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Abstract 

A great buried paleo-river in SE Libya have been discovered by various approaches of remote 

sensing and GIS techniques. The buried river was running through the Kufrah basin and 

drained eastern part of Libya externally to the Mediterranean Sea via Sahabi Valley and lately 

has changed to be drained internally into the inland delta of the Al-Jaghbub depression. In the 

current study a DEM with 30m spatial resolution is used to delineate and morphometrically 

analyse the network streams of the Kufrah paleo-river. The results show that the study area is 

a flat area with low relief topography, low moisture content and high evaporation rate. The 

drainage pattern of the Kufrah paleo-river is a dendritic pattern with the 7th order of streams. 

The network streams over a permeable sub-surface material, high infiltration capacity with 

very coarse texture, and low run-off. The Kufrah river can be described as an “Old age” river, 
and it’s highly eroded and dissected drainage basin.  

Keywords: remote sensing, GIS techniques, morphometric analysis, Kufrah paleo-river, 

hypsometric curve. 
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Introduction. 

Recently, many studies have been published about a controversial thought, which is a 

preserved, buried river under a massive sheet of sand in the SE of Libya,  (Ghoneim et al., 

2012). It is believed that this river was running from the south specifically from the Chad 

mega lake across the Sahara to the Mediterranean Sea to the north (Coulthard et al., 2013; 

Paillou et al., 2012; Ghoneim et al., 2012). This river was recharged by rainfall during wet 

phases in Pliocene and Pleistocene time, (De Menocal et al., 2000). The existence of 

freshwater fauna that found in the Sahabi's paleochannel besides to the width and depth of the 

Sahabi Canyon are strongly confirmed that the paleo-river was drained to the Mediterranean 

Sea via Sahabi paleochannel, (Boaz, 1987). Furthermore, as consequences of a tectonic event 

that had occurred lately in the area, the river drainage had been affected to be drained 

internally into the inland delta of the Al-Jaghbub depression, (Hecht, 1987; Boaz, 1987). 
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However, remote sensing and GIS applications are considered as a successful approach for 

hydrologic network delineation, and morphometric analysis of network stream. Moreover, 

remote sensing and GIS techniques have proofed their abilities in penetrating the ground 

surface and distinguishing the buried features such as channel system, drainage network 

system (e.g., Roth and Elachi, 1975; McCauley et al., 1982; El-Baz et al., 2000; Robinson et 

al., 2006; Ghoneim et al., 2007; Paillou et al., 2009).  

Objective of the study  

The main objective of the current study is a morphometry studying and basin delineation of 

the Kufrah Paleo-river utilizing GIS applications with conventional widespread mathematical 

equations. 

A hypsometric curve was also produced to characterize the distribution of heights across the 

river's catchment region in order to speculate on the development stage of the Kufrah basin 

drainage network. 

Location of the study area 

The study area is located in the Kufrah basin south-eastern part of Libya and cover area 

174591.18  km2. It is bordered by Egypt to the east, Sudan and Chad to the south, high Tibesti 

Volcanic Province to the west and from the north by the Al-Jaghbub depression and 

Mediterranean Sea (Fig, 1).  

  

 

 

 

 

 

 

 

 

 

 

 

Figure (1). Shows the location map of the study area, SE Libya. 
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Data and methodology 

The accuracy of the generated drainage networks is influenced by the DEM precision. The 

main used data is a Digital Elevation Model (DEM) over the study area that was taken from 

Shuttle Radar Topography Mission (SRTM), Open-source data at (https://srtm.csi.cgiar.org/); 

with a spatial resolution equal to 30 meters, which achieved excellent results. Errors such as 

sinks and peaks were eliminated from the DEM after it was created to eliminate drainage 

network discontinuities.  In addition, a geological map of Kufrah basin from Industrial 

Research Centre with 1:250,000 scale is used. The morphometric analysis, hydrology 

drainage network and basin delineation have been obtained from DEM by using ArcGIS 

hydrology tools (10.5), besides to a manually mathematical analysis by using equations as 

shown in the Table, (1).  
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Table (1). List of the morphometric parameters and the formulas used in Kufrah Paleo-river analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The geology of the area 

The interested river is located within Kufrah basin, which is an intracratonic sag basin that 

located in the SE of Libya (Lu¨ning et al., 1999; Hallett, 2002). The basin flanks are bordered 

by highs that made up of the basement, where a succession of Proterozoic and Palaeozoic 

MORPHOMETRIC 

PARAMETERS 

FORMULA REFERNCE 

Basin length (Lb) GIS Software Schumm 

(1956) 

Basin perimeter (P) GIS Software Schumm 

(1956) 

Basin area (A) GIS Software Schumm 

(1956) 

Mean Basin width (Wb) Wb = A / Lb; where A area of 

watershed; Lb basin length.  

Horton (1932) 

Drainage density (Dd) Dd = Lu / A; where Lu total length of 

streams; A area of watershed 

Horton (1932) 

Drainage intensity (Di) Di = Fs / Dd; where Fs Stream 

frequency; Dd Drainage density 

Faniran 

(1968) 

Drainage texture (Dt) Dt =Nu / P; where Nu total number of 

streams; P  Basin perimeter. 

Horton (1945) 

Stream frequency (Sf) Sf = Nu / A; where Nu total number of 

streams; A area of watershed 

Horton (1932) 

Texture ratio (Rt) Rt = ΣN1/P, where N1 the total 

number of streams of 1st order, P 

perimeter of watershed. 

Schumm 

(1956) 

Form factor (Rf) Rf = A/(L)2; Where A area of 

watershed; L basin length. 

Horton (1932) 

Circularity ratio (Rc) Rc = 4πA/P 2; π=3.14, A area of 

watershed, P perimeter of watershed. 

Miller (1953) 

Elongation ratio (Re) Re = 2√(A/π)/L; where π = 3.14, A 

area of watershed, L length of 

watershed. 

Schumm 

(1956) 

length of overland flow (Lof) Lof = 1/2Dd; Dd Drainage density Horton (1945) 

Infiltration number (In) In=Dd * Sf; Sf Stream frequency, Dd 

Drainage density. 

Faniran 

(1968) 

Constant channel 

maintenance (Ccm) 

Ccm = 1 / Dd; where Dd Drainage 

density 

Schumm 

(1956) 
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strata crop out, Tibesti Massif in the west, Jebel Uweinat in the east, the Ennedi and Borkou 

in the south, and Jebel Dalma in the north (Fig, 2) (Lu¨ning et al., 1999; Hallett, 2002). 

The Kufrah basin is generally filled with Palaeozoic and Mesozoic sedimentary strata. 

Fluvial, shallow marine sandstones, and shales are the most characterization of the deposition 

in Cambrian-Ordovician time. The strata of Triassic to Early Cretaceous made of continental 

sandstones (Nubian Sandstone) that rest uncomfortably over Palaeozoic rocks. The Mesozoic 

sediments overlain by fluvial deposits of Messinian to Pliocene and Quaternary aeolian 

deposits, (Fig, 2), (Bellini and Massa, 1980; Bellini et al., 1991; Lu¨ ning et al., 1999; Gindre, 

et al., 2012.) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2). The geological map of the Kufrah basin. 

 

Results and discussion 

The results of morphometric analysis of the Kufrah paleo-river are listed in tables (2 & 3) 

respectively and they are under major heads of slope, areal and relief aspects.  
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Table (2). The results of morphometric parameters analysis of the Kufrah Paleo-river. 

 

 

 

 

 

 

 

 

MORPHOMETRIC 

PARAMETERS 

FORMULA RESULTS REFERNCE 

Basin length (Lb) GIS Software 733 km Schumm 

(1956) 

Basin perimeter (P) GIS Software 3332.044 Km Schumm 

(1956) 

Basin area (A) GIS Software 174591.18 Km2 Schumm 

(1956) 

Mean Basin width (Wb) Wb = A / Lb; where A area of 

watershed; Lb basin length.  

238.18 Horton (1932) 

Drainage density (Dd) Dd = Lu / A; where Lu total length of 

streams; A area of watershed 

0.18 Km2 Horton (1932) 

Drainage intensity (Di) Di = Fs / Dd; where Fs Stream 

frequency; Dd Drainage density 

0.14 Faniran 

(1968) 

Drainage texture (Dt) Dt =Nu / P; where Nu total number of 

streams; P  Basin perimeter. 

1.28 Horton (1945) 

Stream frequency (Sf) Sf = Nu / A; where Nu total number of 

streams; A area of watershed 

0.0243 Km2 Horton (1932) 

Texture ratio (Rt) Rt = ΣN1/P, where N1 the total number 

of streams of 1st order, P perimeter of 

watershed. 

0.004 Schumm 

(1956) 

Form factor (Rf) Rf = A/(L)2; Where A area of 

watershed; L basin length. 

0.32 Horton (1932) 

Circularity ratio (Rc) Rc = 4πA/P 2; π=3.14, A area of 

watershed, P perimeter of watershed. 

0.197 Miller (1953) 

Elongation ratio (Re) Re = 2√(A/π)/L; where π = 3.14, A 

area of watershed, L length of 

watershed. 

0.0209 Schumm 

(1956) 

length of overland flow (Lof) Lof = 1/2Dd; Dd Drainage density 2.8 mature stage Horton (1945) 

Infiltration number (In) In=Dd * Sf; Sf Stream frequency, Dd 

Drainage density. 

0.0044 Faniran 

(1968) 

Constant channel 

maintenance (Ccm) 

Ccm = 1 / Dd; where Dd Drainage 

density 

5.5 Schumm 

(1956) 
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Table (3). List of the relief parameters and the formulas used in Kufrah Paleo-river analysis. 

 

 

1. Slope, aspect, and relative relief parameters 

The slope parameter deems to be one of the most significant parameters for morphometric 

analysis, whereas the rain water that making a network of the river basin will be run-off 

under the effecting of slope elements, (Villela, & Mattos, 1975). The slope degree map, 

elevation map and the relative relief map have shown the study area as a flat area with low 

relief topography which making the runoff slow (Fig, 3). As a result, the water will get more 

time to penetrating into sub-surface and then the ground water will be highly recharged.  

However, the highest slope in the study area is only noticed on the far east, where the Jebel 

Uweinat and Jabal Arkenu are located. 

The paleo-river starts from an elevation 1887m in the south and terminated in the inland delta 

at Al-Jaghbub depression in the north with 239m. It has a dendritic drainage pattern, which 

demonstrates homogeneity and uniformity in the soil type and rocks.  

 

 

 

RELIEF PARAMETERS FORMULA RESULTS REFERENCE 

Maximum Elevation in the 

Area (hMax) 

_ 1887m _ 

Minimum Elevation in the 

Area (hMin) 

_ 239m _ 

Mean Elevation _ 527m _ 

Basin Relief (H) H = hMax - hMin 1648m Schumm (1956) 

Relief Ratio (Rf) Rf = H/L; where H basin relief; L length 

of basin. 

2.25 Schumm (1956) 

Ruggedness Index (Rn). Rn = H* Dd; where H basin relief, Dd 

drainage density. 

0.29 high 

erosion 

Melton (1957) 

Dissection Index (DI) DI = H/ hMax; where H basin relief, hMax   

maximum elevation in the area. 

0.873 Schumm (1956) 
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Figure (3). Illustrates the elevation map (a); and the slope map of the Kufrah basin(b). 

 

Aspect generally refers to the direction of slope terrain to which it faces. The slope aspect can 

make very significant influences on the pattern of precipitation, distribution of vegetation and 

biodiversity in the study area (Zamot & Afkareen, 2020; Khakhlari & Nandy, 2016). The 

compass direction of the aspect was derived from the output raster data value. The aspect 

map of Kufrah basin is mainly dominated by flat to very gentle aspect slope (Fig, 4).  

The hillshade map is highlighted the structural effect of Jebel Awaynat and Jabal Arkenu on 

the eastern flank of the basin, while the rest of the region is not (Fig, 4). 
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Figure (4). Shows the aspect map(a); and the hillshade map of the Kufrah basin (b). 

 

2. Aerial morphometric aspect 

The aerial aspects consist of morphometric parameters such as drainage density (Dd), 

Drainage Texture (T), Texture Ratio (Rt), Infiltration number (In), Form factor (Rf), stream 

frequency (Fs), elongation ratio (Re), circulatory ratio (Rc), and length of overland flow 

(Lof). These aspects of a drainage basin illustrate the effect of the climatic conditions, 

geological structure and the lithology of the basin (Resmi et al., 2019). Kufrah paleo-river is 

believed to be developed over unconsolidated rocks and thereby the number and order of its 

streams is high with the 7th order of streams (Fig, 5).  

Drainage density (Dd) 

Drainage density (Dd) was first introduced by Horton (1932) as an important indicator of the 

linear scale of the landform element in stream eroded topography. He defined Drainage 

density as the ratio of the total length of the stream in a given drainage basin and the area of 

that drainage basin. Moreover, high and low Drainage density values are gained due to 

different factors such as the sub-surface material, relief, surface runoff, infiltration capacity, 

flood volumes and vegetation density. The drainage density of the study river is 0.18 Km2 

indicates high permeable subsurface and coarse drainage, (Fig, 5). 

 

 

a b 
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Figure (5). Shows the stream orders (a); and the drainage density of the Kufrah Paleo-river (b). 

Drainage Texture (T) 

Drainage texture in the present study shows the value of Kufrah paleo-river with 1.28 which 

indicates a texture pattern to be a coarse drainage texture. 

Texture Ratio (Rt) 

The study area has very low texture ratio with 0.004, indicates permeable sub-surface 

materials, low relief conditions, and high infiltration capacity with very coarse drainage 

texture. 

Infiltration number (In) 

The infiltration number of the basin is 0.0044 indicating high infiltration materials and low 

surface run-off. 

Form factor (Rf) 

The value of the form factor of the Kufrah paleo-river basin is 0.32 which depicts that the 

basin form belongs to slightly elongated shape, and it is the indication of low peak flow of the 

basin. 

Stream frequency (Fs) 

The high value of stream frequency indicating more surface runoff and vice versa. In the 

present study the stream frequency value of the paleo-river is low which indicates more 

ground water potential. 

 

 

b a 
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Elongation ratio (Re) 

The elongation value of the paleo-river is 0.0209. The low value indicates that the basin has 

low relief with moderate to high infiltration capacity and low runoff. 

Circularity ratio (Rc) 

A circular basin is more efficient in runoff discharge than an elongated basin. Circularity 

ratio is 0.197 indicates less elongated basin with low relief, high infiltration capacity.  

length of overland flow (Lof) 

The length of the overland flow of the study river is 2.8, the value is slightly high, indicates 

the basin is consists of low relief and slope, and the river is in the mature stage. 

 

3. Relief aspects. 

The relief aspects include Dissection index (Di), Ruggedness Index (RI), and Relief Ratio 

(Rf). These aspects are calculated and presented in Table (2).  

Dissection index 

According to Singh (2000), the Dissection index is an important morphometric indicator of 

nature and magnitude of dissection of terrain or vertical erosion. Dissection index (DI) is 

expressing the ratio of the maximum relative relief to a maximum absolute relief. The DI 

value is between zero, which indicates complete absence of dissection or vertical erosion, and 

one that reveals vertical cliff. Generally, the areas with high DI indicate high relative relief 

where the slope of the land is steep and unstable that results in enhanced erosion. On the 

contrary, low DI corresponds with low relative relief, and with the subdued relief or old stage 

where the land is flat and more stable (Deen, 1982). The DI of the study area is 0.873 which 

indicates the basin is a moderately to highly dissected, (Fig, 6). 

Ruggedness Index (RI). 

The ruggedness number of the basin is 0.29 indicates higher soil erosion susceptibility, (Fig, 

6). 

Relief Ratio (Rf) 

The relief ratio (Rh) of maximum relief to horizontal distance along the longest dimension of 

the basin parallel to the principal drainage line is termed as a relief ratio (Schumm, 1956). 

The relief ratio of the river basin is 2.25 that indicating this basin is composed of non-

resistant rocks, and the basin is under low relief and gentle slope.  
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Figure (6). Displays the dissection index map (a); and the ruggedness index map of the Kufrah basin 

(b).  

4. Bifurcation ratio 

The bifurcation ratio (Rb) can be defined as a ratio of the number of stream branches of given 

order to the number of branches of next higher order, (Gupta. et al;2018). From the 

bifurcation analysis, it can define the drainage integration, geological and the lithological 

development of the drainage basin from the irregularities of bifurcation ratio, and the 

structural disturbances on the drainage pattern, (Strahler, 1964). The bifurcation ratio of the 

Kufrah paleo-river is given in Table (4), where the Bifurcation ratio is (1.8) reveals that the 

area does not structurally control with flat terrains. 

Table (4). Shows the Bifurcation ratios (Rb) of streams order of the Kufrah Paleo-river. 

Rb = Nu/Nu + 1, where Nu = Total number of stream segments of 

order; Nu + 1 = Number of segments of next higher order 

 

Bifurcation ratios (Rb) 

1st /2nd 2.09 

2nd/ 3rd 1.7 

3rd/4th 2.8 

4th/5th 1.9 

5th/6th
 0.8 

6th/7th
 1.8 

a b 
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5. Valley stage 

The hypsometric curve of a catchment represents the relative area below (or above) a given 

altitude (Strahler, 1952). The shape of the hypsometric curve provides valuable information 

on the erosional stage of the basin, and also on the tectonic factors controlling it, (Talampas, 

2015). To speculate the stage of development of the drainage network, a hypsometric curve 

for the Kufrah basin was created by plotting the proportion of total basin height against the 

proportion of total basin area (Fig, 7; Table 5). The resulted curve shows a more S-shaped 

feature and displays a concave upward feature at higher elevation and concave downwards at 

lower elevations. In addition, calculating the hypsometric integral (HI), which is known as 

the region under the hypsometric curve, is a simple way to explain the shape of the 

hypsometric curve for a given drainage basin (Sarp., et al.; 2011). The hypsometric integral 

values are ranges between 0 and 1, where low hypsometric integral values indicate old and 

more eroded areas and dissected drainage basins, while the high values indicate that young 

and less eroded areas. 

The Hypsometric Integral values of a drainage basin can determine by using formula as; 𝑀𝑒𝑎𝑛 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 − 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 ÷ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 − 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 

The HI value of the Kufrah basin is with 0.17 that indicates old age and highly eroded 

drainage basin. 

Table (5) Estimation of development stages using hypsometric curve statistics. 

 

 

 

 

stage Area 

percentage 

Area sum Height(m

) 

Area(km
2
) Altitude 

range (m) 

 0% 0 0 0 0-200 

old 0% 0 200 33861 200-450 

old 5.43% 33861 450 57709 450-550 

old 14.68% 91570 550 57860 550-650 

old 23.96% 149430 650 24796 650-850 

mature 27.94% 174226 850 361 850-1900 

mature 27.99% 174587 1900 174587 sum 



14 

 

Figure (7). Shows a hypsometric curve for the Kufrah paleo-river. 

 

Conclusion 

The present study has used GIS applications and remote sensing techniques for morphometric 

analysis of the Kufrah Paleo-river. These techniques have demonstrated their ability to 

penetrate the ground surface and identify the morphometry of the buried river. Therefore, 

these tools were significantly used in this study for identifying, discovering and mapping the 

Kufrah Paleo-river in Libya. 

All the morphometric parameters that analysed yielded positive results. The used tools have 

revealed that the Kufrah Paleo-river was running from the south to the north and drained 

internally into the inland delta of the Al-Jaghbub depression. The Kufrah paleo-river has a 

very coarse drainage texture with high infiltration capacity. Also, the sub-surface material is 

highly permeable that leads to low surface runoff. Furthermore, the basin is composed of 

non-resistant rocks, and thus higher soil erosion susceptibility. The water basin is a 

moderately to highly dissected with low structural effects. Finally, the Kufrah paleo-river is 

an “Old age” river. 
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