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WADIS EVOLUTION  IN THE NORTHERN PART OF THE 

GEBEL AL AKHDAR  - NORTH-EASTERN LIBYA 

    

Dr. ABED M.T.HASAN 

Department of Geography / Faculty of Arts / Sirte University 

hasanzalla@yahoo.co.uk 

Abstract :  
The evolution of the Mediterranean valleys is still ambiguous and 

those studies which have been carried out do not covered all time 

periods. This study was completed in an effort to clarify and expand 

upon the existing literature dealing with the evolution of the 

Mediterranean valleys generally and more specifically that of the Gebel 

Al Akhdar area, north-eastern Libya. Thus, an exploration of the 

evolution stages of the Gebel valleys was undertaken with the main aim 

of extending the understanding of these stages though a reconstruction of  

the evolution of the Gebel Al Akhdar valleys. Two research techniques 

were used to gain a better understanding of the Gebel valleys responses 

to climate changes. This study concludes that evolution of the Gebel Al 

Akhdar valleys has undergone different stages, throughout which 

different geomorphic processes have acted. One of the distinctive stages 

was the valley filling era. It is probable that this era occured many times 

previously throughout the long history of the Gebel valleys, but the 

evidence, in the form of slope and sediments, has probably been eroded. 

To achieve the aim of studying the evolution of the valleys in the 

region, the study will attempt to answer the following questions: 

What are the possible impacts of the most recent Pleistocene-

Holocene climatic changes on the valley drainage subsystems, and how 

were these impacts transmitted through the fluvial system to affect the 

depositional forms? 

How can differences in the characteristics of gravel deposits aid in 

understanding past climatic and hydrological regimes and do sediment 

size and sorting point to different modes of environmental change? 

keywords: WADIS EVOLUTION, NORTHERN PART OF GABEL 

AL AKHDAR.
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introduction 

 It is known that the climate, sea level and vegetation have 

changed many times during the Pleistocene. Consequently, since 

geomorphic processes around the globe must have been affected 

by such changes it follows that an understanding of changes in 

climate, sea level and vegetation is fundamental to the 

geomorphologic evolution of any area. In the case of the Gebel the 

geomorphological processes are responsive to climate and sea 

level fluctuations in the temperate zone (north of the 

Mediterranean) and climate changes and lake level fluctuations in 

the Sahara (south of the Mediterranean) and in the near-east which 

affect the palaeoenvironment in the Mediterranean basin. On the 

basis past climate changes, sea level fluctuations and vegetation 

changes must all be reflected in the Gebel Al Akhdar and, 

therefore, form a major part of its valleys evolution. 

Climate change and sea level fluctuations affect 

environmental and fluvial processes in an area in many ways. 

Relative sea level changes are matched by the climo-vegetational 

changes in the Quaternary, and were themselves partially caused 

by climatic factors (Goudie, 1983). During the Pleistocene the 

world experienced a series of remarkably rapid fluctuations of sea 

level, from a maximum of about 180 - 250m higher than that of 

today, to a minimum of about 150m lower. These oscillations 

produced a series of stratigraphical successions, which are very 

obvious in some places (Butzer, 1964). On the other hand, wide 

coastal plains were exposed by the low sea level of the final glacial 

period of the Pleistocene when a layer of water more than 150m 

thick was removed from the world's oceans, during what was the 

last glacial maximum (Nakada and Lambeck, 1988 and 

Shackleton, 1977). 

The aim of this paper is to explore the record of changes in the 

fluvial environment of the Gebel Al Akhdar, Libya, identifying 

changes in the hydrological regime and climate in the late 

Pleistocene and Holocene, and assessing the possible role of 

Pleistocene/Holocene climatic changes on regional 

geomorpological systems.Three such valleys were considered here 

for detailed study. 
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There are three different ideas regarding the filling deposits of 

the Gebel Al Akhdar. The first idea was proposed by McBurney 

and Hey (1955). When they examined the younger gravel, they 

pointed out that these gravel are widespread and are generally 

unconsolidated, but in some places are cemented in the form of 

extremely hard conglomerate by calcite cement. They suggest that 

the cause might be that the valleys suddenly became unable to 

carry the material that delivered to them because the water-supply 

decreased, or the delivery of the material increased, or because 

both changes occurred at the same time. They concluded that the 

origin of these deposits was an overloading of the wadis with rock 

debris as a result of frost-shattering, and that they denote a time 

when the climate was colder than today. Butzer (1958) criticised 

McBurney and Hey's (1955) idea about the origin of the Gebel Al 

Akhdar valley fill deposits, and pointed out that the origin of these 

deposits seems to be a regular accumulation deposits of semi-arid 

areas resulted from greater rainfall, or relative subsidence. She 

suggest an alternative hypothesis, that well-rounded gravels 

indicate greater discharges, and that the source of material was the 

more intense erosion and increased sediment transport capability, 

associated with the higher runoff. 

Vita-Finzi (1971) concluded that the alluvial history of 

Cyrenaica and Tripolitania coincided with the other parts of the 

Mediterranean, as characterised by two major phases of 

aggradation. The first, associated with middle Palaeolithic 

industries, while the second, dating from the middle ages.  

Butzer (1963) explained how the concept of frequent large 

rainy periods could be supported by the existance of alternating 

moist and dry interglacial periods and pluvial and dry glacial 

periods.As a result, separate warm and humid phases have 

recognised. Butzer and Hansen (1965) discussed the pleistocene 

evolution of the Nile valley in southern Egypt. They concluded 

that the pleistocene evolution of the Nile was characterised by 

denudation and dissection during the lower and middle 

pleistocene.  
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The research area 

The study area is in the north-east of Libya, bounded in the 

west by the city of Susah, in the east by Ras Kersa, to the north by 

the Mediterranean and to the south by the cities of El-Qubbah, 

Lamlouda and Al Abrag. It extends along the length of the main 

route between the cities of Dernah and El Bayda (Figure 1). The 

area lies between 21  59' and 22  12' East and between 32  45' 

and 32  58' North. It has abundant  natural resources, such as 

water resources and vegetation cover, which support a wide 

variety of wildlife  in the area. 

 GEOLOGICAL SETTING 

The geology of the study area is similar to elsewhere in the 

Gebel Al Akhdar, with surface rocks ranging between the upper 

Cretaceous and the Quaternary. Most of these deposits are 

limestones, which were deposited at the southern margin of the 

Tethys Sea in the form of sedimentation cycles, separated by 

unconformity surfaces. 

Figure 1.1 The location of the Gabal Al Akhdar area within north-eastern 

Libya The inset locates the study area. 
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The upper Cretaceous deposits in the area are represented by 

only two formations, as mentioned by Barr and Hammuda (1971), 

which are the Al Hilal formation (Cretaceous) and the Al Athrun 

formation (upper Cretaceous). The Tertiary formations which 

cover the area range between the Pliocene and the lower Miocene 

and are represented by:- 

 

1- Apollonia Formation                     Lower to middle Eocene    

The lower boundary exposed in the Marsa Al Hilal area, is 

unconformable with the upper Cretaceous, Al Athrun formation, 

while the upper boundary is gradually conformable with the 

Dernah formation. The complete thickness of this formation is not 

exposed at any location. The thickness is more than 250m in the 

Tukrah-Tulmithah area. This increases to around 380m in 

southeast Al Athrun, and to more than 300m to the south of 

Dernah. 

2- Dernah formation                      Middle and upper Eocene  

The thickness of the formation in the Dernah area is about 

140m, in the Al Bayda area, 27m and more than 245m in the 

Benghzi area. The lower boundary is conformable, with a gradual 

and transitional form. The underlying Apollonia formation 

interfingers in places, while the upper boundary is unconformable 

with the Upper Cretaceous bed which lies over it. The Dernah 

formation terminates the Eocene cycle and is gradually overlain by 

the Al Bayda formation or the Al Abrag formation (Oligocene) or 

the Miocene Ar Rajmah formation. The formation contains  

abundant fossils, such as benthonic foraminifera with the 

Nummulites, which sometimes form a dominant constituent of the 

rock. The formation also contains Macrofauna, Nummulites and 

Orbitoids, Nautiloids, Pelecypods and Echinoids. 

3- Al Bayda Formation                         Lower Oligocene      

This formation corresponds to a separate cycle of 

sedimentation, which is separated both from its overlying and 

underlying beds by disconformities  (Rohlich,1974).  This 

formation is composed of two members: the algal limestone, and 

the Shahhat Marl. 



WADIS EVOLUTION  IN THE NORTHERN PART OF THE GEBEL AL AKHDAR-  NORTH-EASTERN LIBYA 

 

 
 

407 

The two formations are distinguishable in some places.The 

lower Shahhat Marl outcrops between the villages of Bayyadah 

and Lamludah, while the upper algal limestone developed in the 

north-western slope of the Gebel Al Akhdar. 

The maximum thickness of the Al Bayda formation is 70m in 

the north of Marawah. The formation is characterised by an 

abundance of microfossils, Nummulites intermedium, N.Vascus 

and operculina discoidea schulwager.  

4- Al Abrag formation                     Middle to upper Oligocene             

The formation is approximately 36m thick (Rohlich,1974) and 

consists of limestone (partly calcarenite to calcilutite), dolomitic 

limestone, dolomite and marl (Banerjee,1980). The Al Abrag 

formation contains some microfossils, such as Nummulites Ficheli 

Michelotti, N. Vascus Joly and Leymerie, G. amplia perture Bolli, 

and some macrofossils such as echinoids, Echinolampus 

cherichirensis Gauthier, pelecypods, pectens, chlamys subdiscors 

d'Archiac. 

5- Al Faidiyah formation      Upper Oligocene to lower Miocene 

The Al Faidiyah formation derives its name from the village 

of Al Fidiyah 16km south of Shahhat. Pietersz (1968), defined the 

age of this formation as lower to middle Miocene, while 

Kleinsmeide and Van Den Berg (1968), attribute this formation to 

the upper Oligocene "Al Kuf formation". Rohlich (1974), Klen 

(1974), and Zert (1974) used the same name, "Al Faidiyah 

formation ". 

Banerjee (1980, p. 21) stated that "...the Al  Faidiyah 

formation contains common Pectens, Oysters, Echinoids, Algae, 

Corals, Foraminifers  etc. The faunal assemlages indicate an age of 

upper Oligocene to lower Miocene and a typical shelf environment 

with local brakish elements".  

Materials and Methods 

In the light of the multiplicity and recent developments in 

interpretation and reconstruction of palaeoenvironment 

reconstruction methods, methods and approach for this study has 

been designed to depend on two methods. The Geomorphological 

method which has been used to distinguish channels, terraces,  and 
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the analysis of the valley cross-section in order to trace any 

changes caused by lateral erosion, aggradation, and avulsion of 

channels. The longitudinal profiles were examined in order to 

evaluate the influence of eustatic and tectonic factors in the fluvial 

history. Sedimentological method were used to distinguish various 

facies units, the granulometric characteristics of the facial units, 

the occurrance of fill of different ages, and the recognition of the 

method of deposition, might help in assisting in the reconstruction 

of many parameters of the past environment of the Gebel. 

The gravelometer was used for grain size measurements at 

each site. The measurements were based on a random selection of 

particles, and a sample was taken for grains less than 2 for 

measurements in the field. Length, width and breadth 

measurements for cobbles and boulders were taken.  

The major criteria used for classifying a layer as fluvial, 

colluvial or generated by landslides are the physical characteristic 

of the sediments such as particle size and shape, sorting, sediment 

fabrics, facies extent vertically and laterally etc. As the aim of this 

study is to deduce the depositional processes and environments, 

the facies within the succession were identified. The facies were 

identified from lithology, texture and geometry. It is clear that the 

facies were produced by several processes operating in a 

depositional environment. Some of the facies were repeated many 

times in a sequence and they changed vertically and laterally into 

other facies through changes in their characteristics. After 

recognizing the facies in the field, they were referred to only in the 

descriptive sense. 

Three valleys were selected: Al Athrun, Murgus and El Rejel. 

The second step involved surveying these valleys in detail and 

identifying their geomorphological features. A geomorphological 

survey was carried out in order to support mapping. At each site, , 

a gravelometer was used for grain size measurements in the field, 

grains less than 2 were collected for measurement in the 

laboratory. 
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Table 1:  Morphometric data for the studied basins 

wadi Al Athrun Murgus El Rejel 

Area (km) 29.5 26 25 

Channel number 197 234 94 

Total channel length km 91 102.4 94 

Drainage density 3 4 2.3 

Basin relief (m) 560 600 600 

Relief ratio 0.06 0.6 0.06 

Channel slope 0.03 0.03 0.03 

Channel frequency 6.6 9 3.6 

Stream order 5 5 4 

This Table is done by my self. 

Channel gradient and the longitudinal profile 

Table (1) shows that the overall channel gradient is broadly 

similar in the three valleys, reflecting the similarity of the 

geomorphic processes in these valleys. On the other hand, the 

longitudinal profiles for the three valleys also display some 

differences, which might reflect some factors that have affected 

the evolution of these profiles. 

The wadi Al Athrun longitudinal profile, is the most regular. It 

is known that most perennial rivers have longitudinal profiles 

which are concave upward (Knighton, 1984). This is not the case 

for ephemeral streams and these valleys broadly correspond to this 

fact. However, the longitudinal profile of wadi Al Athrun is a little 

more concave than the other two (Figure2) indicating perhaps that 

its ephemeral regime is closer to that of a perennial stream than 

either wadi Murgus or wadi El Rejel. 

It might be hypothesised that some of the irregularities in the 

longitudinal profiles might be evidence of past sea level changes 

or climatic events. Attempts have been made to estimate former 

sea levels changes from irregularities in river long profiles (Jones, 

1924; and Begin et al, 1981). However, convexities might also be 

produced by factors other than headward recession following a fall 

in base-level. In these valleys, two main knick points or 

convexities have developed which coincide with the two main 

benches in the Gebel, suggesting a structural origin for these 

features. It is well known that both the degree of concavity and 

average gradients vary within and between rivers as a result of 
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geological and hydrological effects. The degree of concavity in the 

three valleys is different, although the geological and hydrological 

factors in these valleys are similar, which might suggest that these 

valleys have been subjected to forms of unstable structural 

conditions some time ago.  

The longitudinal profile for wadi Murgus shows some 

irregularity with slope breaks at the top and the bottom of the 

profile (Figure2). These evident breaks in slope are not terraces, 

but probably occurred as a result of tectonic activity. The most 

interesting case is that of wadi El Rejel, where it is obvious that 

there are two breaks in slope are almost at the same elevations as 

those in wadi Murgus (Figure2). 

At wadi Al Athrun the slope change is evident at the upstream 

only, but downstream the profile show some regularity. If these 

slope breaks have a tectonic origin, then the tectonic activity 

(which probably occurred after the valleys had been formed, as the 

knick points form a steep break some times) must have been 

stronger at wadi Murgus and El Rejel. Generally, it is most likely 

that these knick points have a structural origin, as the loctions of 

these knick points at down stream and up stream are almost 

coincident with the first and second escarpment locations along the 

longitudinal profile. 

Valley cross-section 

The cross-sectional form of channels is characteristically 

irregular in outline and locally variable (Knighton, 1984). The 

average width of the channel bed is between 4-10m, and the 

average width of the channel is between 280-480m. Wadi Al 

Athrun and Wadi Murgus cross-sections reveal a break in the 

slope, which could be interpreted as being related to sea level 

changes, with a fall in sea level due to channel incision to the 

present level. Wadi El Rejel is more regular, but with a huge 

difference between valley cross-section upstream and downstream. 

The cross-section for upstream is  much smaller than at Al Athrun 

and Murgus. The slopes of these valleys seem to be sufficient to 

have generated slope processes which operated on these slopes and 

moulded them (Figure3). 
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Figure 2: Longitudinal Profiles of (top) Al Athrun, (middle) Murgus and 

(bottom) El Rejel. 
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Figure 3: Valley cross-section: (A) uper wadi El Rejel; (B) lower wadi El 

Rejel; (C) upper wadi Murgus; (D) lower wadi Murgus; (E) uper wadi Al 

Athrun and; (G) lower wadi Al Athrun. 
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Facies analysis and grain size analysis 

Some of the best known methods for the reconstruction of past 

changes of the fluvial environment are sedimentological methods 

which depend on distinguishing the various facies of fluvial 

deposits (Allen, 1977; Church, 1978). The granulometric 

characteristics of different facies, the occurrence of fills of 

different age, and the rate of deposition are very important factors 

in the reconstruction of many parameters of the past environment 

(Starkel, 1983). 

The concept of cyclicity through considerable vertical 

thicknesses was first proposed by Allen (1964) and has been 

widely adopted. Allen (1965) also related sediment characteristics 

(geometrical, textural, structural and biological) to the 

geomorphological conditions and hydraulic geometry of streams 

and the flow conditions in these streams. Geomorphologists and 

hydrologists then began to use sediment characteristics and fluvial 

facies to reconstruct palaeochannel morphology and flow 

characteristics. In recent years Allen (1983) has promoted 

architectural analysis, of the geometry of deposits and the 

reconstruction of the original depositional form based on the 

addition evidence of  the lateral profile. 

The response of the wadis of the Gebel to climate change 

during the Quaternary has probably been extremely complex. This 

complexity of response may have occurred as a result of the action 

of extrinsic and intrinsic thresholds (Schumm et al, 1984). It is 

generally believed that climate is the most important factor that 

affects the hydrological response in an area, because changes in 

rainfall and potential evapotranspiration control soil moisture and 

vegetation growth. Along the southern coast of the Mediterranean, 

the Nile drainage basin has been studied extensively and it 

provides an examples of the effect of hydrological change.  The 

basin was probably very arid during much of the time between 

25,000BP and 12,500BP (Dawson, 1992; Butzer,1980). After 

studying environmental changes in the Nile in Egypt and Lower 

Nubia, he concluded that the climate was hyperarid between 

25,000 and 18,000BP despite the occurrence of flood silts from the 

Ethiopian Highlands which are an indicator of some seasonal 

flooding. During the period between 18,000 and 17,500BP, arid 
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conditions with some ephemeral runoff resulted in considerable 

fluvial dissection and led to the invasion of floodplains by dune 

fields (Dawson, 1992). 

There is no doubt that the climatic fluctuations which occurred 

in the Nile basin, west Africa (Rossignol-Strick and Duzer, 1980), 

and in the Sahara (Rongon, 1987)  must have also affected the 

Gebel Al Akhdar area of north eastern Libya. It is seems likely that 

these climatic fluctuations would have affected the fluvial system 

in the area, profoundly.  

Precise measurements and analysis of sediment particle size 

and form should provide  very accurate information about the past 

geomorphic processes operating at the site, and the conditions of 

sediment transport and deposition. Generally, the grain size 

distribution reflects the influence of three factors: the mechanical 

constitution; weathering of the material and transportational and 

depositional processes acted on the weathering products.  

Magnitude and frequency of erosional events 

During the last two decades, relationships between sediment 

yield and climatic conditions have been investigated by many 

researchers, particularly as a means of discerning the influence of 

climate change on sediment yield. This defines the context for 

such studies, which is of great relevance to palaeohydrological 

reconstruction, and has been described by Langbein and Schumm 

(1958). The maximum sediment yield occurs at an annual effective 

precipitation of approximately 300mm. Above this level, 

vegetation growth increases surface protection. Below this level, 

runoff is insufficient to cause serious fluvial erosion. Langbein and 

Schumm (1958, p. 1076) state that, "It is suggested that the effect 

of a climatic change on sediment yield depends not only upon the 

direction of climate change, but also on the climate before the 

change. Sediment concentration in runoff is shown to increase 

with decreased annual precipitation, suggesting further that a 

decrease in precipitation will cause stream channel aggradation". 

However, seasonality of rainfall effects sediment production 

through generating runoff or vegetation growth which protect the 

soil, or through accelerating specific geomorphic processes such as 

frost shattering and slope processes. For example, Pitlick and 
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Thorne (1987), after studying sediment supply for Fall River, 

concluded that unstable side slopes of incised valleys can form a 

major source of sediment delivered periodically as a result of 

toppling, slumping and rilling which occurs in response to 

undercutting by high snowmelt discharges and thunderstorm 

generated surface runoff. 

It seems likely that the dominant source of sediments for the 

valleys at the time of deposition of the fill material was the valley 

walls and slopes, as rock fragmentation processes on the upper part 

of the slopes continued delivering sediments to the channels 

below. The channel filling in the Gebel valleys is very similar to 

the fill produced by an aggrading channel in that it displays 

vertical accretion. In this respect, it is very similar to Schumm's 

(1960b) hypothetical channel fill although the Gebel valley fill 

reveals more truncations and crosscutting relationships within the 

material. Generally, the Gebel valley fill has gravel and fine 

sediment layers alternating with each other (Figures 4 and5 ). The 

percentages of gravel and fine sediment vary from one place to 

another, with the gravel being dominant in some places and the 

fine sediments in another. 

There are three major facies associations which serve as the 

basis for interpreting the Gebel fill deposits. The facies indicate 

that the fill is a mixture of  slope process deposits and fluvial 

deposits (colluvial-fluvial), which are: gravel deposits, slope 

deposits and fluvial deposits. This finding is based on the textural 

content of Figures 4 and5 . 

The existence of cycles of fine-coarse sedimentation raise 

several interrelated questions: (1) what are the possible intrinsic 

and extrinsic factors affecting the cycles of fine-coarse 

sedimentation? (2) How did the geomorphic system operate during 

the time of deposition?  

Regarding the sampling strategy for the sedimentological 

work (Figures 4 and5 ), 4 sections at wadi Al Athrun were located 

(A-D, figure4 ). These sections were located along the fill deposits 

and were chosen on the basis that they include the 

sedimentological characteristics in the valley. Two sections were 

located along the fill deposits at wadi Murgus. Two sections only 

were located there because they contained all the sedimentological 

characteristics in the filling sediments (A-B, Figure 5 ). At wadi El 
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Rejel just one section was located, in the reach furthest 

downstream. One section only was located there because of a lack 

of filling sediments upstream where they have frequently been 

deformed by the presence of plants and/or have been washed 

downstream (C, Figure5).  

Figures 4 and 5 show that fining-upward cycles do not occur 

within the valley fill deposits. Graded beds are absent, which is 

consistent with the deposits being slope-wash deposits. The gravel 

and the fine sediments usually occur as a mixture, but in other 

cases the transition from fine sediment to gravel is sudden. 

Changes in size, or the alternation between fine and coarse 

sediments, could be interpreted as being a result of a changes in 

stream power and, therefore, these changes could be due to either 

intrinsic changes in the catchment upstream or to a marked shift in 

climatic conditions. If the sediments are entirely fluvial then, in 

case of gravel deposition, fine sediments either were not present, 

which seems extremely unlikely, or were transported away by the 

flow. It is unlikely that either the coarse fill is evidence that a 

consistent supply of gravel was available during the period of 

filling, or that the valley was connected with gravely washes in the 

head waters. It is most likely that the production of coarse gravels 

was continuous, but that the processes responsible for washing fine 

sediments from the slopes were highly seasonal. As a result, the 

Gebel valley fill type deposits provide no reliable evidence of a 

decrease in stream power during filling. Therefore, it is most likely 

that the hydrological changes that resulted in the valley filling 

were extrinsic.  

The gravel deposits were a significant part of the Gebel fill 

deposition. These deposits have a great range of sizes, varying 

between boulders, gravel and fine sediments. The most significant 

component is a massive to crudely unstratified, pebble-cobble 

conglomerate; interbedded some times with massive, sand, silt, 

mud. The interbedded layers some times have a trough-like form  

(Plate2). The gravel is composed primarily of angular to 

subangular and moderately sorted to poorly sorted particles, 

suggesting that transport distances were minimal. The sedimentary 

succession in the area reveals that vertical and lateral grading are 

completely absent. In the Gebel succession, the flattened surfaces 
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all dip in different directions. Such cases suggest that transport was 

accomplished by processes in which the clasts were not completely 

free to move relative to one another. This could be caused by the 

relatively high flow viscosity of a debris-ladened flow, or it could 

indicate that the process of accumulation was rapid, so that there 

was no time for an organised fabric to develop.  

The massive silt sand mud deposit is the second component. It 

occurs in separate beds alternating with the gravel ones, or 

interbedding in the gravel massive, or as a mixture of the two. The 

third significant component is a massive, matrix-supported gravel. 

The percentage of each component varies from one place to 

another, but is usually between 50% to 70% for either the gravel or 

the fine sediments.  

Fine sediments bodies consist of poorly sorted masses of 

sediment, which probably washed down the slopes as a cohesive 

body of sediments. It seems that the Gebel valley slopes were a 

typical environment for such processes, because the slopes steep 

there was an abundance of clastic debris, terra rosa (a brown clay-

loam soil developed under a warm, seasonally dry climate, on 

limestone) commonly occurring beneath a maquis type of 

vegetation in some parts of the mediterranean, Whittow, 1984) and 

a high seasonal stormy rainfall, which is the most suitable 

combination of materials and climate for such processes to be 

initiated. The occurrence of these fine sediment layers within the 

succession of sediments could be interpreted as due to fluvial 

processes. 
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Plate 1: Distinctive vertical associations of lithofacies upon which the effects 

of several cyclic processes are superimposed (wadi Murgus). 

 

 

 

 

 

The evidence of transportation 

Sediments might be transported in the bedload form (rolling or 

bouncing along the stream bed) or as a suspended load. The 

abrasion of sediments against the channel boundaries, and the 

collision of sediments with each other will cause the breaking of 

sediments into smaller fragments, part of which will be carried in 

the form of suspension. Sediments formed through mechanical 

weathering often tend to be angular as breakage typically occurs 

along grain boundaries and joints (Skinner and Porter, 1992). 

During the process of transportation the sediments become 

progressively more rounded and the degree of roundness indicate 

the length of the transportation process. If the time and distance of 

transportation is long, the intensity and frequency of grains 

colliding with each other is high. As a result, the roundness of a 

particle could be used as indication of the time and distance over 

which the grains were transported and deposited. Plates 1 and 2 

show that the Gebel Al Akhdar filling deposits range between 

angular, sub-angular, and sub-rounded, which indicate that the 

intensity and frequency of grain collision during transport was 

very low. Consequently, it can be concluded that the length of 

transport time and distance of transportation were both short. 
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Plate 2: Bank erosion at channel meabder in wadi Murgus, where the slop 

retreats forming a very steep face. 
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Table 2 : Grain size analysis data used to construct 

 the diagram in Figure 6 

Phi intervals 
Cumulative                            percentages 

Al Athrun Murgus El Rejel 

Base pan 0.1 0.2 0.5 

4 0.2 0.6 0.8 

3.5 0.3 0.9 1 

3 0.4 1.4 1.3 

2.5 0.6 1.8 1.5 

2 0.8 2.1 1.6 

1.5 1.1 2.3 2 

1 1.3 2.5 2.2 

0.5 1.5 - - 

0.00 1.7 - - 

- 0.5 2 - - 

- 1 2.1 - - 

- 1.5 2.3 - - 

- 2 2.5 - - 

- 2.5 3.5 2.8 6.2 

- 3 5 3.1 6.6 

- 3.5 9 4.8 9 

- 4 15.5 9.9 11.4 

- 4.5 22.5 18.2 19.4 

- 5 41 33.9 37.9 

- 5.5 64.5 56.7 54.8 

- 6 84 73.8 78.9 

- 6.5 93.5 82.9 89.3 

- 7 94.5 98.6 96.1 

Total 100 % 100 % 99.7 % 

This Table is done by my self. 
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Figure 4: Stratigraphic sections of fill deposits in wadi Al Athrun, (A-B) near 

Al Athrun Village and (C-D) near the main junction 
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Figure 5: Stratigraphic sections of fill deposits in wadi mrgus (A and B) and 

wadi El Rejel (C). Notice the stratification at the top of the sections which is 

probably related to the bedrock. 
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Figure 6: Grain size diagrams: (top) wadi Al Athrun; (middle) wadi El Rejel; 

and (bottom) wadi Murgus. 
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Sorting 

It is known that fluvial sediments usually have a log-normal 

size distribution, but in the case of the fill deposits a much wider 

cumulative frequency curve resulted from field sampling. Also, the 

distribution of grain sizes reveals the existence of bimodality. This 

may indicate that some of the sediments probably resulted from 

valley-side failures. It is well known that the further the sediments 

are transported, the greater is the chance to become well sorted. 

Particularly sediments in environments that experience a constant 

level of turbulence and flow speed, will be better sorted than those 

formed where conditions fluctuated. Also, Figure 6 shows that the 

grain size distribution in the three valleys is negatively skewed, as 

the fine sediments percentage is very small, which might suggest 

that the fine sediment is winnowed away either by waves, wind or 

fluvial processes.  

Table 3 :General sequence regarding  Gabal Al Akhdar valleys evolution 

 

 

 

 

 

 

 

 

 

 

 

 

 This Table is done by my self. 
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Table 4 : Gabal Al Akhdar climatic/Geomorphologic conditions during the 

Pleistocene/Holocene. 

   

 

 

 

 

 

 
This Table is done by my self. 

CONCLUSIONS 

The evolution of the Gebel Al Akhdar valleys can be 

summarised as follows (Tables 3 and 4 : 

(1) The evolution of the Gebel Al Akhdar valleys has begun 

toward the end of the Miocene after the emergence of the Gebel 

region from the Tethys sea. Uplift and further emergence 

continued into the Pliocene. 

(2) Soon after the emergence of the Gebel, the formation of the 

drainage systems began on both the gentle southern slope and, the 

steep northern slope. 

(3) As the Gebel drainage system began forming, processes of 

incision and widening resulted in enlargement of the valleys and 

dissection of the landscape. 

(4) Initially, downcutting was more effective relative to valley 

widening, indicating the effects of fluvially dominated processes 

during a pluvial period and a low base level. During this stage of 

the Gebel valley evolution, precipitation was relatively high, 

stream runoff was very high and flow was perennial. 
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(5) Towards the end of the period of valley incision and just prior 

to the onset of the valley filling, faulting occurred along the north 

side of the Gebel producing two escarpments and benches. The 

faulting process produced knick-points in the Gebel valleys. In 

some valleys there are two knick-points upstream and downstream 

and it is most likely that the downstream knick-point represents the 

first escarpment, while the upstream one represents the second 

escarpment. 

6) At the end of the period of incision, the channel bed had 

reached an elevation close to its present level. Climatic conditions 

in the Gebel valleys then changed to a drier-cooler condition 

which favoured boulder and gravel production on the side slopes 

and delivery to the valley base at a higher rate than their removal 

by fluvial runoff. As a result, valley floor levels stabilized and 

sediment began accumulating  at the channel bed. During 

the deposition of these sediments a seasonal interaction (cyclicity) 

between slope processes and fluvial processes occurred. 

(7) After the thickness of the valley fill deposits reached around 

23m, the climatic conditions in the Gebel changed again, this time 

producing a condition of increased channel competence to remove 

sediment from the foot of the side slopes. This came about through 

an increase in the amount of precipitation and the erosive power of 

the channel flow. As a result, the channels incised into and, 

eventually, through the fill deposits eventually reaching the 

elevation of the former channel bed from the valley incision I era. 

(8) Sometime after the channels had incised through the valley fill 

to the former channel bed, climatic conditions again changed, with 

the amount of precipitation decreasing and becoming more 

seasonal. As a result, channel flow decreased and became 

ephemeral, a condition which resulted in a balance between 

sediment production and removal (the present condition), there is 

coincidence between all the proposals on a large scale, while there 

is no agreement between the proposals on a small scale (more than 

5,000 yrs), which can be interpreted as a result of local differences. 

It is obvious that using ambiguous terms such as warm/dry 

describing a long period, such as 5,000-10,000 yrs, is 

unacceptable. 
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