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Abstract: Wadi Al Kuf Catchment Area WKCA is one of the largest watershed basins on Al 

Jabal al Akhdar Cyrenaica anticlinorium, the area is more than 960Km2, and considers as a 

semi-wet basin. This basin highly affected with lineaments geological features just like mor-

phometric and tectonics types including fissures, fault systems and joints set systems in the 

highly karst lime stones of Al Jabal al Akhdar group lithological formations. These linea-

ments phenomena were measured and extracted from the radar images of digital terrain model 

of 30 meters space grid, and the hyper spectral Landsat 8 of 15 meters pixel resolution, they 

were processed and interpreted by several geospatial geomatics and geological software. The 

direction orientation and the rock density of these fissures, fractures, joints set systems, faults 

and the morphometric dendritic drainage pattern had been measured and illustrated from the 

rose diagram analysis and the geological map. The main stream of this catchment area WKCA 

is the 6th order and mainly parallel to the main trend direction with the first escarpment circu-

lar fault at the major orogeny tectonic fault of Al Jabal al Akhdar uplift, and these lineaments 

features is averaged 58.3o  with the azimuth degree along the main stream. The drainage den-

sity,  lineaments density analysis and distribution of the WKCA have been classified as low 

lineaments rock fractures in the eastern boundary of the basin, moderate lineaments rock fis-

sures in the middle of the basin and high density of rock fracture in the western and northern 

boundary of the basin, these had reflected the deep percolations and infiltrations to the ground 

water bearing aquifer in the WKCA through the secondary and the tertiary porosity of the hy-

drological karst system. 
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INTRODUCTION 

WadiAl Kuf Catchment area (WKCA) is lo-

cated in Cyrenaica north east of Libya, at the 

middle of the northern flank of Al Jabal al 

Akhdar between longitude 22
0
 00’ 24” E, lat-

itude 32
0 

46’ 25” N, and longitude 21
0
 24’ 

03” E and 32
0 

47’ 09”N with elevation 870 m 

to 0 m above main sea level, with total area 

about 959.26 Km
2
 and perimeter 222.26 km 

after (Ammar,2018) Figure. (1), WKCA is 

mainly covered and partially covered with 

the most of 90% of Libyan flora, this vegeta-

tion cover is like the following maquis shrub-

land, Juniperus phoenicea,  Cedrus atlantica 

(cultivated), Pistacia lentiscus, Arbutus 

pavarii, Olea europaea, Myrtus communis, 

Quercus coccifera and some groves of Cu-

pressus sempervirens,(Meith, 1989). but un-

fortunately, in the last two decade this vege-

tation cover had deteriorated and became 

vulnerable and fragile by the human impacts’ 

degradation and the misused activates. 
 

https://doi.org/10.54172/mjsc.v34i3.276
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v34i3.276&amp;domain=pdf&amp;date_stamp=2008-08-14
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The weather distinguished as the Mediterrane-

an climate according to Köppen climate classi-

fication (Lohmann et al., 1993),  the average 

precipitation between 450 and700 mm per year 

(Cheblak& Ammar,2014).WKCA is one of the 

importantprovincesin Al Jabal al Akhdar anti-

clinorium it passed through 17 ruler settlements 

area, villages and cities like southern part of 

Albida, southern part of Shahat city, Fig-

ure.1.Tectonically the WKCA laid between 

shoreline, the first escarpment and end of the 

second escarpment of Al Jabal al Akhdar. This 

part of Al Jabal al Akhdar anticlinorium eco-

nomically unique for the precipitation rain fall, 

runoff ground water recharges, by these kinds 

of studies it could help for sustainable devel-

opment of this part of Al Jabal al Akhdar. This 

study used the geospatial information sciences 

techniques to calculate both the type of the lin-

eaments features morphometric like Wadi seg-

mented and stream orders and the tectonic line-

aments like fissures, faults, joints systems and 

analyze to find the relationship between these 

lineaments’ components and the water move-

ment transport directions. 

 

Geology and Tectonic Activities: WKCA is 

the main important part of Cyrenaica anticlino-

rium sitting between first and second escarp-

ment of the Mediterranean costal promontory . 

The Cyrenaica promontory was formed tecton-

ically and evolved as inversed anticlinorium 

represents a dextral constructional duplex fa-

luts. These areas are bounded by the northern 

flank of Cyrenaica and the southern flank of 

Cyrenaica dextral wrench Fault Systems figure. 

2, (Anketell, 1996) The eastern part of the Cyr-

enaica Fault System, at the boundary between 

the Al Jabal al Akhdar inversion anticlinorium 

and the Cyrenaica Platform, shows one of the 

few places which exhibit evidence of an en 

echelon shearing attributed to a right lateral 

wrenching along the fault. This shear system, 

however, inactive to westward against the main 

body of the Al Jabal al Akhdar inversion struc-

ture. It was noted that the “present-day Wa-

dies” in this area run in a general W-E direction 

parallel to the Cyrenaica Fault System, 

(Anketell, 1996). The other types of fault sys-

tem had other trend orientations This fact found 

during the interpretation of the satellite image 

and the morphometric phenomenon of the 

WKCA. Where is the main trend of the Al Kuf 
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basin is mainly west –East direction parallel to 

the main circular fault the of the first escarp-

ment Figure.2. and the joints systems mainly 

45
0
 to 60

0 
-degree azimuth direction to the main 

 

Fig (2). Main fault zones of the Cyrenaica (ANKETELL 

1996) HUGUEN & MASCLE 2001). 

fault and other fault systems of the WadiAl Kuf 

and its tributaries evolved genesis.   According 

to the geological map of Albyda sheet NI34-15 

(Röhlich, 1974), the WKCA isfully covered 

with tertiary rocks formation of Al Jabal al 

Akhdar group the lithology description with 

main four rock formations started from north-

ern part of the WKCA to the southern part of 

the basin, 

Darnah Formation: (Röhlich, 1974) Eocene 

epoch serious, Lutetian-Priabonian stage age, 

the formation consists of a basal bed of hard, 

massive, fine-grained, creamy grey limestone, 

which contains Nummulites gizhensis, fol-

lowed upward by light grey, medium-grained, 

nummulitic limestones with intercalations of 

dolomitic limestones. The upper part contains 

reefal facies (coralgal and coralline limestones) 

with Nummulites sp., which alternates with 

grey, nummulitic limestones. After (El Hawat 

& Abdulsamad, 2004). This formation appears 

and fully cover of the study area up to the first 

escarpment and can find it also in the wadi’s 

sides, figure. 3. 

Al Bayda Formation: (Röhlich, 1974) Epoch 

serious Oligocene, Lower Oligocene, Rupelian 

stage time. The Algal Limestone member of Al 

Bayda formation (Kleinsmiede & Van Den 

Berg, 1968), It is composed of thick-bedded or 

massive, white and yellowish, fossiliferous, 

medium-grained to microcrystalline, algal cal-

carenites and calcirudites, which get harder 

near the top of the sequence due to the presence 

of corals. Coralline red algae, which are fre-

quent throughout the member, form crusts as 

well as algal rhodoliths, the formation is rich in 

microfossils (e.g. Nummulites intermedium, N. 

vascus, N. cf. fichteli, N. ex. gr. hantkeni, N. 

incrassatus, N. bouillei, Operculinadiscoidea, 

Lepi-docyclina (Eulepidina) ephippioides, mil-

iolids, Gypsinasp., Rotalia sp. and various spe-

cies of ostracods). Additional to these, a high 

percentage of re-deposited Priabonian micro-

fauna is observed. These fossils were possibly 

only transported over a small distance. Coral-

line red algae such as Lithothamnionsp. and 

Archaeolithothamnion maughiniare common 

throughout. Common macrofossils include 

echinoids (e.g. Hemiaster scillae, Echino-

lampus cherichirensis), gastropods, pelecypods 

(e.g. Pectensp., Glycymerissp., Ostreasp.), and 

corals. The fauna indicate deposition in shallow 

neritic condition during the Lower Oligocene. 

This formation and the lithological member 

covered the full part of the second escarpment 

in the study area. 
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Al Abraq Formation: The term was intro-

duced by (Röhlich, 1974):  (Middle to Upper 

Oligocene, Chatian. It consists of partly calcar-

enitic to calcilutitic, partly dolomitic lime-

stones, dolomites, and marls. In the type sec-

tion it starts with basal greenish marls followed 

upward by yellowish, thick-bedded to massive 

calcarenites with Operculinasp. and Hetero-

steginasp. in the upper part. These are inter-

bedded with nummulitic limestones and marls, 

which form several coarsening upward cycles. 

The lithology is also highly variable due to the 

epeirogenic movements during the Oligocene-

Miocene times, attested by major slump struc-

tures and contorted bedding developed W of 

the Wadi Al Kuf bridge. In the Darnah area, 

the uppermost part is characterized by massive, 

cream yellow to rusty cream calcilutites or fi-

ne-grained calcarenites, which contain abun-

dant echinoids. The basal part consists of 

nummulitic marly or clayey siltstones, which 

have dark spots of glauconitic and is intercalat-

ed with algal limestones. The environment of 

deposition is deep neritic to shallow marine 

with brackish influence. Shore environments 

are developed in the S and deeper marine envi-

ronments     

Al Faidiyah Formation: (Pietersz, 1968) low-

er Miocene epoch serious, Burdigalian-

Aquitanian stage time, it consists a basal clay 

and an upper limestone basal conglomerate, 

which consists of reworked lithoclasts and 

shells of gastropods, echinoids, large foramini-

fers, and oysters, as well as debris, and shark 

teeth, some of which derived from older for-

mations. The conglomerate is followed by soft, 

yellow-brown, glauconitic, argillaceous, skele-

tal limestones, marls, and green clays. This 

formation is wide spreading in the south east of 

the WKCA, figure. 3. Regarding to the faults & 

joints sets system and the tectonic activates for 

the main region and to the karst lithological 

formations which reflected of the intensive and 

dominated karst phenomenon activities in the 

region specially in the study area of the  

WKCA that was extremely response formed of 

the drainage patterns tributaries and the Wadi’s 

shape. All of these could be found in this study 

by analyzed of the orientations of liniments 

features, density and the stream flow 

direction.(Ford & Williams, 2007). 

Methodology and Techniques: This study 

used geospatial information sciences in differ-

ent way such as remote sensing techniques in-

cluding image processing of DTM digital ter-

rain modeling of highest-resolution topograph-
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ic data generated from NASA's Shuttle Radar 

Topography Mission (SRTM) in 2000 was to 

be released globally by late 2015 with 30-meter 

grid space, also used Landsat 8 hyper spectral 

bands 15-meter resolution, vector topographic 

maps scale 1:50,000 for Survey Department of 

Libya SDL digitized by Geoplan Company, 

Vector Geological map of Libya for central 

industrial research IRC Albyda Sheet (Röhlich, 

1974)  digitized by Geoplan Co., In this study 

used several software for evaluation, interpreta-

tion and calculation Hydro Arctool 10.6.1, 

ArcGis 10.6.1 for hydrological calculations and 

mapping,  Envi 5.3 image processing by the 

above methods and techniques can interpreta-

tions, Geomatica 2017 for distinguished and 

determined the lineaments types, Rock works 

16 for geological interpretations and to can 

draw Rose diagram analysis. 

Stream Order: The Wadi`s mouth defines as 

valley place in the stream network, which 

suites general cartographic purposes. The na-

ture of stream order is the first step to under-

stand the drainage basin analysis. It is defined 

as a measure of the position of a stream in the 

hierarchy of tributaries. (Ammar, 2018) In the 

area under consideration, there are 11616 

stream segments linked with 6 orders of the 

streams orders. consideration, there are 11616 

stream segments linked with 6 orders of the 

streams orders. 
 

Table (l). Stream Segments, Orders and Length of WadiAl Kuf Catchment Area. 

Stream 

Order 

Stream 

Segment 

Stream 

Length Km 

Lu 

Bifurcation 

Ratio 

Main 

Bifurcation 

Ratio 

Main Stream 

Length (L 

sm) 

Cumulative Mean 

stream length (CL 

sm) 

Stream 

length Ratio 

RL 1 6078 1040.39 0.00 

1.50 

0.17 0.17 0 

2 2529 555.45 2.40 0.22 0.39 1.29 

3 1377 310.91 1.84 0.23 0.62 1.04 

4 820 154.06 1.68 0.19 0.80 0.83 

5 455 95.01 1.80 0.21 1.01 1.11 

6 357 

11616 

74.63 

2230.44 
1.27 0.21 1.22 1.00 

Stream length: is 2230.44 km covering. The 

catchment area   is about 959.26 km
2
. First or-

der tributaries con 

stitute more than 52 % of all segments at a 

stream length of about 1040 km figure. 4.
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Morphometric lineaments parameters of 

WKCA drainage network after (Ammar, 2018) 

From the table 1.and figure.4. had noticed that 

the stream 6th order crossed the WKCA by 

more than 75 Km long trendingorientation is 

mainly WNW to ESE direction as approximate 

direction of the main circular fault of the first 

escapement. 

Basin Shape: is mainly elongated and this 

elongation ration calculated and defined as the 

ratio of a diameter of a circle of the same area 

as the basin to the maximum basin length 

(Schumm, 1956). It is a very significant index 

in the analysis of basin shape that helps to shed 

light on the hydrological character of a drain-

age basin. Re= √A /π / Lb, where A= Area of 

the Basin (Km
2
), Lb=Maximum Basin length 

in km’s. If values are near 1.0, the region is 

typical of low relief (Strahler, 1964). The elon-

gation ratio in the study area was found to be 

0.15 indicating relatively moderate countered 

to high relief of the terrain and rectangular 

elongated shape of the drainage basin, Fig-

ure.1. (Ammar, 2018).

Dendritic Drainage Pattern: A common 

drainage pattern in which the tributaries join 

the gently curving mainstream at acute angles, 

resembling in plain view the branching habit of 

an oak or chestnut tree; it is produced where a 

consequent stream receives several tributaries 

which in turn are fed by smaller tributaries. It 

indicates streams flowing across horizontal 

rock strata and homogenous soil typified by the 

landforms of soft and carbonate sedimentary 

rocks, (Ford & Williams, 2007), This pattern 

effected and formed from the joint set systems 

of the soluble karstified lithology, figure.,4. 

Drainage density (Dd): The density of stream 

network in a basin has long been  recognized as 

a topographic characteristic of fundamental 

significance. It is an expression of the close-

ness or spacing of channels (Horton, 1932). 

The significance of drainage density is recog-

nized as a factor determining the time travel by 

water (Schumm, 1956). The measurement of 

Dd is a useful numerical measure of landscape 

dissection and runoff potential (Chorley, 1969). 

On the one hand, the Dd is a result of interact-

ing factors controlling the surface runoff; on 

the other, it is itself influencing the output of 

water and sediment from the drainage basin 

(Ozdemir & Bird, 2009). Dd is known to vary 
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with climate and vegetation, soil, rock proper-

ties, relief, and landscape evolution processes 

(Oguchi, 1997). The Dd of the Wadi Al Kuf- 

watershed basin is 2.33 km/km2. Fig-

ure.5shows that the drainage density in the 

study area, which is relatively low, clearly in-

dicates that the region has permeable subsoil, 

highly liniments tectonic feature relatively 

moderate vegetation cover, and gentle to medi-

um relief (Ammar, 2018) Drainage density in 

the study area varies between low and high as 

shown in figure.5. Furthermore, the illustration 

shows aggregation around and in the main 

trunk of first and second order streams. 

 

Lineaments: A lineament is an interpreted line 

“one dimensional” drawn in a relation from 

linear to semi-linear terrain forms of any linear 

features in the ground that can be extract out as 

lines or scratches appeared as an evident be-

cause of contrasts in the terrain or the ground 

cover on either side in space and radar image 

visualizations and interpretations,  (Wise, 

1982). It has two types of lineaments morpho-

metric and tectonic, (Gay Jr, 2012). 

Morphometric Lineaments: is the line features 

exposed from physical and chemical weather-

ing of the karstic limestone lithology and from 

the alluvial erosion activities in the study area, 

it can be summarized in the stream orders and 

the drainage pattern shape of the catchment 

area. 

Tectonic Lineaments:  In the characterization 

of WKCA site that may have potential for host-

ing a secondary porosity and fissure fractures 

for karstic bedrock, it is essential to understand 

the existent framework of brittle deformation 

zones in the bedrock occurred by several tec-

tonic orogenic  

activities, (Soden et al., 2014) These zones 

have affected on deep percolation of ground-

water recharge movement in the region. The 

image resolution for the source data is a limited 

in structural interpretation of the land forms. 

This limitation is related to the remote-sensing 

techniques used, and the auxiliary information 

(e.g. geological data, maps and field observa-

tions) that can support the interpretation of the 

main types of faults systems and joint set sys-

tems (Tiren, 2010) From the image interpreta-

tion of the DTM of the SRTM 30 meters grid 

space and the Land sat 8 satellite images hy-
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perspectral bands of the WKCA study area, can 

inventoried and collected the number of geo-

logical lineaments features and their directions 

orientation trends as a set of systemsfigure.6.It 

could map them from the data illustrated, by 

using certain geological software as an earth 

work 16 to can draw the rose diagram orienta-

tion trends and to interpreted the statistical 

analysis data. From the statistical estimated 

data, the total 1928-line geological joints and 

several faults feature the bidirectional type 

used in this rose diagram with class interval 10 

degree, the main orientation of these joints is 

58.2
o
 azimuth and the minor orientation of the 

joint set is 238.18
0
 azimuth, the confidence in-

terval is 7.2
0
, 95% confidence accuracy and the 

stander deviation of the main data is 36.69 as 

showing in the figure.8Geospatial information 

sciences used in this study in different ways 

such as remote sensing techniques including 

image processing of DTM digital terrain mod-

eling of highest-resolution topographic data 

generated from NASA's Shuttle Radar Topog-

raphy Mission (SRTM) and Ladsat8 with 15-

meter pixel size resolution hyperspectral bands.  

From the table (1) and the figure.4 and figure.8 

of the rose diagram analysis could findthe 

dominant stream segments from the order 1 up 

to 5 order are mainly the same angle of the ma-

jor trend angle of the tectonic lineaments trend 

of 58.2
0
 azimuth degree to the 6

th
 order of the 

main stream and with the same geometry angel 

with the first escapement fault. 

 

 

Lineaments Density: Lineaments are structur-

ally controlled linear or curvilinearfeatures, 

which are identified from the satellite imagery 

and Digital Terrain Model DTM by their rela-

tively linear alignments. These features express 

the surface topography of the underlying struc-

tural features. Lineaments represent the zones 

of Faults, fissures, and joint set system result-

ing in increased secondary and tertiary porosity 

and permeability. These factors are geohydro-

logically very important as they arethe path 

ways for groundwater percolation movement  

 

(Cheblak M& Ammar A, 1998). Lineament 

density ofan area can indirectly reveal the 

groundwater potential, since the presence of 

lineaments usually denotes a permeable zone. 

Areas with high lineament density are good for 

groundwater potential zones, (Haridas, 

Aravindan, & Girish, 1998; Ni, Zhang, Liu, 

Yan, & Li, 2016). The lineament density map 

of the study area as shown in Figure.ure 8. Can 

find the highest lineaments density in the west-

ern boundary of the watershed basin and mod-

erated lineaments density in the middle of the 
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study area but the lowest fracture density in the 

eastern part of the WKCA’s boundary. 

 

CONCLUSION 

 The main stream of WKCA is the 6
th

 stream 

order and is mainly parallel to the first escarp-

ment direction ENE- WSW in the main trend 

direction also in the other hand the morphomet-

ric lineaments of the other stream orders seg-

ments with the tectonic lineaments features the 

angle is 58.2
0
NE degree along the main 

stream(the 6
th

 order). The annual total average 

precipitation of the WKCA is approximately 

650 mm, that means about 624 million cubic 

meters, these lineaments feature of faults, fis-

sures and joint set systems helped the deep per-

colation and infiltration in the WKCA to re-

charge the ground water aquifers and the water 

bearing formations of the region during the wa-

ter movement of runoff transports to the sea 

shoreline .From the lineaments density map 

figure.7, found the joint systems and fractures 

lineaments density highly distributed in the 

western part of the study area and the low line-

aments density in the eastern boundary to the 

WKCA which reflected the increasing of  the 

lineaments joint set systems and fractures at the 

west more than the east pattern part of the 

study area,  that leads to more water percola-

tion through the joints fractures ad joints of the 

karst rocks to recharge the groundwater aqui-

fers and water bearing rocks in the west of the 

catchment area more than the eastern side. And 

more flooding flash or runoff to the east rather 

than the western side of the basin. 
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  *عمار بعمار عبد المطم
 ليبيا-الرئيس التنفيذي لشركة جيوبلان لأعمال الهندسة المكانية, شحات 
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كيمووومتر  968حوووو وادي الكووود أحوود أكبوور الأحووواو المائيووة بالجبوول الأة وور, ة موويم بر ووة بمسوواحة تقوودر بحوووال   المستتتخم :
النهووري الجيولوجيووة ماوول ال وواهرة المرفومتريووة المكونووة لوونم  الت ووريد مربوو , هووذح الحوووو متوورار توورايراً مباشووراً بووال واهر الة يووة 

عمو  ال بيةوة  الموثارة بقووةورتبته النهرية, وال اهرة الة ية التكتونية مال مجموعة الفوا ل الة ية وال دوع والانكسارات  الشجيري
انووات هووذح ال وواهرة الة يووة بواسوو ة ال ووورة الكارسووتية لتكوينووات الجبوول الأة وور ال ووةرية.  وود يمكوون  يوواس واسووتةلا  وتجميوو  بي

 15بد وة مكانيوة  Landsat 8و وورة الأ موار الا و ناعية  SRTMمتوراً  30 الردارية مون نمووذا الت واريس الر مو  بفوراي شوبك 
هووذح عولجووت وفسورت بةوودة برمجيووات مكانيوة وجيولوجيووة لتحديوود اتجواح وكاافووة هووذح الانكسوارات والفوا وول فوو  الة يوة  متوراً. السوومات

ال ةور الرئيسة المكونة لمحوو. نجد أن الرتية السادسة لمنهور الرئيسو  لمحووو مووازي لم ودع الودائري المكوون الرئيسو  ل ودع 
تتمو وو  الحوووو والوونم  الشووجيري  و وودوع هووذافوا وول وانكسووارات ان الم وو بة الاانيووة لمحافووة الشوومالية لمجبوول الأة وور, ونجوود 

باتجاح زاوية السمت م  المجرى الرئيس  لحووو الكوود. وكموا نجود أي واً كاافوة هوذح الانكسوارات  وةيفة فو   5883وتتجه بحوال  
كمما اتجهنا غربا ازداد شرق حدود الحوو ومتوس ة الكاافة ف  منت د الحوو وعالية الكاافة غرب الحوو وهذا يةكس عميها 

مةوودل الرشووع الةميووق لميوواح اله ووول الم ووري لشووحن الميوواح الجوفيووة, وكممووا اتجهنووا شوورق الحوووو نجوود أن مةوودل الجريووان السوو ح  
 واحتمالات الغمر والفي ان ف  شرق الحوو أكار من غرب الحوو.
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