alluvial dolines. Their formation is interpreted in relation to tectonic evolution, 
groundwater circulation, surface runoff dynamics, and lithological variability. The study highlights 
how structural discontinuities and lithological heterogeneity have controlled doline development, 
while human activities such as agriculture, groundwater extraction, and infrastructure expansion 
have contributed to their enlargement and reactivation. This anthropogenic influence increases the 
hazard potential of dolines, posing risks to land use and settlement stability. By integrating petro-
graphic analysis, GIS mapping, and morphometric characterization, the research provides new in-
sights into karst evolution in Cyrenaica and establishes a baseline for future comparative studies 
with other doline fields in Al Jabal al Akhdar. Ultimately, the findings emphasize the need for conser-
vation strategies to protect these natural karst systems, not only for their geomorphological and hy-
drogeological significance but also for their potential value in geotourism and sustainable regional 
development. 

Keywords: 

Collapse doline, Geomorphological features, 
Morphometric analysis, Wadi Al Qattarah, Cyr-
enaica. 

* Address of correspondence: 

Email address: alfaitouri2@yahoo.com 

Mohamed S. Alfaitouri 

1. Introduction 

Dolines, also referred to as sinkholes, are among the most dis-
tinctive geomorphological features of karst terrains. They repre-
sent closed depressions formed through a combination of litholog-
ical dissolution, hydrological processes, and structural controls 
within carbonate environments (Busetti, 2024). Globally, dolines 
have been studied for their geomorphological significance, hydro-
geological implications, and associated hazards, particularly in re-
gions where karstification plays a dominant role in shaping the 
landscape (De Waele and Gutie rrez, 2022; Goudie, 2024). Their oc-
currence is not only a matter of scientific interest but also of prac-
tical concern, as dolines can pose risks to infrastructure, agricul-
ture, and groundwater resources. In karst regions, dolines vary 
widely in size, morphology, and genesis. They may develop through 
solutional processes, collapse of cave roofs, suffusion of unconsoli-
dated sediments, or a combination of these mechanisms. The clas-
sification of dolines has therefore been the subject of considerable 
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debate, with researchers emphasizing the need to integrate geo-
morphic, structural, and lithological criteria (Veress, 2022).  While 
dolines are common features in many Mediterranean karst land-
scapes, their distribution and characteristics often reflect localized 
geological and climatic conditions. Understanding these variations 
is critical for reconstructing karst evolution and assessing environ-
mental hazards (Zerga, 2024). In Northeast Libya, particularly 
within the Al Jabal al Akhdar region, dolines have been documented 
in several localities. Dolines are karst phenomena that are of inter-
est to specialists because they are considered an important element 
in geotourism. They are considered attractive geosites with scien-
tific and educational values and require conservation and protec-
tion from human interference, such as waste disposal sites.  Previ-
ous studies have highlighted doline fields in Msus (Faraj et al., 
2016), Qasr Libya (El Amawy et al., 2010), and Ayn Zayanah (Sal-
loum et al., 2022), demonstrating the widespread development of 
karst features in Cyrenaica. However, despite this growing body of 
research, the dolines situated between Al-Abyar and Benina remain 
poorly described in the scientific literature. This lack of systematic 
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documentation represents a notable gap in regional karst studies, 
especially given the geomorphological diversity and environmental 
importance of the area. The present study seeks to address this gap 
by providing comprehensive documentation and analysis of dolines 
developed within the Upper Miocene Wadi Al Qattarah Formation. 
By examining their spatial distribution, morphometric properties, 
and geological context, the research aims to clarify how lithological 
variability and structural discontinuities have influenced their gen-
esis. At the same time, the study evaluates the geomorphological 
significance of these features and considers their potential environ-
mental hazards, particularly in relation to human activities such as 
agriculture, groundwater extraction, and infrastructure develop-

ment. Through the integration of field surveys, petrographic analy-
sis, and GIS-based morphometric mapping, this work contributes 
new insights into karst development in Northeast Libya. Beyond its 
academic value, the study underscores the importance of conserv-
ing these natural features, which hold both scientific and touristic 
potential, and highlights their relevance to sustainable land-use 
planning and hazard management. 

1.1. Location of the study area: 

The study area is located in the northeastern part of Libya 
(Fig. 1). The geographical positions of the documented dolines are 
indicated in Table (1). 

 
Fig. 1. Topographic map, with two cross sections (Profile 1 and Profile 2), showing the dolines (in red), altitudes, and their location. 

 
Table 1  

List of the sixteen dolines and their geographical position. 

Name Latitude Longitude 

R1 32° 6'16.85"N 20°19'12.21"E 

R2 32° 5'28.67"N 20°23'13.18"E 

R3 32° 5'41.16"N 20°24'17.28"E 

R4 32° 2'38.74"N 20°22'59.34"E 

R5 32° 6'23.92"N 20°25'11.11"E 

R6 32° 6'22.92"N 20°25'18.09"E 

R7 32° 7'22.30"N 20°25'29.82"E 

R8 32° 8'56.51"N 20°24'43.13"E 

R9 32° 8'49.47"N 20°22'43.40"E 

R10 32° 8'49.61"N 20°22'42.55"E 

R11 32° 8'53.65"N 20°22'40.98"E 

Alwaer 32° 3'0.92"N 20°24'27.82"E 

Asahel 32° 3'21.58"N 20°24'33.17"E 

Alhendi 32° 4'14.99"N 20°25'30.32"E 

Qasil 32° 5'25.12"N 20°19'22.71"E 

North Qasil 32° 5'46.27"N 20°19'46.39"E 
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1.2. Geological setting 

Ar Rajmah Group is divided into two formations, Benghazi For-
mation (Middle Miocene) and the Wadi Al Qattarah Formation (Up-
per Miocene) (Fig. 2). This division is based on the differences in 
lithology and faunal content (Klen, 1974; Ro hlich, 1974; El-Hawat 
and Abdulsamad, 2004). In the western region of Al Jabal al Akhdar, 
the Ar Rajmah Group represents the final cycle of sedimentation 
during the Miocene.  Benghazi Formation consists of massive lime-
stones, white fossiliferous "mainly red algae" with Echinoides and 

Pecten, becoming dolomitic in certain levels, with sporadic dark-
grey marl and calcareous clay in some places. The Wadi Al Qattarah 
Formation represents the upper rock unit of the Ar Rajmah Group. 
It is made up of olitic limestone, white, soft to medium hard, porous, 
and gypsiferous at the upper part. Gigantic Gypsum crystals were 
deposited unconformably on the Tortonian oolitic deposits during 
the Messinian crisis of the Mediterranean Basin (For more details, 
see El Hawat 1980, El Hawat and Salem 1987, El Hawat and Abdul-
samad, 2004, and Faraj et al., 2016). The documented dolines are 
developed in these formations of the Ar Rajmah Group (Fig. 2). 

 

Fig. 2. Stratigraphic chart of the exposed rock units in Benghazi city and its vicinity (after Faraj et al., 2016). 

 
Structurally, the Al Jabal al Akhdar area is heavily influenced by 

the Plio-Pleistocene tectonic framework (folding and faulting). Re-
gional high tensile and shear stresses in carbonate sedimentary 
rocks drive extensive and diversified karstic features, including 
sinkholes ranging from small-scale solution cavities to massive col-
lapse dolines (Abd El-Wahed and Kamh, 2013). 

2. Methodology 

To achieve the goal of this study in determining the morphomet-
ric analysis of dolines, the karst landforms and the geological struc-
tural elements are studied. The data collected during the several 
field surveys include rock samples, photographs, and dimension 
measurements of the dolines. The laboratory work includes the 
petrographic thin-section preparation. The Geographic Infor-
mation System (GIS) mapping was used to determine the spatial 
data and to produce the necessary maps in this paper. Google Earth 
imagery and a geological map of Benghazi (Klen, 1974) are also 
used.  Dimensions of the concerned dolines and structural data 
have been measured and tabulated for mapping purposes. A total 
of 16 dolines were measured, 14 of which are located on the first 
plateau in the Ar Rajmah region, whilst the remaining 2 are at the 
fluvial “coastal” plain in the Benina region. In order to understand 

the relationship between the structural data and morphometrics, 
the obtained results have been analyzed and plotted on maps and 
cross-sections along the two semi-parallel doline alignments. The 
joint network is the main pathway for water to flow and dissolve 
rock, forming dolines, particularly at the intersection of two or 
more joint systems. The spatial distribution of the aligned doline 
pattern is heavily influenced by this network. The major structural 
trend of the fractures in the study area follows a major trend of 
NE35⁰E and E-W; these trends are in harmony or differ from the 
previously studied doline relationship, such as Faraj et al (2016), 
who documented two faults’ trends in the area of Msus-Soluq area, 
which are major strike-slip faults with major trends WNW-ESE and 
N-S and minor trends E-W, ENE-WSW, and NE-SW. Salloum et al. 
(2022) elsewhere documented two major trends in the coastal re-
gion of Benghazi Plain, as NW-SE and N-S sinistral.  

The Aspect tool identifies the direction that a downhill slope 
faces. In the output raster, the value of each cell represents the com-
pass direction that the surface faces at a given location. Aspect is 
measured clockwise in degrees from 0° (due north) to 360° (return-
ing to due north), completing a full circle. Flat areas with no 
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downslope direction are assigned a value of -1. Differential weath-
ering and erosion of various rock types have resulted in significant 
relief variations (Rawat and Tripathi, 2015). 

2.  Statistical analysis  

To illustrate the relationship between the maximum and mini-
mum dimensions of dolines, a linear regression model has been 
used. The slope and the intercept of the graph are measured. The 
slope of the graph corresponds to the term outside the square 
brackets (Fig. 3). 

The plot of max-to-min ratios. The straight line separates max–
min ratios above and below the model max. Most of the dolines are 

located within the regression limit. (The data were collected in the 
field). Number of collapsed dolines (vertical axis) and the orienta-
tion of the long doline axis in degrees of azimuth (horizontal axis). 

3. Description of the dolines: 

Dolines are classified by Sauro (2003) according to several pa-
rameters, including size, geometrical shape, lithology, tectonics, 
and their origins (Fig. 4 a-d). All criteria are used to determine the 
karst doline types, where the main types are classified as: 1) Nor-
mal dolines, or “accelerated corrosion” dolines; 2) Collapse dolines; 
3) Subsidence dolines; 4) Cover dolines; 5) Intersection dolines; 6) 
Anthropogenic dolines. 

 

 
 

Fig. 3. presents the relationship and analytical results concerning predictions and residuals associated with max and min in the dolines. 

 

Fig. 4. Sketch diagrams illustrate the identified types of dolines in the study area (modified after Sauro, 2003).  
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Dolines are natural closed depressions developed by the action 
of a subsurface groundwater system. The dissolution process of the 
underlying rocks created the solutional dolines. However, the col-
lapse of the underlying caves within bedrock is responsible for 
forming the collapse doline. Dolines are of various types, as intro-
duced by Kochanow (1999), Kranjc (2006), and Goudie (2024), 
based on their size and shape. The only four types of Sauro's dolines 
reported in this study are: 

i) Intersection dolines: They are created due to the intersection of 
empty or filled caves by the topographical surface, and they de-
velop as a result of the weathering and hydrological processes 
(Fig. 4a). 

ii) Collapse dolines: They are depressions formed by the dissolu-
tion of the underlying rocks and later collapse. This is com-
pletely different from the cave roof in terms of type and size, 
and originates (Fig. 4b). 

iii)  Alluvial "Cover" dolines: They are created when unconsoli-
dated clastic material fills solution cavities that formed in a sol-
uble rock underneath them (Fig. 4c). 

iv)  Solution Dolines: They form by dissolution or corrosion of the 
bedrock by the action of atmospheric water and groundwater 
(Fig. 4d). 

The documented dolines in this study are categorized into 6 solu-
tional dolines, 5 collapsed dolines, 2 alluvial dolines, and 3 combi-
nation Collapse/Suffusion dolines. The measured dolines range in 
shape from bowl to funnel, with an opening outline either semicir-
cular or elliptical, rarely irregular. The diameter of the dolines 
ranges from 13 m to 771 m, whereas the depth varies from 1 to 27 
m, with the deepest being the collapsed dolines. 

3.1. Dolines R1, R3 and R8 

These are solution dolines with maximum diameters varying 
between 140 meters and 34 meters and depths varying between 1 
and 7 meters; the width-to-depth ratio varies between 0.03 and 
0.05, indicating a bowl profile with gently to moderately inclined 
sides (Fig. 5).  

3.2. Dolines R2 and R7 

These are alluvial dolines with semi-circular openings and a 
(0.02 to 0.03) width-to-depth ratio, which gives them a bowl-like 
profile with gently inclined peripheries.  The base and the sides are 
covered with a thick layer of soil (Fig. 6). 

 

Fig. 5. Google satellite images of R1, R3, and R8 

 

 

Fig. 6. Google satellite images of R2 and R7 

3.3. Dolines R4, R5, R6, R9, R10 and R11 

These are small, dimensionally collapsed dolines; however, the 
irregularly shaped R9, R10, and R11 are believed to be either Col-
lapse/Suffusion types, all with a diameter range varying between 4 
and 14 meters and a depth of approximately 1 meter. The width-to-
depth ratio varies from 0.07 to 0.14, which is indicative of the bowl 
outline. The opening of these dolines is irregular, with gentle to 
steeply sloping sides (Fig. 7). 

3.4 Alwaer Doline 

It is a solution doline located on the plateau of the first escarp-
ment.  

The doline’s opening is semi-circular with gently to moderately 
inclined sides.  The width-to-depth ratio is 0.05, indicating a bowl-
shaped cross-section (Fig. 8). 

3.5 Asahel Doline 

This is possibly a collapsed doline located on the first escarp-
ment.  The doline has a semi-circular opening.  The sides have a 
slightly steep profile in the top part and a moderately inclined slope 
in the lower part.  The floor of the doline is almost flat.  Two tribu-
taries feed the doline from the northern part (Fig. 9).
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Fig. 7. Google satellite images of R4, R5, R6, R9, R10, and R11 

 

 

Fig. 8. Google satellite images and General view of Alwaer Doline 

 

 

Fig. 9. Google satellite images and General view of Asahel Doline 
 

 



Al Faitouri et al./Libyan Journal of Science & Technology 16:1 (2026) 293-303 

299 

3.6 Alhendi Doline 

This is a collapse doline located on the plateau of the first es-
carpment on the NE side of the NE running tributary.  The doline 
has a semi-circular opening with slightly steep sides and bowl pro-
files (Fig. 10).  

These dolines contain small caves, partly modified, and these 
caves are located on the steep sides of the dolines, with deep exits 
in the bottoms, as seen in Alhendi Doline. 

 

3.7 Qasil Doline 
This collapsed doline is located in the alluvial plain that borders 

the first escarpment. It has a funnel profile with a semi-circular 
opening and steep slope sides (Fig. 11). 

3.8 North Qasil Doline 

This solution doline is located in the alluvial plain that borders 
the first escarpment. It has a bowl profile with a semi-circular open-
ing and moderate to gentle slope sides (Fig. 12). 

 

 

 

Fig. 10. Google satellite images and General view of Alhendi Doline 

 

Fig. 11. Google satellite image and General view of Qasil Doline 

 

Fig. 12. Google satellite images and General view of North Qasil Doline 

4. Results  

The constructed rose diagrams (Figs. 13, 14) at both elevations, 
the lower in the Benghazi fluvial plain, which had been developed 
within the Benghazi Formation, and the upper in the Wadi Al Qat-

tarah Formation at the first plateau of Al Jabal al Akhdar. They rep-
resent the bearing of dolines' long axes (N30⁰W and N20⁰E) in re-
lation to the orientation of faults and associated joints (NW–SE and 
NNE-SSW), confirming that both are analogous in orientation (Figs. 
13,14,15, 16). 
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Fig. 13. Stereonet plotting a) poles and b) contour diagrams of joints. Equal area projections (lower hemisphere) 
showing fault slip data in the Ar Rajmah Group of the study area.  

 

Fig. 14. The map illustrates the slope degrees, where the highest coincide with the escarpment and along 
wadi walls. The rest of the map shows more or less low to moderate slope gradients. (Note: the two joint rose 
diagrams of the fluvial plain (Left) and the first plateau (right) are also embedded herein.  

 

Fig. 15. The joint system in the fluvial plain, Benina area, where the Qisal dolines are located. 
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Fig. 16. The map illustrates the slope direction, with the majority trending toward W, NW, and SW. 

The genesis of the Alhendi doline is a typical example of a sub-
merged stream. However, the three dolines located in the western 
part of the study area on the fluvial plain are classified as solutional 
dolines, as in R1 and North Qasil; however, the collapse doline is 
represented by the Qasil doline. They are small-scale depressions 
developed in the lower plateaus. Furthermore, it is unclear if the 
initial form was a solution doline or a polygenetic form, such as a 
heavily altered collapse doline (Fig. 4). However, the development 
of dolines, which were detected by the joint intersections, such as 
Asahel and Qasil dolines, indicates a structural origin. However, the 
Alwaer, R2, and R7 are believed to be solutional dolines. The re-
ported dolines are located at an altitude range from 120 to 140 m, 
and are about 50 m in diameter, reaching a depth of 30-50 m. Rock 
walls provide proof of collapse, in which the northern slopes are 
gentle, while the southern slopes are very steep. These large de-
pressions vary in terrain, with some characterized by steep, rocky 

slopes, while others feature caves or shafts on their floors. The 
forms and features that characterize these dolines are not typical of 
normal solution dolines. Regarding the lithological and petrograph-
ical characteristics, the karstification of the Wadi Al Qattarah For-
mation has been considered significant in the development of karst 
landforms (Muftah et al., 2010; Abdulsamad et al., 2010). Doline 
karst in Wadi Al Qattarah Formation, as described from Asahel Do-
line, is characterized by chalky peloidal packstone microfacies with 
some pelloids, rare ooids, ostracodes, and euhedral dolomite crys-
tals, with the presence of dolosparite cement in the lower part (Fig. 
17a). The oolitic grainstone microfacies with common ooids (Fig. 
17b), and sparite cement in the middle part, however, the fossilifer-
ous dolostone microfacies with common euhedral dolomite crys-
tals and dolosparite cement in the upper part (Fig. 17c). 

 

Fig. 17. a) Peloidal packstone microfacies, with some peloids, rare ooids, ostracodes, rare euhedral dolomite crystals, and some dolo-
sparite cement. b) Oolitic grainstone microfacies shows common ooids, and c) Fossiliferous dolostone microfacies shows euhedral 
dolomite crystals and dolosparite cement (All PPL and X40). 

The morphometric analysis of the karst landforms shows differ-
ent values of all parameters, whether considering (Bowl or funnel) 
or semi-circle or elliptical (Figs. 14, 16, and Table (2)). The opening 
shape shows different values of the mean major axis / minor axis 
ratio (a/b), indicating a higher width in the former. The parameter 
elongation is defined as the ratio of the equivalent circular diameter 

to the major axis depth. The total number of bowls is 14, based on 
width and depth. On the other hand, we have only two shapes of a 
funnel. Another morphometric shape that we can see in our area is 
a semicircle or an elliptical shape. Accordingly, in terms of percent-
age, solution represents 31.25% of the total area, collapse and small 
collapse are 56.25%, and alluvial is only 12.5%.  It indicates that the 
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most doline types are collapsing. The presence of steep scarps, 
deep, narrow valleys, springs, and straight stream courses suggests 
that the area remains in a youthful stage of the geomorphic cycle. A 
Digital Elevation Model (DEM) was used to delineate slope aspects 
within the study area. The slope aspects were classified as follows: 
north-facing (22.5°–67.5°), northeast-facing (67.5°–112.5°), east-

facing (112.5°–157.5°), southeast-facing (157.5°–202.5°), south-
facing (202.5°–247.5°), southwest-facing (247.5°–292.5°), west-
facing (292.5°–337.5°), and northwest-facing (337.5°–360°). In 
general, the study area is structurally controlled by two dominant 
directions: northeast and northwest (Figs. 13, 14). 

 

Table 2  

Morphometric characteristics of Dolines in the study area 

Name 
Width (m) Area Perimeter Depth Elevation 

max. 
width/depth 

Profile max/min Opening 
shape 

Type 
Max.  Min  m2 m m m Ratio  width 

R1 34 26 671 93 1 183 0.03 

Bowl 

1.31 Semi circu-
lar 

Solution 
R2 98 68 4,900 264 2 279 0.02 1.44 Alluvial 
R3 18 12 184 52 1 270 0.06 1.50 Elliptical Solution 
R4 14 13.5 137 47 1 282 0.07 1.04 

Semi circu-
lar 

Small Collapse R5 12 11 92 42.5 1 247 0.08 1.09 
R6 4 3.5 13 13 1 246 0.25 Funnel 1.14 
R7 95 93.5 7,000 299 2 271 0.02 

Bowl 

1.02 Alluvial 

R8 140 121 
12,95
0 

412 7 292 
0.05 1.16 

Solution 

R9 7 4 21 20 1 278 0.14 1.75 
Irregular 

Small Col-
lapse/Suffusion 

R10 9.5 5 32 23 1 278 0.11 1.90 
R11 9 3 19 21 1 273 0.11 3.00 

Alwaer 198 169 
26,80
0 

588 9 248 
0.05 1.17 

Semi circu-
lar 

Solution 

Asahel 229 219 
45,90
0 

771 20 264 
0.09 1.05 

Collapse 

Alhendi 94 86 5,486 270 8 241 0.09 1.09 Collapse 
Qasil 54 38 1,973 16 27 198 0.50 Funnel 1.42 Collapse 

N. Qasil 84 74 4,933 256 4 227 0.05 Bowl 1.14 Solution 

 
5.  Discussion 

The morphometric analysis revealed that dolines in the Al-
Abyar–Benina area occur predominantly on two geomorphic levels: 
the coastal fluvial plain and the first plateau of Al Jabal al Akhdar. 
The majority exhibit bowl-shaped profiles, with diameters ranging 
from small depressions of less than 20 m to large features exceed-
ing 200 m. Funnel-shaped dolines are less common, but their pres-
ence indicates localized collapse processes. Statistically, collapse 
dolines represent the dominant type (56.25%), followed by solu-
tional dolines (31.25%) and alluvial dolines (12.5%). This distribu-
tion underscores the strong influence of structural discontinuities 
and lithological variability on doline genesis. Petrographic analysis 
of the Wadi Al Qattarah Formation demonstrates a vertical succes-
sion of microfacies—from peloidal packstone at the base, through 
oolitic grainstone in the middle, to fossiliferous dolostone at the 
top. These facies, coupled with the presence of fractures and joints, 
provided pathways for dissolution and collapse. For example, the 
Asahel and Qasil dolines show clear structural control, forming at 
the intersection of joint systems. In contrast, dolines such as Alwaer 
and North Qasil are primarily solutional, reflecting prolonged 
chemical weathering of carbonate rocks. Human activity has fur-
ther influenced doline dynamics. Agricultural practices, groundwa-
ter extraction, and infrastructure development have reactivated or 
enlarged certain depressions, increasing their hazard potential. 
This anthropogenic impact highlights the need for integrating karst 
risk assessment into regional land-use planning. Overall, the doli-
nes of Al-Abyar–Benina illustrate the polygenetic nature of karst 
development, where lithological composition, structural fabric, hy-
drological processes, and human intervention interact to shape the 
landscape. Fluvial processes play a significant role in modifying do-
line morphology in the study area. It increases erosion of the doline 
sides and floor, leading to its enlargement. Deposits entering doli-
nes may alter their shape or partially fill them. Ultimately, it can af-
fect doline hydrology, promoting further dissolution or collapse 
(Fisher et al., 2025). In addition, sediment dynamics during flood-
ing accelerate the doline evolution. Fluvial sediments can partially 
fill dolines during floods, reducing their depth and promoting soil 

formation. However, this clogs swallets, causing ponding or over-
flow that widens dolines through sapping erosion. Moreover, runoff 
enhances water infiltration, intensifying chemical dissolution and 
potentially triggering collapses in response to groundwater level 
fluctuations (Siska et al., 2016). The findings not only fill a regional 
knowledge gap but also emphasize the broader significance of karst 
geomorphology in arid Mediterranean environments. Conservation 
of these features is crucial to the protection of natural heritage and 
promoting sustainable geotourism in Northeast Libya. These find-
ings emphasize the importance of integrating doline hazard assess-
ment into regional land-use and infrastructure planning. At the 
same time, recognizing the geotourism potential of these karst fea-
tures offers opportunities for sustainable development through ed-
ucational trails, geopark initiatives, and community-based tourism 
programs. 

6. Conclusions 

The studied karst dolines in the area between Al-Abyar and Be-
nina are aligned into two sectors approximately 4km apart. All do-
lines are developed within the upper Miocene “Tortonian” Wadi Al 
Qattarah Formation. The joint network is the main pathway for wa-
ter to flow and dissolve rock, forming dolines, particularly at the in-
tersection of two or more joint systems. The spatial distribution of 
the aligned doline pattern is heavily influenced by this network. The 
longest axes of the documented dolines are trending in N30⁰W and 
N20⁰E in relation to the orientation of faults with associated joints 
NW–SE and NNE-SSW, confirming that both are analogous in orien-
tation. The morphometric analysis of the studied dolines shows 
that density values are concentrated in the eastern part of the 
mapped area on the lower plateau, whereas few dolines are in the 
fluvial plain. The maximum width over depth defines the shape of 
the doline profile as a Bowl or funnel. However, the maximum width 
over the minimum width defines the overall shape of the doline, 
semi-circular to elliptical, and rarely irregular. To maintain the re-
gion's tourism, it is critical that the municipal office supports the 
infrastructural requirements and preserves these geotouristic 
karst features. 
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