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Alluvial karstification and paleodolines development in Eocene 

limestones, a case study from West Sohag City, Egypt: 

Implications for causes and impacts 

Abstract 
 

The late Oligocene Pre-Eonile paleoriver flows drained northwesterly over the Eocene 

Limestone Plateau in the east central Western Desert, west of the Nile Valley (Sohag) 

constructed an alluvial plain and led to the karstification of the limestone bedrock, as 

paleoerosional surfaces and paleodolines. Knowledge of these alluvial karastification is 

completed with the detailed studies of the sedimentary evolution of the fluvial system and 

its contemporary deposits in this area. The compiled of the sedimentological and 

geomorphological features allows discussing the natural environmental conditions that 

favored karst in the past and the main genetic mechanisms prevailed. The architectural 

elements of fluvial deposits indicate that they were deposited in a gravel-dominated 

braided fluvial system, characterized by higher availability of water and sediment 

supplies. The current study proves that genesis of paleodolines  was mainly related to this 

high water supply. Some of them were progressively filled by syn-sedimentary deformed 

unconsolidated deposits. Such deformation is due to dissolution of the underlying sagging 

synclinal limestone, conditioned the location of sinking waters where preferential 

dissolution and later suffusion took place. A model for the evolution of the paleodoline 

fills is proposed and interpreted three different stages:1) gravitational processes 

developed and disorganized gravels were remobilized and dragged towards the created 

paleodolines, 2) flooding of the paleodolines and acted as lakes where Gilbert-type deltas 

and gravel lope deposits accumulated, exhibiting  several unconformities interpreted as a 

result of continued subsidence of the paleodoline related to dissolution, 3) non-deformed 

fluvial facies sealed the whole deposits  mark the end of the karstification process. A 

combination of different types of factors that could cause karstic subsidence and 

associated hazards include: soluble rock lithology, paleoclimate, and deformational 

structure.  
 

Introduction 
Karst is a geomorphologic feature that is formed in soluble rocks such as 

cavernous carbonates and evaporites. These rocks include distinctive landforms related to 

dissolution characteristics (Youssef et al. 2018). Karst features are formed in these 

soluble rocks by processes of surface weathering, stream sinking, cave development, and 

tectonic uplift (Williams, 2007), or by conduits or cavities through the subsurface rock 

dissolution (Ford and Williams,1989; White,2002; Youssef et al. 2016). Karst 

paleodolines and landsubsidence represent major problems in many areas all over the 

world such as in Ebro basin, NE Spain (Benito, et al., 2008, 2012; Gutiérrez,et al., 2005, 

2008), in the Val d’Orléans,  France (Perrin, et al., 2015), in west central Florida(Horwitz 

and Smith, 2004; ), and in Apulia, Italy,(Rose et al., 2004). The presence of these 

problems produce several damages to human settlements (Rose and Parise, 2002; Rose et 

al., 2004; Guerrero et al., 2004; Waltham et al.2005), water leakage in reservoirs 

(Gutiérrez et al. 2014), loss of human lives (Gutie´rrez, et al., 2009), flooding and water 
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table rise (Najib et al., 2008), and pollution of groundwater (Kovačič, and Ravbar, 2005; 

Cooper  and Gutiérrez, 2013). 

Karst rocks cover a wide area of Egypt including the western and eastern 

limestone plateaus (Halliday, 2000, 2003), and evaporite rocks along the Red Sea coast 

(El Aref, et al., 1986). In the last decade the attention of damage related to karst and 

paleodoline activities have been increased in Egypt due to the gradual increase in the 

development projects in the desert lands occurring in karst terrains. The lack of 

information and understanding of karst in limestone and evaporite rocks can cause 

several problems and damage to the anthropogenic environment. There are several 

studies documenting karst landforms in Egypt, especially cone karst, karst depressions, 

sinkholes and caves. El Aref et al. (1987) recorded  conekarst landforms in northern part 

of the limestone plateau of El Baharia Oasis. Halliday (2000, 2003) mentioned that 

several karstic features were found in the north southern Galala plateau such as St. 

Anthony’s cave. Brook et al. (2002) studied the well known "Djara Cave" as one of the 

most important caves in the western plateau, located between Assiut and Farafra Oasis 

and resulted from the dissolution of carbonates. Kindermann et al. (2006) described also 

some caves, and other karastic features such as red soil in the Djara region. Waltham  

(2001) indicated that a scatter of sinkholes and small caves were located in  the limestone 

plateaus of the different Oasis in the western Desert. Wanas et al. (2009) mentioned that 

the area between El Baharia and El Farafra Oases also show some karst features. 

Recently, Mostafa (2012, 2013) recorded several caves and shafts west and east of the 

Nile Valley, near Assiut. Abdeltawab ( 2013) studied  caves, sinkholes and open fractures 

in the El Minia-Maghagha limestone plateau to the eastern bank of Nile River, and most 

of them are structurally-controlled. Youssef et al. (2017, 2018) pointed to the 

predominance of cavites and sinkholes around Sohag that induced landslides and slope 

instability. Other studies focused on the origin of the widely distributed color patterning 

in the western Desert. Klitzsch et al. (1987) interpreted this patterning as traces of faults 

and fractures. Brooks (2001) suggested that the patterns are giant erosional flutes formed 

by catastrophic flooding. The most important recent study is the work of Tewksbury et al. 

(2017) which discussed the origin of this patterning and interpreted it as non-tectonic sag 

synclines produced by deep epigenetic karst This interpretation is documented by 

geophysical data that these synclines are localized on areas of low resistivity zones filled 

with artesian groundwater and including subsurface karst voids and collapse breccias 

(Tarabees et al., 2017). 

It is obvious that most of previous studies in the western desert have focused on karst 

features. However, there is a lack of research dealing with detailed sedimentological 

analysis of paleodolines infill and their relation to karst-induced paleosubsidence during 

wet periods in the past. These paleodolines generate gravitational deformational features 

that affect the fluvial materials overlying the karstified limestone.  Examples of 

paleodolines caused the synsedimentary, gravitational deformational structures related to 

karstification are frequent in carbonate terrains in areas of the world (Fernald et al. 1998; 

Waltham, 2008; Brinkmann et al., 2008; Brain, et al., 2013). Therefore, the main 

objectives of this work are as follows: 1) to study the sedimentlogical characteristics of 

fluvial deposits and the associated syn-sedimentary deformations in the area west and 

southwest Sohag; (ii) to propose a model for the evolution of the paleodoline infills; (iii) 

to discuss the role of lithology, sagging structure,  and paleoclimate on karst process and 
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sedimentation through the analysis of present-day paleodoline and associated 

sedimentary features of the fluvial deposits; and (iv) to determine the distribution of the 

most problematic karst areas (buried paleodolines) which probably increased in future by 

man-made activities. 

  

Study area characteristics 
Recently, the Egyptian government constructed many highways all over the 

western and eastern plateaus in order to evaluate development projects in such 

mountainous areas such as new towns and agriculture projects. Because of the nature of 

the terrain, and to establish new areas to be developed,  the essential karst formations and 

the distribution of the most problematic karst areas which probably increased in future by 

man-made activities were determined. The study area lies between latitudes 26° 03' to 

26° 05' N  and longitudes 31° 30' to 31° 57 E, and  represents part of the Western Eocene 

limestone plateau which is considered one of the largest plateaus of the Western Desert of  

Egypt . The limestone plateau is dissected along the Nile escarpment by drainage 

networks (wadis) attaining NE-SW trend. The southern part of the scarp face is formed of 

Thebes Formation at the base and the Drunka Formation at the top. Northward, the 

Drunka Formation forms all the scarp face (Fig. 1). The study area  is delineated  from 

the low desert land areas and agricultural areas surrounding the River Nile.in the east by a 

peripheral steep scarp, which is most probably a fault line scarp attaining NW-SE, N-S 

and NE-SW directions (Lansbery,2011; Youssef, et al., 2017). The altitudes of the 

plateau descend from the west, where the highest altitudes are more than 400m a.s.l. 

Towards the east the height reduces to 220 m a.s.l.. The area is traversed by two roads; 

The Aswan-Cairo Road and The Sohag-Cairo Road. Climatically, the area belongs to the 

hyperarid belt of Egypt, and nowadays the climate in this region is dry, and most rainfall 

is variable from nil in summer to 17 mm in winter (Youssef, et al., 2017). The area is 

characterized by deep underground waters up to hundreds of meters below the surface of 

the plateau (Salim, 2012; Tarabees, et al., 2017). Occasionally the rainfall in the Sohag 

area happens suddenly with high rate causing flash floods (Kareim, 2001). Structurally, 

large WNW-ESE and NNW-SSE trending Sag synclines and closed basins (Tewksbury et 

al., 2017) are the most prominent structure (Fig. 2A). Other structural elements such as 

fault lines, open joints and fractures sets and lineations parallel to the two dominant 

trends of sag synclines are also encountered. 

 

Material and method 
The present work is mainly based on field investigations and analysis through 

detailed field sketches on large quarries. During the field work, an area of approximately 

140 km
2
 (west and southwest Sohag) was selected. A general geological and 

geomorphological maps were constructed based on topographic sheets of scale 

1:100,000, and aerial photographs of scale: 1:40,000, as well as Landsat ETM+ images. 

The studied outcrops are located along the new desert roads constructed on the surface of 

the plateau, west and southeast of Sohag, where important open-pit gravel and sands 

along quarries faces and artificial exposures for roads dominates. A geomorphological 

map showing the distribution of paleodolines was constructed. Eight stratigraphic 

columns from the fluvial succession covering the Lower Eocene bed rock, were drawn in 
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order to describe the vertical lithofacies associations, as well as to interpret the 

environmental conditions in which they developed in the past. 

As regards to study paleodolines and the genetic mechanisms of paleodoline 

development, a sedimentological and palaeoenvironmental analysis of the sedimentary 

filling of three paleodolines (named Wadi El Dokhan and Wadi Samhud, and Wadi El 

Gehini, Figs.) was carried out. The selection was based on the quality and size of the 

sections, presence of syn-sedimentary deformational structures and presence of a non-

deformed sedimentary cover.  A morpho-sedimentary evolution model was developed in 

view of regional fluvial records, with emphasis on the understanding of causes favoring 

limestone dissolution and paleodolines formation. 

 

Stratigraphic outline 
The  West Sohag plateau lies parallel to the western bank of Nile River and is 

mainly capped  by  Early Eocene carbonate rocks (Ahmed ,1980; Said, 1990), overlain by 

Late Oligocene-Miocene  coarse siliciclastic rocks (El Haddad, 2013; Abu Seif, 2015). 

The carbonate rocks were partly described in general works dealing with the western 

limestone plateau in the Western Desert by several authors (e.g. Omara, et al., 1973; 

Ahmed ,1980), Klitzsch et al., 1987; Said , 1990;  Issawi et al., 2009).  Recently, 

Tewksbury et al. (2017) reviewed the earlier literatures and agree in their classification 

with Klitzsch et al., (1987) in naming Thebes group which is subdivided into: 

Thebes/Sarai ,El Rufuf and Drunka Formations. El Haddad (2013) and Abu Seif (2017)  

subdivided the sediments of West Sohag plateau into two lithostratigraphic sequences; 1) 

the Lower Eocene limestone sequence  (Thebes Formation at the base, and Drunka 

Formation at the top), 2) the Late Oligocene-Miocene sequence (Katkut Formation, Fig. 

3).   

The Thebes Formation represents the lower part of Eocene limestone of the Nile 

Valley and  conformably overlies the Esna shale (Omara et al., 1973; Youssef, et al., 

2017), and was firstly  introduced by Said (1960) to describe the massive and laminated 

limestone.. The Thebes Fm is well represented along two sides of Wadi Samhud (up to 

110 thick). Northward its thickness decreases gradually reaching to 30 meters, west of El 

Kawamil village due to the regional northward dip of plateau (Ahmed (1980).. 

Lithologically, the Thebes Formation started at the base by massive to laminated  , chalky 

limestone, with chert nodules and bands, which tend to be less in the upper portion of the 

sequence (Fig. ).  Upwards the Thebes Formation consists of thinly bedded fossiliferous 

limestone with rhythmic alternation of Nummulitic bands. Ahmed (1980) observed some 

Oyster beds (40cm thick) near the top part of the sequence. Northward the upper part of 

the Thebes Formation interfingeres with the overlying Drunka Formation. This 

phenomenon was recorded in the Eocene limestone plateau of the eastern side of the Nile 

Valley (Keheila et al., 1991).  

The Drunka Formation is a carbonate succession that overlies the Thebes 

Formation, and considers a distinct mappable unit in the area between Sohag and Assiut 

(El Naggar;, 1970; Omara et al., 1970; Said, 1971; Klitzsch et al., 1987). West of Sohag 

Drunka Formation  represents the grayish white bioclastic limestone (Ahmed, 1980). In 

the investigated area, the Drunka Formation covers more than 85% of the area around 

Sohag. It conformably overlies the Thebes Formation and is easily differentiated from it 

by its snow white colour and massive bedding (Fig. 2B). The lower part of Drunka 
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Formation (about 30 meters) is composed of laminated limestone with chert bands 

interbedded with bioturbated hard massive limestone including large silicified Limestone 

concretions (up to 1.2 m in diameter). According to Ahmed (1980) this basal part of 

Drunka Formation named a  transition zone  between  the Thebes and the proper Drunka 

Formations.  The upper part (up to 100 meters) is composed of greyish white, massive to 

bedded bioturbated limestone enriched with echinoderms, molluscs, large foraminefera 

and calcareous algea. 

 

The Katkut Formation was first introduced to the Post-Eocene stratigraphy west 

of the Nile Valley by some workers (e.g.  El Hinnawi, et al., 1978; Issawi and Osman, 

1988; Issawi et al., 1999; and Issawi, 2005), comprising all the reddish brown coarse 

clastic deposits that unconformably overlying the Early Eocene limestone sequence (Fig. 

2C). These sediments ( by their field relations and stratigraphic position) are assigned to 

be  Late Oligocene to Early Miocene age (El Haddad, 2013; Abu Seif, 2015).These 

fluvial sediments correspond to the undifferentiated gravel unit west of Nagh Hammadi 

(klitzsch et al., 1987), to Higaza Formation east of Qena  (Philobbos and Abd El Rahman, 

1990), and to Pre EoNile  gravels in the area between Aswan and Nagh Hammadi, west 

of the Nile (Lansbery,  2011). El Haddad (2013) and Abo Seif (2015) recognized  three 

informal units of Katkut Formation; gravel, sands and silts, gravel and sands .The 

detailed field study of the overburden deposits (Katkut formation) in the investigated area 

has shown that these sediments show rapid lateral and vertical variable in lithology, 

thickness and gravitational deformational features. These characteristic features led the 

present authors to reevaluate these sediments which has been described earlier by Brooke 

(2001), El Haddad (2013) and Abu Seif (2015, Fig.  ), especially these sediments have 

been played an important role in karastification process as will be discussed later. 
Detailed stratigraphical and sedimentological studies of fluvial system of Katkut 

Formation indicate that these sediments are controlled mainly by karastification. 

Accordingly the fluvial system of Katkut Formation is subdivided into syn karst and post 

karst fluvial deposits (Figs. 2D&4). Syn karst fluvial (deformed lower unit) represent the 

older fill , and is defined as fluvial system deposited during periods of associated active 

karastification. Post Karst fluvias (un deformed upper unit) represents the younger fill 

and is defined as system deposited after periods of active karastification . 

Sedimentary facies of deformed (Synkarst) fluvial deposits 
Deposits of deformed fluvial system unconformably overly limestone bedrock 

with a highly irregular rockhead and karstic residue. These sediments can be 

characterized as three distinct lithofacies that are distinguished by both their 

sedimentoligic and environmental characteristics, as described below.  Additionally, , 

several signs of deformation (tilting, faults, lateral thickening, basin-form fills of gravel) 

generated during, or immediately after the fluvial deposition, are recognized. 

1- Longitudinal gravel bar deposits, are widely developed and occur as longitudinal 

bars (Fig. 3A) and, less commonly, transverse bars. Well-sorted, rounded to subrounded 

chert and cherty limestone pebbles and cobbles derived from southern and southeastern 

upland areas predominate, but  angular to subangular carbonate cobbles and boulders are 

also present, are clearly derived from reliefs of Eocene rocks close to the study area. 

Generally these sediments display a wedge-like geometry of gravels with interbedded 

sands. Toward the subsidence depocentres the alluvial infill contains several overlapped 
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alluvial bodies bounded by angular and parallel unconformities . Some channel-like 

bodies are observed and most of the sequences are fining-upwards . Texturally the 

gravels are bimodal, immature and extremely coarse clast-supported fabric,  and in places 

have an imbricated fabric. Laterally, the stratified gravels change into a 6-m thick of long 

cross-bedded set of gravels and sands as well as gravel lobes (Fig. 2E).  

Interpretation  

Characteristics of the low-relief, massive gravel bars and channel-fill gravels 

indicate  that these deposits  correspond to braided longitudinal bars and channels , and 

suggest  conditions of high water and rapid gravel transport and are similar to those 

described by other authors from ancient or recent braided, gravelly fluvial environments 

(; Rust, 1978; Ramos and Sopeña, 1983; Southard et al., 1984; Nemec and Postma, 1993; 

Miall, 1996; Briant et al., 2005 ; Briantet al., 2005; Soreghan et al.,2009). Massive and 

the crudely bedded gravels (Fig. 3A) indicate rapid deposition due to high sediment 

supply in braided channels  (Miall, 1996; Kruger, 1997; Kjær et al., 2004). This rapid 

flow conditions is also documented by the coarse pebble to cobble size clasts, clast 

support, localized scour surfaces, and imbricated fabrics. The coarse grain size of these 

deposits points to steep relief in the catchment areas. The predominance of rounded 

conglomerate clasts may point to prolonged episodic abrasion and a long distance of 

transport.  Bed dips and imbricated clast fabrics indicate N to NW paleoflow directions. 

The dominance chert , cherty limestone as well as some amounts of  quartz pebbles 

reflects the derivation of their detritus from preexisting Lower Eocene Thebes Formation 

and Mesozoic rocks exposed in the source area. The presence of locally-derived large 

blocks of Nummulitic limestones points to the activation of the  surrounding  Drunka 

Formation . Horizontally laminated sands deposited on the bar tops is interpreted as the 

result of deposition during waning discharges of shallow braided streams (Nemec & 

Postma, 1993). This proved by the lack of erosional down-cutting surfaces and 

horizontally laminated sandstones. The vertical stacking of fining-upward cycles suggest 

waning discharges due to bar accretion or lateral migration of channels at bar margins 

(Smith,1974; Miall,1996). Bimodal gravels (gravels with a high percentage of sandy 

matrix) are interpreted as the result of hyperconcentrated flow deposits formed by rapid 

deposition during high discharge events (Smith, 1986). The poor sorting, high 

proportions of sandy matrix and the massive character of the gravel bar deposits are all 

consistent with deposition from clast-supported sediment gravity flows and the  

predominance of grain to grain traction in the absence of clay (Mulder & Alexander, 

2001). Open-framework gravels (i.e. no sandy matrix) are encountered in some beds, 

indicating high-energy transport (Smith,1974) during which sand was not deposited, or 

was washed out by subsequent flows (Luzon, et al., 2012). Imbricate clasts in the cobble-

pebble conglomerates indicate a dominant north-westerly paleoflow direction, similar to 

the general flow direction of giant fluting of Brooke (2001), related to the palaeo- Pre-

Eonile rivers...  The long cross-bedded set of gravels and sand have been interpreted as a  

Gilbert delta body (Perezet al.,2011), formed by high discharge of fluvial bed-load 

material in a shallow lake generated by karst (as evidenced by the dominant of 

synsedimentary deformational features).  

2- Fluvial channel deposits range in thickness from 3 to 20 m, and consists 

predominantly of medium to coarse grained sandstone that is moderately well sorted. 

Gravelly sand was encountered. The base of this association is typically channelized. 
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Individual sand bodies display an erosional lower boundary. Vertically multistorey cross-

bedded bodies, with multiple thinner fining-upward sequences are recorded and abundant 

root traces near the top. Some beds show stacked horizontal parallel lamination. 

Sratification in this part is sometimes only visible due to the presence of thin granule 

layers or of oriented isolated pebbles. Near the base of the sets, the sand is coarse and 

may contain abundant granules. The deposits of this unit are terminated strongly by 

weathered ferruginous paleosols (2-5 m thick), bright to reddish brown in colour (high 

iron impregnation in groundmass) and Fe-Mn nodules and concretions. Its lateral 

continuity provides a key-surface at the basin scale.  

Locally , a 4m thick of laminated, reddish brown fine-grained sandstones and 

siltstones with pedogenic features have been located (Fig. 2F) . It merges laterally into 

yellowish fluvial sands. Lags of gravels are also scattered 

Interpretation  
 The erosional lower boundary of this facies association, combined with its 

thickness and fining-upward trend, are characteristic features of fluvial-channel depostis. 

This interpretation is also supported by the presence of unidirectional flow structures and 

abundance of root traces near the top. The gradational boundary to the overlying siltstone 

is interpreted to reflect gradual channel abandonment. Gravel and cobble lenses are 

locally abundant, indicating episodic, high energy depositional conditions. The massive 

sandstone represents the deposits of sheet floods or highly concentrated flows. The 

presence of the stacked nature of the beds indicates high rates of sediment aggradations 

and the transportation took place by multiple ancient rivers during past pluvial episodes 

(Abdel kareem et al., 2012). The laminated sandstones and siltstones are interpreted as 

shallow lake deposits with phases of subaerial exposure (Amoroso et al., 2008). The finer 

grained indicates to settling from suspension ( Delaney, 2007; Oslegeret al., 2009). The 

presence of deflation lags with ventifacts is interpreted to have been formed by deflation 

of water-laid gravels (; Fryberger, 1993). 

  

Sedimentary facies of post karst fluvial deposits 
 The post karst fluvial unit overlaps the basin infill with an erosional contact and 

comprise 15 m thick gravel unit, and started at the base with planar cross bedded gravel 

and followed upward by massive gravels deposits. The basal surface of this association is 

an angular unconformity that truncates the reddish brown paleosols that developed at the 

top of syn karst fluvial deposits. Occasionally It conformably overlies the Drunka 

Formation (Fig. 4). This association consists of stacked interbedded conglomerates, 

conglomeratic sandstones and sandstones, characterized by large-scale foresets 

prograding northwestward (Fig. 2G). The foreset beds are planar, and exposed in 20 m 

high cliffs. The average dip of these foresets is 30º, but this decreases gradually in the 

downdip direction to 15º. The foreset beds are stratified with bed thickness ranging from 

20 to 50 cm. These beds are composed of mixed chert, silicified limestone and quartz, 

which are both clast-supported and sand-matrix supported, which in places show normal 

grading, inversely grading or massive. Clasts are 5-15 cm in diameter, well rounded to 

subrounded (Fig. 2H). Paleocurrent data (based on conglomerate imbrications and the dip 

directions of foreset beds) indicate NNW to NW paleoflow direction.The upper part of 

this association is represented by massive to crudely bedded conglomerates aggrading 

above the underlying lower part. The conglomerates are of clast-supported. Clasts are 10-
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30 cm in diameter, and in places show imbricated fabric. Occasionally large blocks 

attaining 1m in diameter are encountered. This unit displays coarsening-upwards trend 

and scourd surfaces. Texturally clasts are more sorted, well rounded and subrounded. 

Interpretation 

The overall characteristics of the gravel sequence of the lower part of this association 

suggest that the deposition took place on the foresets of fluvially-dominated fan delta 

(McConnico and Bassett, 2007.  The foreset beds are formed from fluvial bed-load 

materials which move and prograded downslope by sediment gravity and debris flow. 

The decrease in grain size and the absence of outsized clasts in conglomerates, all 

together with better sorting and increase of clast roundness are typical features of distal 

environment. Paleosols and red sands indicate subareial exposure and deposition in 

continental environment . The foreset conglomerate facies is separated from the overlying 

upper association by an irregular erosional surface. This indicates to emergence and 

erosion of much of the lower facies prior the deposition of the overlying conglomerates.  

The upper association displays the characteristics of hyperconcentrated flow 

deposits under high discharge conditions (Smith,1986; Blair and McPherson, 1994). 

These consist of massive gravels with well sorted sandy matrix. Clasts are rounded to 

subrounded and imbricated. The occurrence of pebbles derived from the cherty limestone 

together with their sizes increase upsection suggests progressive increase in relief. 

Scoured surfaces due to channeling are common in this unit. The occurrence of angular 

limestone boulders of reworked Drunka Formation rocks in the sandy deposits implies 

locally derived from the surroundings during uplifting. The lensoid laminated sandstones 

between the erosional surfaces indicate that these sediments have settled on small poles 

during channel abandonment. Outsized fossiliferous limestone clasts are dominant in the 

nondeformed fluvial gravels with lesser amounts of cherty limestone clasts. This 

indicates locally sourced streams from the surrounding Lower Eocene rocks, as 

demonstrated by the presence of angular limestone boulders of reworked Drunka 

Formation.This also may be interpreted as a significant expansion in source area to 

Drunka Formation which only gives significant amounts of fossilifeorous limestone.   

 
Depositional architecture 

In the western desert , high stream discharge rates during the Oligocene, possibly 

associated with either uplift Nubian swell in upstream settings and regressive of Eocene 

sea, combined with the existence of a detrital sedimentary cover (Oligocene-Miocene 

gravels and sands), favoured the dissolution of Eocene limestone. These fluvial deposits 

in the studied outcrops, especially in the large quarries exhibit a widely vertical and 

lateral facies relationships . Fluvial gravel bars are the most abundant deposits in the area, 

with lateral channels also present (Fig. 5A). In some cases these channels are separated 

from gravel bars by erosive surfaces. Locally, loam deposits, represent up to 10% of the 

vertical succession and occur encased between sets of fluvial sands and the overlying 

gravels  and, in many cases, are separated from them by erosive surface. Occasionally 

some clasts of loam deposits occur encased in the overlying fluvial gravel deposits, 

indicating erosion of the loam deposits by water fluxes. The presence of non-deformed,  

mass-flow, gravelly deposits encased and eroding large-scale fluvial foreset and 

lamination loam deposits  is the result of these flooding process (Fig. 5B)   . Some lakes 

were formed in paleodolines and other irregularities of the gravel bar deposits. These 
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lakes served as the catchment to the braided streams, and led to the growth of Gilbert-

type deltas, gravel lopes and lacustrine fine siliciclastic deposits..Subsequently, the 

lacustrine and delta deposits are sharply covered by non-deformed gravel deposits (Fig 

5C). 

Overall, the stratigraphic succession of Katkut Formation is broadly horizontal 

but, at some locations, their lower part show angular unconformities and deformation 

structures, as well as inclined sets of gravels and sands strata that laterally merge into 

palaeodolines and collapse structures. In many outcrops  it is evident that these features 

are related to limestone  dissolution during deposition of fluvial gravels of the lower part 

of Katkut formation that lead to the generation of depressions of different sizes, ranging 

for decameters  to several meters in diameter. The synsedimentary fill of the paleodoline 

created by karst consists of sands, gravels  and loam deposits . having U-shaped geometry 

similar to U-shaped  deposits that  described  by Luzion, et al.,( 2012). Fluvial sands 

comprise the majority of the infill and loams are present only at the top of the succession 

(Fig. 6). One margin is characterized by a progressive unconformity (Fig 7)., which is 

indicative of synsedimentary dissolution of the substrata. The other margin is steep 

probably due to faulting.   
 

Paleoerosion surfaces and Paleodolines  
Several paleokarstic feature are recognized in the area west of Sohag (Brooke, 

2001; Youssef et al. ,2017, 2018 ; El Haddad, et al., 2017; Tewksbury et al., 2017), 

however ,two main karst types are predominant in the investigated area; paleoeosion 

surfaces and paleodolines (Fig. 8): 

A- paleoerosion surfaces  
Three main paleoerosion surfaces having different altitudes, characterized by 

three different morphologic paleokarst profiles formed, and labeled as S1, S2 and S3.  

1)The paleoerosion surface S1 , represents the highest surface (up to 300 m), and 

extends westward to a part of a the main western Eocene plateau planation surface. It 

covers about 30% of the investigated area, and is separated from the second surface by a 

scarp of erosional nature. This surface is covered by 1m thick flat-layered caliche 

laminated crust (caliche hardpan,  Eren and Hatioglu-Bagci, 2010). The lower part of the 

caliche crust shows a variety of forms such as nodular, powdery,  pisolitic, rhizocretions 

and, hard laminated crust , similar to those described by Wright and Tucker, (1991).  S1 

shows dissolution karst features, including cone karst, rillenkarrens, solution pits and   

dolines (Fig 9A). Rillenkarrens are 10-20 cm wide, 5cm or less deep, and 40-60 cm long. 

Also solution flutes (Ford & Williams 1989) consisting of subvertical and parallel 

grooves separated by sharp ridges are recorded (Fig 9B). They are straight, curved, sinus 

and braided morphology. Flutes are particularly well developed on slopes of small reliefs 

and/or at the top of bedrock.  

2) The paleoerosion surface S2 covers 70% of the investigated area, and 

represents the watershed of Wadis Abu Retag, Mateira El Yatim and Samhud. S2 exhibits 

a terrace-like morphology at topographic levels of 300 to 280 m a.s.l. Occasionally the 

paleosurface S2 shows bench-like profiles (Fig. 9C ), which developed as the result of 

several cycles of selective erosion, controlled by lithologic changes, as demonstrated by 

the alternations of chalky limestone and marls as well as silicified limestone. S2 surface is 

incised by streams which may form the main meandering wadis,that extend to the S3 
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surface. Wadi Tag Wabar and its tributaries incised the S2 , and widening and deepening 

towards the Nile Valley. According to vertical variations in karst features this 

paleoerosion surface is subdivided into two distinguished horizons:. The upper horizon 

represents part of a highly permeably zone termed epikarst, occurred at the top of the 

vadose zone (Williams, 2004; 2008). Their western margin is mantled by a relative thick 

cover of terra-rosa intermixed with calcrete (ranges between 0.5 to 2m). The terra rosa is 

composed mainly of red earthy materials of iron oxides and clays intermixed with sand-

sized quartz grains, and occasionally includes pebble-sized limestone fragments. They 

tape laterally toward the surrounding highs. Apart from terra roza, a number of solution 

sinkholes have been detected. Also, Other surface features include solution runnels, 

solutionally enlarged joints (grikes with different stages, similar to those described by 

Grimes,2012, Fig (9D), solution pipes, vertical shafts (5m deep by 2m diameter), and 

surface depressions and dry river valleys are encountered (Fig. 9E). The pipes seem to be 

formed at joint intersections or at fault locations, and are best developed in the cliff. 

Extremely irregular and pinnacled rockhead  (Fig 9 F) with soil and unconsolidated sands 

and gravels–filled fissures between remnant rock pinnacles are encountered north of 

Wadi Abu Retag . Cavities are more prominent karst features in paleosurface S2 . The 

earlier stage of the cave formation is formed by dissolution along vertical fractures in the 

rock (Martini, 1979; Galan and Lagarde, 1988).  Subsequently the fractures and joints are 

widened and connected until a cave is generated. Their enlargement is caused by collapse 

processes and erosion, forming the well knowin collapse paleodolines (Waltham and 

Gutiérrez et al. 2014; Piccini and Mecchia, 2009, Fig. 9G).  

Some of the upper horizon of S2 is covered by fluvial sediments (varying in 

thickness from 2 m to 30m). These fluvial sediments filled paleodolines located along the 

paleochannels, and are exposed mainly on quarry faces and road slopes, forming the well 

knowin buried paleodolines (Waltham et al., 2005,). These  paleodolines have a bowel-

shaped with diffuse and steep bounded scarps. They are symmetrical in shape and 

circular or subcircular, attaining up to 1200 meters in diameter and 10-20 meters in depth.  

The lower horizon of S2 , extends beneath the previously mentioned horizon , and its 

thickness is varying from 10 to 30m. in such horizon the karastic features decrease in 

frequency downwards till the fresh limestone bed rock. This horizon is dominated by 

distinctive karst landforms caused by subsurface drainages. They include caves occurring 

at contacts between individual strata which opened by dissolution along the rock 

discontinuity. Youssef et al. (2017) recorded large numbers of such cavities along the 

road cut of the western desert highway (Cairo-Aswan), and they formed by the  

dissolution of the infiltration water through joints and fractures. In the investigated area 

the dissolution activity has produced cavities ranging from conduits, caves to large 

caverns. Such cavities are vertically distributed at several levels above the wadis., and 

either empty and or occasionally filled with breakdown blocks, earthy brown terra rosa 

and clay materials. Close to the border of Wadi Samhud cliff there are three cavities with 

different levels are observed. They have generally formed at contacts between individual 

strata along bedding planes composed of thin-layered marly limestone alternating with 

layers of chalk. They are elongated and/or circular in shape with roofs usually convex 

upwards. The long diameter of these cavities varies from 0.5m to 5m. Occasionally these 

cavties are connected laterally and vertically to form large cavern extends laterally for 
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more than 25m (Fig. 9H). It is believed that these caves formed through episodic fluvial 

down cutting with the lowering base level and karastification. 

3) Paleoerosion surface S3  represents the lower planation surface with a mean 

elevation of about100-150m a.s.l. , and belongs to Late Miocene (basedon their 

stratigraphic position where this surface is overlain by Abu Retag Formation which dated 

Middle Miocene age of El Haddad, 2013 and Abu Seif, 2015). This paleoerosion surface 

is separated from S2 by a steep scarp, showing reentrants (Said, 1991) that formed  by  

the westward retreat due to corrosion of active streams ,especially in areas where upland 

wadis debouched into the S3 .. The retreat of the scarp is documented by the stripping of 

pedimonts, and karst deposits along the escarpment, and the development of fan-shaped 

embayments such as those of Wadi Tag Wabar. S3 is incised by small drainage systems 

of dendtritic  drainage pattern. Wadis Tag Wabar and El Yatim represent the main 

streams cut deeply through this surface. The down streams( i.e. towards the Nile River) 

are filled with thick sucession of the younger Nile sediments .  

B-Types and mechanisms of paleodolines formation 
Paleodolines are dominant in karst areas where soluble rocks such as limestones, and 

evaporite terrains, and constitute a significant hazard in these areas (Benito et al., 1998, 

2000; Gutierrez-Elorza and Gutierrez-Santolalla, 1998; Taqieddin et al., 2000; Dogan, 

2002; Salvati and Sasowsky, 2002, Brinkmannetal.,2008). Their formation may be 

naturally due to the abundance of caves and other subterrain conduits in limestone rocks 

(Waltham, 2005) , or caused by man-made activities (Langer, 2001).In the investigated 

area paleodolines are the most widespread karst type associated with limestone rocks and 

formed naturally . The current work follows the genetic doline classification introduced 

by Waltham  et al. (2005) and Waltham and Gutiérrez et al. (2008, 2014). Accordingbly, 

three main sinkhole categories called solution, collapse and buried paleodolines are used 

in this study.  

1-Solution paleodolines occur essentially in bare-limestone areas (Rose , et al., 2004), 

where Eocene  limestone directly crop out, with very limited mantled paleosols or absent 

cover. They are dominant over the plain of paleoerosion surfaces S1.. In some cases, 

where these paleodolines are located in paleosurface S2, they buried under 

unconsolidated fluvial sediments to form buried paleodolines.. The geohazard of solution 

paleodolines in the foundation engineering is the presence of large amounts of fracturing 

beneath the paleodoline floor, served as the deepest point for the natural reacharge 

drainage collector and increase the potential for rock dissolution and collapse (Waltham 

et al., 2005). 

 Dissolution paleodolines are genetically created by surface dissolutional lowering, 

and this  mechanism represents the classical solution process of doline formation in karst 

environment  (Williams,2003 ; Rose , et al., 2004). In the investigated area , there are 

several localities characterized by high frequency of paleodolines produced by 

dissolution through slow and gradual enlargement. The exposure of limestone rocks  

facilitates to concentrate surface runoff, generating discrete points which recharge into 

the underlying limestone bedrock, and begins to dissolve them (Ford and Williams, 1989; 

Waltham and Fookes, 2003). Subsequently, the dissolution widens the joints and 

fractures, creating dissolutionally-enlarged open fissures and pipes. In some areas, where 

the limestone is covered by thin red paleosols, the overlying red soil deposits  move 

downward and accumulate into the dissolution pipes and open fissures and joints. The 
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existence of red soils at the base of these paleodolines  support the interpretation of the 

initiation downward movement red soil deposits. 

2- Collapse paleodolines have also detected in the exposed limestone outcrops. They are 

dominant over the plains of paleoerosion surfaces S1and S2. These paleodolines generally 

show scarped edges, and may reach tens of meters in depth  and diameter(Fig. 9G). 

Occasionally this type of paleodolines may generate stratiform and large collapse blocks 

of brecciated limestones. In the area north of Wadi Samhud, the Drunka Formation 

includes several collapse paleodolines with local breccias evolved by dissolution of 

underground voids; cavities and their roofs, which in turn are gradually collapsing and 

locally filled with breakdown debris. Genetically these paleodolines initially formed as 

the result of  dissolutional conduits or cavites. With time  the progressive fall of the 

ceiling of the cavities by gravitational movement took place due to the their advancing 

towards the ground surface by a stoping process, generating the collapse paleodolines.  

2-Buried paleodolines are one of the predominant paleokarstic feature, naturally 

occurring, in area west Sohag. They were buried under unconsolidated fluvial sediments,. 

The occurrence of these paleodolines at the base of fluvial paleochannels is caused by 

suballuvial karstification process of a soluble bedrock, and it proves the activity of 

dissolution-induced subsidence in this area in the past. They mostly related to high water 

availability during high precipitation periods as the increase of paleochannel flows 

coming from the S and SE uplands source areas. Other natural buried paleodolines with 

steep-sided feature formed and completely filled with sands and gravels. Their presence 

are interpreted as the common of the buried pinnacled rockhead of the limestone (varying 

from 4 to 8m in relief) which have been  resulted from widely spaced fractures deepened 

by high rainfall inputs (Waltham et al., 2003). Occasionally the rockhead relief is 

generally 2-5m with small , buried and filled paleodolines, and in some case they appear 

as broad rockhead bowls (eg. South Wadi Yatim). Synsedimentary deformed fluvial 

features within these paleodolines are observed, and coeval to the subsidence, as 

demonstrated by progressive unconformities, vertical joints, disorganized gravel infill 

with vertical clasts and central dipping with local thickening (Fig. 10). The presence of 

these features points to the rapid downward movement of surface materials to the 

resulting paleodolines with associated tilting and dragging of deposited fluvial sediments, 
indicating that paleodolines were developed in active fluvial areas( Soriano, et al., 2010). 

Similar buried paleodolines related to limestone karst and the downward gravitational 

movement of surface materials are present in the Tampa Bay area of Florida, US  (Beck, 

1986;  Ford and Williams, 1989; Horwitz and Smith, 2003). 

Genetically buried paleodolines are formed through several stages of the karst 

evolution as follows: Dissolution of limestone initiated with creation of void spaces with 

vertical conduits and cavities (dissolution is more intense in the sagging structure). With 

time, gravitational processes developed and disorganized gravels were remobilized and 

dragged towards the created paleodolines which subsequently acted as lake settings and 

were progressively flooded and filled with fluvial sands and gravels. As a consequence of 

the collapses, the fluvial gravel and sand beds tilted and dragged toward the newly-

formed paleodolines exhibiting synsedimentary deformational features and revealing the 

existence of several stages of subsidence related to dissolution. Slowly, the deformation 
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decreased gradually and the younger gravel beds became slightly deformed. Finally  the 

paleodoline was covered by non-deformed fluvial gravels. deformation The 

disappearance of  deformation towards the top of the sequence marks the end of the 

karastification process. 

 

Relationship of paleodolines distribution and cover thickness 
Types and distribution of paleodolines are broadly related to the thickness of the 

overburden deposits (Lei et al., 2001; waltham et al., 2003), In the investigated area the 

overburden deposits are generally variable in thickness along the paleosurfaces S1, S2 and 

S3, and there is a clear relation between maximum cover thickness and types and 

paleodoline development and is shown by a profile through the paleosurfaces in figure ( 

11 ). On S1 where the surface of limestone is exposed and in some parts covered with thin 

patchy soil (up to 0.5m thick), stable, solution and collapse paleodolines are developed, 

while in paleosurface S3, where the rockhead of the limestone is pinnacled and cover 

thickness is more than 20m, unstable buried paleodolines are frequent relative to solution 

paleodolines. This is in agreement with data from different areas indicated that over 85% 

of paleodolines occur in cover up to 20m thick (Sinclair et al., 1985; Yuan, 1987; Chen, 

1988; Beggs and Ruth, 1984; Currin and Barfus, 1989; Wilson,1995). In this context, in 

the edge of escarpment (between paleosurfaces S2 and S3, where the cover thickness of 

clastics is up to 30 m measured  by digging wells (Said, 1962),  buried paleodolines are 

frequent, lying in the guideline limit applicable by Wilson (1995). Eastwards on 

paleosurface S3, where the overburden deposits are gradually thicken and more than 60m 

thick, pleodolines are very rare. Their rareness in these areas may interpret as thick clastic 

cover precludes their development by preventing seepage drainage through the 

underlying limestone (Waltham et al., 2005). 

 

 

Discussion: Causes and impact of paleoerosion surfaces 

 and paleodolines  
A combination of controlling factors that could cause paleokarst surfaces and 

paleodolines including the bedrock and overburden lithologies, paleoclimate and fluvial 

processes in the past, and tectonic and sagging structures. However, it is not easy to 

separate between the influences of one of these factors from the other. In the study area,  

the three paleosurfaces and the related karst features represent an evolution stage in the 

karst system and seem to be developed through different generations of geomorphic 

evolution, and related to uplift and erosion cycles and the predominance of the paleoriver 

incisions that drained northwesterly during past pluvial conditions since Late Eocene till 

Miocene. ((McCauley et al.,1986; Issawi and McCauley,1992; Robinson et al.,2000) . 

The geologic map of the investigated area shows that the plateau is mainly covered by 

Drunka Formation, which show highly karstic features, indicating the influenced of 

soluble bedrock lithology. The limestone of Drunka Formation is highly porous and 

permeable, as demonstrated by the dominant  of bioturbated and bioclastic as well as 

tempestite facies of these limestones . This facilitates the role of chemical weathering 

relative to mechanical one (Martini, 1979). Additionally, the subhorizontal bedding 

nature of the limestone terrains effects on slowly pathways for the groundwater flow, 

which in turn accelerates dissolution along both the discontinuities to form subsurface 
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karst features such caves and caverns, and/or along dissolution pipes and areas of 

irregular and pinnacled rockhead are developed. Trudgill (1985) pointed out that the 

degree of sloping affects directly water flow rates, which in turn increased infiltration rate 

downward and enhanced dissolution potential. Additionally, the overburden 

uncosolidated fluvial sands and gravels played an important role in karstification 

processes. The Paleosurface 2 is mantled by unconsolidated fluvial materials, in which 

karstification and collapse processes below the fluvial sediments appears to be active, as 

demonstrated by the abundance of buried paleodolines, irregular and pinnacled rockhead 

and dissolution pipes at the bedrock/fluvial interface (Fig 7). In contrast , areas 

paleosurface 1, limestone is exposed at the surface without significant fluvial cover; here, 

only surface karren and dissolution paleodolines develop, with no deep karastification 

processes and thus no risk occurred.  

Taking into account the climate setting during the Oligocene wet periods (Pickford et 

al. 2008); Abd El-Kireem, et al., 2012 ) the lithofacies characteristics  were all favored by 

the existence of high rainfalls in the surrounding source areas (southern and southern-east 

Egypt). The high and very variable  water  discharges due to the increase of precipitation 

in highlands are ideal conditions for braided plain development, and accumulation  of 

hyperconcentrated flow deposits ( Kallmeier et a., 2010) . These deposits are related to 

Pre-Eonile paleorivers system drained northwesterly on the Western Eocene limestone 

plateau in Mid- Tertiary age (McCauley et al. ,1986; Issawi and McCauley,1992; El-Baz 

et al., 2000; Robinson et al.,2000; Ghoneim, et al., 2007; Leinsberg, 2011; Abd El-

Kireem, et al., 2012). The evidence from fluvial gravels characterized by the 

predominance of the silicified limestone, and the well rounded cherts and quartz  pebbles 

indicates  an intensive chemical weathering  was prevailed during  humid climate (Selley, 

1982;Iwaniw, 1984). Additionally, the fluvial system shows a widespread fluvial incision 

and accumulations of aggradational fluvial quartz sand channels, interpreted as a 

response to increase in sediments supply during heavy rainfall conditions (Dorn, 1994; 

Hervey et al., 1999; Abdel kareem et al., 2012) and the high transport capacity (Nador et 

al., 2007). The predominance of root moulds in the sandstones suggests heavy rainfall, 

tropical to subtropical climate through the Oligocene and the Miocene with 1200 to 

1500mm/year precipitation (Nador et al., 2007; Issawi and Osman, 2008; Pickford et al. 

2008). Moreover, Wanas et al. (2009) indicated that humid tropical environments 

prevailed in time between 11 and 10Ma, as evidenced by the abundance of vegetation and 

the presence of clays and fossil bones within karst caves in Bahariya and Farafra, 

Western Desert. Also the discovery of Late Eocene-Oligocene vertebrate and reptile fauna and 

tropical flora in the nouth Fayium and between Bahariya and Farafara documents such climates 
(Issawi and Osman, 2008).. 

The prominent of griked carbonate surface, cone karst, solution flutes 

(rillenkarren) features in paleosurfaces S1 and S2 document fluvio-karst landscape during 

tropical conditions. This type of karren field shows similarities to other tropical karrens 

(Grim, 2012), including shiny and stone forests. The presence of grooved  and polished 

surfaces in many areas  may explain  a humid and cold climate. The  arrangement  of  

flutings parallel to the  paleochannel , which give the direction of fluvial flow, providing 

the paleochannel trend is close to the fluvial-flow direction, are probably a product  of 

fluvio- karst erosion. Additionally, the overburden fluvial sands and gravels played an 

important role in karstification processes. The paleosurface 2 is mantled by 

unconsolidated fluvial materials, in which karstification and collapse processes below the 
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fluvial sediments appears to be active. Paleodolines development were coeval to fluvial 

deposition, as demonstrated by synsedimentary deformational features  such bed 

thickenings, centripetal dips dominating the rim of paleodolines, and other deformational 

structures towards the depocenter of the paleodoline. 

Interaction between sagging structures (Tewksbury et al. (2017), tectonics and 

karastification is also common. S2 surface is incised by fluvial channels, infilled by sands 

and gravels. The main geometry of channels follow WNW-ESE and NNW-SSE trending 

of both sag synclines , joints and fault lineations. This indicates that this structural control 

favored the circulation of water downward and the subsequent dissolution of limestone. 

Moreover, the arrangement of flutings with striations and the abundance of rillenkarrens 

(parallel to the fluvial flow of paleochannels), is also influenced by location of the 

bedrock sag synclines, faults, fractures trends and lineaments,  and  is probably evolved 

as tectono-fluvio karst. Additionally, other surface karst features including karst cones, 

shafts and grikes are also arranged in two main directions coincided with the 

aforementioned  tectonic trends. Moreover, many paleodolines boundaries are controlled 

by faults that show the aforementioned regional trends, which suggest strong control by 

the previous structural pattern. Moreover, the subsurface solution forms (caves and 

caverns) are well developed along subsurface joints and bedding planes, and are also 

conformable with stratigraphic contacts of different limestone lithofacies. Also sagging 

synclinal folds of Tewksbury et al. (2017) play an important role in karstification process. 

Their troughs often form the main drainage underground pathways and paleodoline 

formation. Also in some places these synclines acted as wet pools in which surface water 

and rainfalls were collected,  and the water became more corrosive than the flowing 

sheet, because in stagnant water carbon dioxide from decaying  algae and other plant 

debris are accumulated (White, 1988). Moreover the subsurface solution forms (caves 

and caverns) are well developed along subsurface joints and bedding planes, and are also 

conformable with stratigraphic contacts of different limestone lithofacies. 

Subsidence caused by suballuvial dissolution of limestone bedrock generates closed 

depressions (alluvial dolines) , and can pose hazards to urban areas (.Asuncion Soriano et 

al., 2010; Gutiérrez et al. 2010; Parise,2010 ).  Such subsidence affects, both the alluvial 

cover, and the limestone bedrock, due to the sinking process and dissolution at the 

alluvial-bedrock contact, and produces shallow bending of edges, and collapse scarp-

edged paleodolines (.Luzón, et al., 2008). In addition to the sinking process, the 

downward migration of detrital sediments through dissolution fractures and cavities may 

be involved in the subsidence phenomena, and accelerates the slow and gradual 

enlargement of paleodoline (Gutierrez and Gutierrez 1998). This type of alluvial 

paleodoline and associated subsidence hazards are widespread in  Palaeozoic limestone in 

England and Wales (Gutiérrez et al., 2008; Waltham et al., 2005), and in the Cretaceous 

Edwards Limestones, Central  Texas (Brian, et al.,2013 ). In the investigated area the 

most hazardous zone is buried paleodolines which developed along gravel-dominated 
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braided fluvial valleys that overlying karstified limestone rocks, In this area if 

karstification processesare still active the overlying  fluvial deposits can themselves be 

deformed by ongoing synsedimentary karst-induced landsubsidence due to downward 

migration through dissolution pipes and cavities. Generally, the hazard is very harmful, if 

the human activity and development are concentrated on these areas. Although the 

genesis of paleodolines is nowadays in an inactive state due to the present-day arid 

climate of the West Sohag, but if agricultural development projects are established on the 

plateau, the ground water leakage due to land irrigation may lead to the current 

dissolution of the rockhead of the limestone, and mobilization of detrital materials, 

causing subsidence features, and damage after the construction projects (Fig. 12). In this 

instance, building homes and other man-made structures including Sohag-Aswan 

highways, which recently build over 20m thick sands and gravels of the infilled 

paleodolines may be affect by damage (cracking or subsidence) over a longer period of 

time, due to slow subsidence of the  limestone terrains (Kochanov, 1999;  Waltham, 

2008).  Additionally, the presence of dissolution and subsidence features that exposed in 

the adjacent cuttings of Sohag-Aswan highways, some of which display cavities beneath 

the highway.  

 Finally, geohazards developed in the soluble rocks that related to karst features 

cause significant engineering problems and environmental risks (Waltham et al., 2005; 

Brian et al., 2013). The decision and the selection of suitable planning of land uses and 

urban development in these areas will need the understanding of the mechanism of 

formation of these geohazards and their impacts.  This leads to detect the intensive 

karstified areas and the associated dissolution features and their affect in the stability of 

infrastructure, including buildings and roads. 
 

Summary and conclusions 
The  West Sohag Eocene plateau lies parallel to the western bank of Nile River and is 

mainly capped  by  Early Eocene carbonate rocks of Thebes and Drunka formations, 

overlain by Late Oligocene-Miocene  coarse siliciclastics of Katkut Formation. The later 

fluvial deposits formed by Pre-Eonile paleorivers flows coming from the S and SE 

uplands source areas. These active regional groundwater in addition with water stored in 

the permeable fluvial cover increased dissolution rates of Eocene limestone and enhanced 

the rate of karstification, as paleoerosional surfaces and paleodolines. 

The sedimentological study of the Katkut (fluvial) deposits has identified several 

sedimentary facies generated in a braided fluvial system: gravel bars , gravel-filled 

channels , channel-fill and sheets sands  and overbank fines . Also other   architectural 

elements are locally recognized like sediment gravity flow deposits , disorganized gravels 

with slumps, gravel lobes , together with U-shaped deposits, in addition with tilting, and 

faulting are also common. The current study proves that these features are related to 

collapses and evidences of syn-sedimentary deformation have affected the fluvial 

deposits due to dissolution of the underlying limestone. 
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 Several different stages in the karst evolution can be summarized as follow:  sagging 

synclinal limestone topography conditioned the location of sinking centers where 

dissolution took place and the formation of paleodolines that were initially filled with 

collapsed Eocene rocks and subsequently by disorganized gravels of fluvial cover 

showing tilting towards the centre of the paleodolines. Later on the paleodolines acted as 

lake areas and were progressively filled, exhibiting features of syn-sedimentary 

deformations revealing the existence of several stages of subsidence. Finally, non-

deformed fluvial gravels mark the end of the karstification process. 

The causes that control the paleoerosinal surfaces and paleodoline development can 

be summarized as follows: 1) presence of thick bedded, soluble and highly karstic limestone 

rocks of Drunka Formation with low terrigenous content. 2) Structural control through 
intersecting joints, factures and  lineaments which increase the permeability and permit continued 

penetration of surface  water downwards which lead to the formation of surface and subsurface 
solution karst features. Additionally,  the distribution of paleodolines in the region was influenced 

by sagging synclines, conditioned the location of sinking centers where preferential 

dissolution and later suffosion took place. 3) The overburden gravels and sands constitute a 

source of flowing  groundwater  that  dissolves  the limestone at  the bedrock-fluvial  contact. 4) - 
Humidity in the past was prevailed in the region during karstification process, is documented by 
the predominance fluvio-karst features and other dissolution features and associated fluvial 

sediments. 

The most common types of hazards associated with karstified limestone terrains 

are buried paleodolines,.. These fluvial-filled paleodolines are non stable,and record 

synsedimentary dissolution subsidence. There is no evidence of such paleodolines at the 

ground surface, their presence is revealed by geophysical prospecting and trenching 

techniques. These tools are useful and important in determining paleodoline reactivity 

due to karstification continues in the underlying bedrock leading to ground movement 

and  subsidence due to the continued dissolution and down-washing.  
 

Finally,  the well known and the understanding of  characteristics  and occurrences of 

the active paleokarst features in these karstic areas is useful to detect and map the prone 

areas that might be at risk for surface subsidence and collapse, as well as in explaining  

the causes of damages and engineering problems in these  areas. 

. 
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