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ABSTRACT 
The Cenomanian Galala Formation is composed of a thick mixed siliciclastic-carbonate facies outcropping in the 

north Eastern Desert, Egypt. It was deposited on a passive continental margin of southern Tethys. It displays a lateral 
facies changes in the form of a homoclinal ramp that is divided into two environmental settings; proximal and middle ramp. 
The proximal ramp is characterized by the silicclastic-dominanted coastal marine shoreface to peritidal facies and the 
mixed siliciclastic-carbonate intertidal-supratidal facies. The middle ramp includes three facies types; the peritidal, shallow 
subtidal and deep subtidal facies. The facies distribution on the middle ramp points out to that the ramp was drowned 
under the effect of local tectonic subsidence due to the east-west Tethyan tectonic movements during the Jurassic rifting 
forming an intra-ramp basin at the Southern Galala. The dominance of the carbonate facies in the northern part of the study 
area reflects that it was subjected to structural uplifting under the effect of the Syrian Arc System to form a carbonate 
buildup at Gebel Ataqa.    
 

INTRODUCTION 
Ahr (1973) defined the ramp as a carbonate platform that is characterized by having no pronounced break in slope 

from the coastline to the deep water. Markello and Read (1981) subdivided the ramp system in southeast Virginia 
Appalachian into three zones; the peritidal carbonate platform (shallow subtidal to supratidal), shallow ramp (ooid sand 
shoal, above the fair weather wave base) and deep ramp (ribbon limestone lithotope, below the fair weather wave base). 
Read (1985) gave two types of ramps; the homoclinal and the distally steepened ramp. He (op.cit) stated that the lack of the 
reefs is a characteristic feature of ramps. Wright (1986) classified the carboniferous ramp of South Wales into three zones; 
the inner ramp zone dominated by oolitic grainstones and peritidal facies, the mid ramp zone of bioclastic limestones 
below the fair weather wave base and the outer ramp zone that consists mainly of muddy bioclastic limestones developed 
below the storm wave base. Burchette and Wright (1992) subdivided the carbonate homoclinal ramp environments into 
three settings; the inner ramp (shoreface, sand shoals or organic barriers and peritidal facies deposited above the fair-
weather wave base), the mid-ramp (between the fair weather wave base and the storm wave base) and the outer ramp 
(below the storm wave base). Tucker et al. (1993) categorized the carbonate ramps into three regions; the back ramp, 
shallow ramp and the deep ramp. Keller (1997) documented that the homoclinal ramp facies are dominated by tidal flat 
deposits with oolitic shoals and bioclastic limestones.  

The Galala Formation (Cenomanian) represents a ramp model that displays a change in facies from south to north. 
It occurs in dissected localities, in the north Eastern Desert, separated by east-west faults as found in Gebel El-Zeit, 
Southern and Northern Galalas, Gebel Ataqa and Gebel Shabraweet. In spite of the Galala Formation was studied in detail 
by numerous geologists concerning the sedimentological and paleontological (e.g. El-Akkad and Abdallah 1971; Al-Ahwani 
1982; Metwally et al. 1995; Abdel Shafy et al. 2002; Khalifa and Kandil 2004, Abdel Gawad et al. 2007, Khalifa and El-Ayyat 
2007 and El-Ayyat and Khalifa 2010), the regional vertical and lateral facies changes associated with tectonic movements 
still need more investigation. 

The main aims of this study are: 1). to determine the lithofacies distribution of the Cenomanian Galala Formation 
from south to north to predict the changes in depositional environments. 2). to suggest the depositional evolution of the 
ramp facies of the Galala Formation; 3). to reconstruct the paleo-tectonic configuration, dominated meanwhile the 
sedimentation period during the Cenomanian time. 4). to propose the depositional history of the Galala Formation.  

 
Geological Setting 

The north Eastern Desert of Egypt is situated at the northern edge of the African-Arabian Craton and was subjected 
to tectonic movements during the Late Cretaceous-Early Tertiary by east-northeast-oriented dextral wrench faulting (Kuss 
et al. 2000). Alpine Orogeny was a consequence of the collision between the African and European plates. It was resulted in 
the closure of the Tethys and development of an overall pulsed compressional regime across North Africa from mid 
Cretaceous to recent time (Bosworth et al. 1999). The Syrian Arc system may be considered as a phase of the Alpine 
Orogeny that affected the Upper Cretaceous sediments in the Eastern Desert. The Upper Cretaceous sedimentary rocks in 
the northeastern Desert of Egypt were affected by the Syrian Arc System that dominated from Late Cretaceous up to the 
Early Tertiary times (Guiraud and Bosworth 1997 and Bosworth et al. 1999). The anticlinal folding structures that 
characterize the Syrian Arc fold belt were formed during the closure of the Neo-Tethys as a result of the convergence of the 
African and Eurasian plates. It was affected by the reactivated deep-seated faults that dominated during Late Triassic-Early 
Jurassic, accompanied with the opening of the Neo-Tethys (Kuss 1992 and El-Hawat 1997).  
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In general, it is accepted that the major tectonic movements were started in the Late Cretaceous, but the timing of 

first compressional pulses is a subject of many debates among geologists, that may range from Cenomanian to Campanian. 
Differential subsidence along reactivated deep seated faults during the Late Cenomanian in the north Eastern Desert may 
correspond with similar structural features in other adjacent localities in Sinai (Bauer et al. 2003) and in northern Africa 
(Camion 1991).  

The Cenomanian facies in Egypt were deposited under two realms on the continental passive margin; the southern 
realm (or southern facies belt) and the northern realm (or northern facies belt). The southern realm is represented by the 
deposits on the southern part of the passive margin; this may equivalent to the stable shelf of Said (1962) that includes the 
siliciclastic facies of the Maghrabi Formation (Barthel and Hermann-Degen 1981) in the in south Western Desert (Dakhla 
and Kharga Oases), the Bahariya Formation (Said 1962) in the north Western Desert and the Raha Formation in southern 
Sinai (Ghorab 1961). The northern realm is manifested by the mixed clastic-carbonate facies that deposited on the northern 
part of the passive margin; this may equivalent to the unstable shelf of Said (1962). This realm includes Abu Roash 
Formation (Norton 1967) in the north Western Desert and the Halal Formation in north Sinai (Said 1971) 

The Cenomanian Galala Formation covers part of the southern facies belt at Gebel El-Zeit and Southern and 
Northern Galalas, where it consists mainly of silicilclastic-dominated facies. Gebel Ataqa and Gebel Shabraweet lie within 
the northern facies belt, where the carbonate facies dominated over the siliciclastics with a marked increased thickness 
(Fig.1). 

 

 
Fig.1: A simplified and location map of Egypt shows the distribution of the stable and unstable shelves and the position of the studied sections 

within them. Notice: the heavy dashed line marks the separation between the stable and unstable shelves. 

 
Methods of Study 

To accomplish the target of this study, the following steps were executed: 1). a detailed field work was carried out, 
including measuring, describing, sampling, constructing litho-graphic logs and checking the boundaries between the rock 
units of five representative outcrops covering the study area from south to north; Gebel El-Zeit, the Southern Galala, the 
Northern Galala, Gebel Ataqa and Gebel Shabraweet (Fig.1). 2). a total of about 850 rock samples were collected from these 
measured sections. 3). the vertical and lateral lithofacies changes of the exposed rocks were traced from the southern to 
the northern part of the study area. 4). the macrofossils encountered within the studied succession were identified in order 
to recognize the possible depositional environments of the Galala Formation. 5). more than three hundreds thin sections 
representing the different types of indurated rocks were selected, prepared and examined under the polarizing microscope 
for their composition, texture, macro- and microfaunal assemblage. Selected thin sections were stained with Alizarin Red-S 
and Potassium Ferricyanide following the method outlined by Dickson (1966), in order to differentiate between the 
carbonate minerals and to delineate the ferroan and non-ferroan dolomite. 6). twenty five samples were analyzed using the 
Scanning Electron Microscope (SEM) in order to elucidate their petographic criteria and textural relationships.  

 



 3 

FACIES ANALYSIS 
 
Proximal or Inner Ramp Facies: 

The inner ramp is the zone above fair-weather wave-base, where wave and current activities are almost continued 
(Reading 1996). The proximal inner ramp setting is typified by the coastal marine shoreface clastics to peritidal mixed 
clastic-carbonate facies of Gebel El-Zeit in the extreme southern part of the study area (Fig.2). The non-fossiliferous 
clastics (sandstone, siltstone, and claystones) form more than 50% of the total thickness of the Galala Formation exposed 
at Gebel El-Zeit. This environmental zone comprises two main dominant facies association that repeated vertically 
throughout the formation, the siliciclastic and mixed clastic-carbonate facies. A legend for the rock types, recognized 
constituents and sedimentary structures of the measured sections is given in Fig.3. 

Siliciclastic-dominated facies: 
The siliciclastic-dominated facies builds up the lowstand systems tracts (LSTs) of the Galala Formation at Gebel El-

Zeit. Such facies indicates a lowering in sea level and hence suggests proximal inner ramp facies. It includes two types of 
facies; the coastal marine shoreface and the peritidal facies.  

Coastal marine shoreface facies: This facies includes unfossiliferous coarse-grained sandstones in form of 
ferruginous, siliceous and dolomitic quartz arenites (Fig.4A-C). These sandstones are sometimes cross-laminated and 
most likely massive. The paucity of primary sedimentary structures and the absence of the biotic constituents, in addition 
to the coarse-grained texture point to shoreface environment as a transitional setting between the subaerial exposure and 
the shallow marine peritidal affinities (Olsen et al. 1999). The presence of cross-lamination in some layers indicates high 
energy shoreface environment (Nishikawa and Ito 2000). The scarcity of terrigenous mud is supportive of the nearshore 
coastal plain environment not far from land (Harris et al. 1997). The ferruginous, siliceous and dolomitic cements suggest 
deposition in a shallow nearshore environment with intermittent subaerial exposure (Khalifa and El-Ayyat 2007). 

Peritidal facies: The Peritidal facies comprises supratidal swamp and marshes facies, supratidal-intertidal facies, 
and intertidal sand bars facies. 

The supratidal swamp and marshes facies is mainly building up of fining-upward cycles at the uppermost part of 
Gebel El-Zeit. It consists of very shallow marine restricted siliciclastic sediments that are represented by calcareous and 
non-calcareous claystone, ferruginous quartz arenite and ferruginous sub-litharenite that are enriched in plant remains 
(Fig.4D). The lack of preserved marine biota and the absence of organic sedimentary structures (i.e. bioturabation) indicate 
a sheltered supratidal environment with a restricted circulation and elevated salinities (Elrick 1995). The plenty of plant 
remains reflects a vegetated swampy supratidal facies (Bauer et al. 2001 & 2003).  

The supratidal-intertidal facies comprises the unfossiliferous claystone, glauconitic claystone, sandy glauconitic 
siltstone and flaser-, lenticular-bedded, inclined to vertical-burrowed sandstones with plant remains and wood stems 
(ferruginous, dolomitic, siliceous and evaporitic quartz arenites and glauconitic dolomitic litharenite) (Figs. 4E& F). The 
prevalence of quartz arenites characterizes the intertidal-supratidal settings of the inner ramp environment (Burchette and 
Wright 1992 and Schuzle et al. 2005). The sandy glauconitic siltstone and glauconitic sandstone indicate intertidal facies 
with normal salinity and slow rate of sedimentation (Genedi 1998 and El-Araby 2002). The vertical burrows characterize the 
intertidal substrate (Braithwaite and Talbot 1972 and Mansour et al. 2001). The rarity of carbonate fossils implies unfeasible 
ecological conditions for flourishing of organisms; such conditions prevail in high saline environment close to supratidal-
intertidal affinities (Olsen et al. 1999). The accompaniment of the plant remains and the burrowing indicates that this facies 
was deposited in peritidal affinities with very shallow water depth close to the shore-beach realm. The occurrence of wood 
stems indicates a supratidal realm (Bauer et al. 2003). The presence of flaser and lenticular bedding suggests shallow 
intertidal sedimentation (Elrick and Read 1991). The clastic supratidal-intertidal facies of the present study is equivalent to 
the facies association-A of Wanas (2008) described from the Cenomanian of Sinai, Egypt. 

The intertidal sand bars facies is represented by the planar cross-bedded and rippled sandstones that have been 
exposed in Gebel El-Zeit. Petrographic analysis indicates that the intertidal sand bars environment comprises one class of 
lithofacies; the ferruginous quartz arenite. The planar cross bedding in quartz arenite indicates high energy sedimentation 
on tidal bars (Khalifa and El-Ayyat 2007). The cross-bedded sandstones were interpreted to be deposited in intertidal suite 
(Elrick and Read 1991). The cross bedding and ripple marks sedimentary structures denote high energy intertidal sand bars 
(Blatt 1982). Similar facies were described and interpreted by Lüning et al. (1998a) and Mansour et al. (2001) to be belonged 
to the intertidal sand bar facies.  

2-Mixed siliciclastic-carbonate facies: 
The mixed siliciclastic-carbonate facies is represented by shallowing-upward cycles, each of which commences 

with green claystone and ends with sandy-ferroan dolomicrite and dolosparite (Figs. 4G&H). Such type of cycles occurs in 
the transgressive systems tracts of Gebel El-Zeit, whereas the ferroan dolomicrite forms the most cycle caps. Such facies 
indicates intertidal to supratidal settings, in which the Mg ions are available for dolomitization with association of iron 
oxides that came from the near hinterland. Dolostone exhibits an inner ramp setting (Read 1980 and Keller 1997). Burchette 
and Wright (1992) revealed that the dolomitization is the most prominent diagentic feature on the shallow ramp. 
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Fig.2: Vertical distribution of the lithologic characteristics, microfacies associations, depositional environments and depositional cycles 

of the Galala Formation at Gebel El-Zeit. 
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The mixed siliciclastic-carbonate inner ramp facies of the Galala Formation can be correlated with the shallow 
marine inner ramp facies of the Upper Albian-Cenomanian rocks of Areif El-Naqa area, northeast Sinai, Egypt (Lüning et al. 
1998a). 

 
Fig.3: Legend for the rock types, recognized constituents, sedimentary structures and depositional cycles of the measured sections. 

Middle ramp:  
The mid ramp is the zone between the fair weather wave base and the storm wave base (Burchette and Wright 1992). 

This zone is characterized by the mixed siliciclastic-carbonate facies in the central part of the study area at the Southern 
and Northern Galalas and the carbonate-dominated facies in the northern part at Gebel Ataqa and Gebel Shabraweet (Figs. 
5-8). 

The lateral and vertical facies distribution on the mid ramp of the Galala Formation indicates that the ramp was 
drowned under influence of rapid pulses of local tectonic subsidence and maximally flooded in the central part of the study 
area forming a structural low (intra-ramp basin) at the Southern Galala. This structural low is most probably formed during 
the Triassic-Jurassic rifting process. Extension in most Mesozoic rift began at the end of the Permian, continued through 
the Triassic and the accelerated during the Jurassic in parallel with the opening of the western Tethys Ocean and the North 
Atlantic. This led to the development of north-northeast to northeast elongated rift basins on both sides of the Atlantic 
rifted zone (Guiraud et al. 2001). This opinion is contradicted with Kuss et al. (2000) as they considered the Galala Plateaus 
were affected by the Syrian Arc system. This is due to the absence of anticlinal structures that characterized the Syrian 
folding system. The Northern Galala exhibits shallower facies than the Southern Galala owing to the increment of 
dolostone. The gradual decrease in claystones and the spreading of the carbonate facies northwards indicates that the 
northern part of the study area has undergone a structural uplifting formed by the Syrian Arc System that results in 
evolution of a structural paleohigh (i.e. carbonate buildup) at Gebel Ataqa.  

The cyclic sequence of the mid ramp of the Galala Formation comprises pure clastic, pure carbonate and hybrid 
clastic-carbonate shallowing-upward cycles. Such cyclic sequence elucidates that the period of the deposition of the 
Galala Formation is characterized by oscillation as evidenced by alternating shallower and deeper marine sediments. The 
mid ramp environment of the Galala Formation includes three facies types; the peritidal, shallow subtidal and deep 
subtidal.  
 

1- Peritidal facies 
Supratidal-shallow intertidal flat facies: It is the most common facies among the studied rocks. It is represented by 

the dolostones of the Southern and Northern Galalas, Gebel Ataqa and Gebel Shabraweet (mostly in the highstand systems 
tracts). These dolostones always cap the shallowing-upward cycles, which are based by low intertidal and subtidal facies. 
Two types of dolostone are present; the first and more abundant is the fine-crystalline dolostone (dolomicrite) (Fig.9A), 
while the second is the coarsely-crystalline dolostone (dolosparite) (Fig.9B). The fine-crystalline dolostones (dolomicrites) 
are originated during the early diagenetic events by the contemporaneous dolomitization of the precursor lime mud in the 
supratidal-shallow intertidal realm during a regressive phase (Al-Aasm and Packard 2000 and Lonnee and Al-Aasm 2000). 
The birdseyes (fenestral fabric) are detected within some dolomicrites (Fig.9C). Their presence suggests deposition in 
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peritidal environment (Shinn 1983). Similar facies was described from the "Dolomite Member" of the Abelgas Formation, 
Cantabrian Mountains, northern Spain by Keller (1997). The coarsely-grained dolostone (dolosparite) refers to late 
diagenetic dolomitization of the precursor dolomicrite in mixing meteoric-marine water during a progressive sea-level fall 
(Warren 2000).  

 
Fig. 4: A. Thin-section photomicrograph showing the ferruginous quartz arenite that consists of quartz grains cemented by iron oxide. 

Gebel El-Zeit. Ordinary light. B. Thin-section photomicrograph showing the dolomitic quartz arenite of the upper part of Gebel El-
Zeit. Crossed polar light. C. Thin-section photomicrograph showing the siliceous quartz arenite. Notice: the silica overgrowth 
around the quartz grains (ov). Gebel El-Zeit. Crossed polar light. D. Thin-section photomicrograph showing the rooted 
ferruginous sub litharenite that is composed of quartz grains (q) and plant roots (pr) embedded in a ferruginous material. Gebel 
El-Zeit. Ordinary light. E.  Thin-section photomicrograph showing the evaporitic quartz arenite that is composed of subrounded 
to subangular quartz grains cemented by fibrous evaporitic material. Gebel El-Zeit. Crossed polar light. F. Thin-section 
photomicrograph the glauconitic dolomitic litharenite lithofacies. It consists of quartz and glauconite grains cemented together 
by the planar, zoned dolomite cement. Gebel El-Zeit. Crossed polar light.  G.  SEM image showing a general picture of the ferroan 
dolomicrite lithofacies, in which the planar dolomites (d) are embedded in the ferruginous cement (fe) that shows black color. 
Gebel El-Zeit. H. Thin-section photomicrograph showing the sandy dolomicrite lithofacies. This lithofacies is composed of finely-
crystalline, anhedral to subhedral dolomites (d) and quartz grains (q). Gebel El-Zeit. Crossed polar light.  

 

Mid-deep intertidal flat facies: Mid-deep intertidal facies is represented by the dolomitic limestone facies. It includes 
the dolomitic lime mudstone of Gebel Ataqa and Gebel Shabraweet, dolomitic molluscan wackestone of the Northern 
Galala, Gebel Ataqa and Gebel Shabraweet (Fig.9D), dolomitic echinoidal wackestone of Gebel Shabraweet (Fig.9E) and the 
dolomitic algal bioclastic packstone of Gebel Ataqa (Fig.9F). Generally, the dolomitic limestone indicates an intertidal 
realm. The dolomitic lime mudstone is chiefly massive and bioturbated in few horizons. It is composed of dolomitic lime 
mud matrix with exceptional amount of shell debris, peloids, intraclasts, birdseyes and detrital quartz. The combination of 
the previous characteristics reflects deposition in a deep intertidal realm (El-Dawoody and Aboul Karamat 1993).  
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Fig.5: Vertical distribution of the lithologic characteristics, microfacies associations, depositional environments 

and depositional cycles of the Galala Formation at the Southern Galala. 
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Fig.6: Vertical distribution of the lithologic characteristics, microfacies associations, depositional environments and depositional 

cycles of the Galala Formation at the Northern Galala. 
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Fig.7: Vertical distribution of the lithologic characteristics, microfacies associations, depositional environments and  

depositional cycles of the Galala Formation at Gebel Ataqa. 
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 Fig.8: Vertical distribution of the lithologic characteristics, microfacies associations, depositional environments and 

depositional cycles of the Galala Formation at Gebel Shabraweet. 
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Fig.8 Continuous  
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The allochems of the dolomitic wackestone and packstone are mostly dolomitized oysters, echinoderms with subordinate 
amount of ostracod shells, dasycladacean green algae, peloids, ooids and intraclasts. The presence of massive 
dolomiticwackestone and packstone enriched in diversified allochems implies open marine mid-deep intertidal flat facies 
with low energetic conditions (Lüning et al. 1998b). Similar facies was identified from the low-mid intertidal flat of the 
Cenomanian Halal Formation of Gebel Halal, north Sinai, Egypt by El-Araby (2002).  

 
Fig. 9: A. Thin-section photomicrograph showing the dolomicrite lithofacies. The rock is composed of euhedral dolomitic rhombs 

embedded in a microcrystalline calcitic matrix. The Northern Galala. Ordinary light. B. Thin-section photomicrograph showing 
hypidiotopic to idiotopic dolomites with cloudy centers, forming the dolosparite lithofacies. Gebel Ataqa. Ordinary light. C. Thin-
section photomicrograph showing the birdseye dolomicrite. Notice: the elliptical, lensoidal or rounded birdseyes structures are 
filled with calcite and walled by dolomite rhombs. Gebel Ataqa. Ordinary light. D. Thin-section photomicrograph showing the 
dolomitic molluscan wackestone, in which the molluscan particles (bivalves and gastropods) have been replaced by planar, 
ferroan dolomite rhombs. These allochems are embedded in a micritic matrix. The Northern Galala. Ordinary light. E. Thin-
section photomicrograph showing dolomitic echinoidal wackestone. Notice: the hypidiotopic to idiotopic, zoned dolomite 
rhombs replace both the matrix and the echinodermdal fragments. Gebel Shabraweet. Ordinary light. F. Thin-section 
photomicrograph showing the dolomitic algal bioclastic packstone. It is made up of oyster, echinodermal and algal fragments. 
The algal particles are represented by Trinocladus tripoliatus Raineri (T) and Acroporella sp. (Ac). Gebel Ataqa. Ordinary light. G. 
Thin-section photomicrograph showing the oncolitic packstone. The allochems are formed of algal oncolites, bioclasts and 
peloids embedded in a lime mud. The Southern Galala. Ordinary light. H. Thin-section photomicrograph showing the molluscan 
peloidal packstone. The particles are mainly formed of bivalvian (bi) and gastropods (ga) besides the peloids (pe) and shell 
debris embedded in a micritic matrix. Gebel Shabraweet. Ordinary light.  

 

2- Shallow subtidal facies: 
Restricted lagoonal facies: The protected lagoonal facies of the Galala Formation is represented by the fossiliferous 

marl, lime mudstone, oncolitic packstone and the molluscan peloidal packstone. The presence of the micritic matrix 
indicates that the wave and current action were not strong enough to hinder the accumulation of micrite, therefore it 
reflects deposition in a restricted lagoonal environment.  
           The fossiliferous marl is recognized from several levels at the middle parts of the Northern Galala and Gebel Ataqa. 
These marls are massive and enriched in molluscs. The lime mudstone is considered as the most common widely 
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distributed lagoonal subtidal facies. It is repeated vertically throughout Gebel Ataqa and Gebel Shabraweet (transgressive 
and highstand systems tracts). Also, it was identified from few beds near the middle part of the Northern Galala. It mostly 
exhibits no sedimentary structures. The oncolitic packstone is confined to one bed at the uppermost part of the Southern 
Galala, at which the allochems are dominated by algal oncoids, pelecypods, green algae, ostracods, miliolids and peloids 
(Fig.9G). The molluscan peloidal packstone occurs at the lower part of Gebel Shabraweet, whereas the rock is bioturbated 
with horizontal burrows. The bulk of this rock is made up of peloids, molluscs, echinoids, green algae, ostracods and 
miliolids (Fig.9H). The fossiliferous marls indicate deposition in low energy restricted shallow marine environment (Bauer 
et al. 2003). The massive nature of these rocks designates shallow marine restricted conditions. The homogeneous, 
scarcely fossiliferous, non-laminated lime mudstone accumulates in a restricted shallow subtidal marine environment of 
high salinity, probably lagoon (Sanders and Höfling 2000). It is corresponding to the standard microfacies association SMF-
23 of Wilson (1975) and MFT-4a of Lakew (1990). The oncolitic-algal-miliolidae-ostracodal-peloidal facies points to lagoonal 
environments (Enos 1983; Kuss and Malchus 1989 and Bauer et al. 2002). The low-energy lagoonal environments are 
dominated by the green algae (Wray 1977).  

The existence of ostracods is an indicator about a restricted shallow subtidal environment (Aurell 1991). The 
oncolitic packstone facies association is equivalent to SMF-22 of Wilson (1975). The lagoonal facies includes bioclastic, 
peloidal packstones that dominated with miliolids, calcareous algae, gastropods, ostracods and micrite cement (Pomar 
2001 and Khalifa et al. 2004). The peloidal facies is common in the quiet, shallow marine restricted lagoonal environment 
with slow sedimentation (Tucker and Wright 1990 and Evans et al. 1995). Such facies is consistent with SMF-19 of Wilson 
(1975). 

Restricted shoal facies: The restricted shallow subtidal shoal facies of the Galala Formation includes two 
microfacies; the peloidal echinoidal and oolitic peloidal grainstones. They are building up two thin beds at the lower part of 
Gebel Shabraweet. Petrographically, the rock is composed of allochemical constituents embedded in sparry calcite 
cement. The allochemical components are composed mainly of peloids, oolites, echinioids, molluscs, miliolids, intraclasts, 
bryozoa and ostracoda (Fig.10A). The restricted shoals are developed within the mid ramp setting (Bádenas and Aurell 
2001 and Puga-Bernabéu et al. 2007). The bioclastic-oolitic-peloidal grainstone of the studied facies is interpreted to 
represent a submarine patchy carbonate shoals locally developed in a high energy, shallow subtidal regime of an interior 
shelf lagoon along its landward area. During the re-deposition in the shoals, the reworked patricles (skeletal grains and 
peloids) were surrounded by the superficial ooid coatings (Lüning et al. 1998a). The skeletal oolitic-peloidal grainstone 
facies is deposited in current or wave-agitated shallow subtidal environments (Wilkinson et al. 1997). The oolitic-peloidal-
intraclastic grainstone is deposited in agitated, shallow subtidal water as low-relief shoal (i.e. restricted shoal) (Tucker et al. 
1993, Luning et al. 1998b and Hofmann et al. 2004). The high diversity of allochems (echinoids, bryozoa, mollusca, peloids, 
ooids and intraclasts) embedded in a sparry calcite cement points to an influence of shallower and more agitated water, 
probably shoal area (Wilson 1975 and Flugel 1982). Such grainstones are equivalent to SMF-16 of Wilson (1975).  

 
Open marine shallow subtidal facies: 
 The open marine shallow subtidal facies is characterized by highly diverse fossil assemblages. It is represented by 

the fossiliferous claystone, limestone and dolomitic limestone. The open marine shallow subtidal green claystones are 
recognized from the Southern and Northern Galalas, Gebel Ataqa and Gebel Shabraweet, where they build up the base of 
the shallowing-upward cycles. They are dominated by bivalves (mainly oysters), gastropods and echinoderms. The 
ammonites are distinguished only from the Southern Galala. The open marine shallow subtidal limestones are represented 
by the molluscan-echinoidal wackestone, bioclastic foraminiferal wackestone, foraminiferal molluscan packstone and 
ostracoda molluscan packstone (Figs.10B-D). The molluscan-echinoidal wackestone is recorded only from Gebel 
Shabraweet, whereas they are made up of micritic matrix, skeletal components (oysters, echinoids, ostracods, gastropods, 
large foraminiferal grains and phosphatic bone fragments) and glauconite pellets. The bioclastic-planktonic foraminiferal-
molluscan wackstones and packstones are distinguished from the Northern and Southern Galalas. The dolomitic 
limestones of the open marine shallow subtidal comprise the dolomitic algal bioclastic packstone and dolomitic peloidal 
packstone that were recognized from the Southern Galala (Figs.10E&F).  

The presence of claystones and limestones enriched in different varieties of fossils suggests deposition in an open 
marine shallow subtidal environment with normal salinity (Gawthorpe 1986). The green claystones that contain megafossils 
(molluscs and echinoids) indicate a shallow subtidal environment (Khalifa and Kandil 2004) with deeper conditions at the 
Southern Galala due to the presence of ammonites. The occurrence of echinoids and oysters in a micritic matrix reflects a 
well-oxygenated, normal saline, open marine shallow subtidal environment (Lakew 1990). Consequently, these mud-
supported rocks denote a shallow subtidal environment with open circulation comparable to SMF-9 of Wilson (1975). The 
presence of nektonplanktonic ammonites (e.g. Neolobites) points to the interfingering of foreigner deeper ramp sediments 
with the dominated shallower marine deposits under the effect of wave action and high energetic currents (Bauer et al. 
2001). The presence of the globular planktonic forams (heterohelicid and hedbergellid) with absence of the keeled forams 
in the Northern and Southern Galalas suggest a shallow ramp environment (Grosheny and Malartre 2002). The lack of 
deeper marine rotaloporids in the Cenomanian rocks of the north Eastern Desert refers to a deep shallow subtidal 
environment with depth ranging from 50-100 m and open circulation (Ismail and Akarish 2000 and Kora et al. 2001b). 
Similar mid ramp facies was given by Youssef et al. (2002) to interpret the Late Paleocene-Early Eocene succession of the 
Southern Galala. They attributed the occurrence of the deeper marine fauna (e.g. planktonic foraminifera) within the 
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shallow ramp facies to the flooding periods during the deposition of their studied sequence. The high diversity of 
dolomitized allochems (oysters, echinoids, planktonic foraminifera, ostracods, green algae, algal oncolites and peloids) 
embedded in a micritic matrix indicates an open shallow marine environment with turbulence during deposition. These 
associations are equivalent to MFT-8 of Schulze et al. (2005). 

Oyster embankment facies: The oyster embankment facies is typified by the pilling up of large-sized oyster shell 
fragments in claystones and limestones. The lack of such embankments in Gebel El-Zeit is probably owed to high rates of 
clastic influx that exceed the biogenic accumulation and presence of relatively restricted conditions due to tightness of the 
depositional basin at Gebel El-Zeit. The oyster claystone embankments are recognized from the Southern and Northern 
Galalas and Gebel Shabraweet. These claystones are loaded with oyster debris (> 60%) and also enclose skeletal particles 
of echinoids, planktonic foraminifera, ostracods and ammonites in few horizons. The oyster limestone embankments are 
identified from the upper part of the Northern Galala. 

 

 
Fig. 10: A. Thin-section photomicrograph showing the oolitic peloidal grainstone that consists of echinodermal fragments (ec), oolites 

(oo) and peloids (pe). The cement between the allochems is sparry calcite crystals. Gebel Shabraweet. Ordinary light. B.  Thin-
section photomicrograph showing the molluscan-echinoidal wackestone. The rock consists of echinodermal particles (ec) and 
shell debris embedded in dark lime mud matrix. Gebel Shabraweet. Ordinary light. C.  Thin-section photomicrograph showing the 
bioclastic foraminiferal wackestone that is composed of oyster fragments and planktonoic forams scattered in a micritic matrix. 
The Northern Galala. Ordinary light. D. Thin-section photomicrograph showing the ostracoda molluscan packstone. The main 
allochems are the oysters, ostracods and planktonic forams. Notice: the clear calcite rims around the oyster particle. The 
Northern Galala. Ordinary light. E. Thin-section photomicrograph showing the dolomitic algal bioclastic packstone. It is built up 
of oyster, echinodermal and algal fragments. The algal particles may be Neomeris sp. (N). The Southern Galala. Ordinary light. F. 
Thin-section photomicrograph showing the dolomitic peloidal packstone. The allochems are represented by peloids, algal 
fragments, oysters and foraminiferal bioclasts scattered in a micritic matrix. Notice: the peloids are replaced selectively by 
dolomite rhombs from borders to centers. The Southern Galala. Ordinary light. G. Field photograph showing an oyster 
embankment in the limestone of the Galala Formation exposed at the Northern Galala. H.  Thin-section photomicrograph the 
sandy dolomitic glauco-arenite that consists of well-rounded green glauconite pellets, quartz grains cemented together by 
ferroan dolomitic cement. The Southern Galala. Ordinary light.  
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These limestones are massive tightly-packed packstones enriched in oyster shell hash (Figs.10G). Other bioclasts 

are mainly the echinoderms and ostracods. 
The co-existence of oysters and the foreigner planktonic foraminifera and ammonites in the oyster claystones of the 

Northern and Southern Galalas suggests deeper and high energetic conditions. Accordingly, oyster claystone embankment 
represents a skeletal biotope, developed by storm and waves in a deep shallow subtidal environment. The oyster limestone 
embankments represent biostormal banks since they have been formed by reworking processes under the effect of 
moderate to high energetic conditions and significant carbonate production in the shallow subtidal setting (Burchette and 
Wright 1992). The slightly restricted biota suggests that these banks represent shallow subtidal bioherms (Read 1980). The 
fragmentary nature of the oyster shells suggests turbulence during deposition (Harris et al. 1997). Aigner (1982) revealed 
that the large fossil lags embedded within mud matrix are a consequence of episodic storm induced erosion and re-
deposition. Such facies is analogous to SMF-12 of Wilson (1975). 
 
3- Deep subtidal facies: 

The deep subtidal facies is typified by the glauco-arenite. This lithofacies is recorded only from one bed (1 m) at the 
lower part of the Southern Galala. Rock belonging to this lithofacies is reddish green, sandy, dolomitic and ferruginated. 
They consist of green glauconite, quartz grains and phosphatic fragments cemented by ferroan dolomite cement 
(Figs.10H). The glauconites are probably produced as a result of alteration of different minerals (clay minerals, mica and 
feldspars) that provide K and Fe in a local reducing environment (Genedi 1998). The presence of glauco-arenite suggests 
that a deep subtidal condensed facies was formed under the effect of both the subsidence and the low sedimentation rates 
(Buchbinder et al. 2000). They were accumulated in an open marine deep shelf areas characterized by slow rate of 
deposition with anoxic conditions and upwelling currents (Harris et al. 1997 and El-Azabi et al. 1998). The authigenic 
glauconite is interpreted to be deposited in deep subtidal environments (Marquis and Laury 1989 and Mesaed 1999). Similar 
glauconitic arenite was recognized from the Cenomanian Galala Formation of the Southern Galala by Mansour et al. (2001). 

  

DEPOSITIONAL HISTORY 
The deposition of the Cenomanian rocks (Galala Formation) represents the first Late Cretaceous transgression in 

the north Eastern Desert (Mansour et al. 2001). Issawi and Osman (2000) reported that the Cenomanian transgression 
becomes shallower as going southward in the Egyptian territories. Ahmed (2004) stated that during the Late Cenomanian 
times, a marine transgression took place over a widespread shelf areas resulted in deposition of the Galala Formation in 
the north Eastern Desert in form of shallowing-upward cycles. The numerous oyster-bearing strata within the studied 
sequence of the Galala Formation reflect the evolving sea-level rise of the Cenomanian Sea which corresponds to the 
Tethyan-highstand. The Galala Formation was deposited during a long-term transgressive phase of the shallow 
Cenomanian Sea that is intermittent with short-term regressive periods. The Cenomanian transgression advanced 
gradually from the north to the south throughout the study area. The transgression of the Cenomanian Sea over the study 
area corresponds to the global sea-level rise of Flexer et al. (1986) except for the local tectonic periods. Kora et al. (2001a) 
revealed that the transgression of the Cenomanian Sea over the north Eastern Desert of Egypt is consistent with the global 
sea-level highstand of Haq et al. (1987) that have started from about 95.5 M.Y ago.  

The litho-, bio- and microfacies associations of the Galala Formation and their lateral facies change indicate that the 
sedimentary environment of the Galala Formation was that of a clastic-carbonate homoclinal shallow ramp setting as 
indicated by: 1) Lack of a detectable shelf break or slope facies.  2) Lack of a reefal margin. 3) The prevalence of the 
peritidal to open marine shallow subtidal facies. 4) A biological association dominated by bivalves, echinoderms, 
gastropods and ostracods. 5) The growth of discrete oyster embankments, which are flourished under the effect of the 
increasing in the rate of sea-level rise.   6) The currency of the transgressive and highstand deposits.     

The vertical and lateral facies variation of the Galala Formation monitors the gradual transition from the proximal 
inner to distal mid ramp settings (Fig.11). This ramp facies is divided herein into the following environments: 1) Inner 
and/or proximal ramp at Gebel El-Zeit. 2) Mid ramp at the Southern and Northern Galalas, Gebel Ataqa and Gebel 
Shabraweet. It exhibits an intra-ramp basin at the Southern Galala and a carbonate buildup at Gebel Ataqa. The Southern 
and Northern Galalas, Gebel Ataqa and Gebel Shabraweet were separated by the east-west faults. The east-west oriented 
faults were initially formed during the Late Triassic/Jurassic extension related to the drifting of the African/Arabian Plates 
away from the Eurasian Plate as a result of opening of the Neotethyan Sea (Hussein and Abd Allah 2001). The outer ramp to 
basin settings is not detected within the study area. They seem to have been encountered in the Cenomanian of northern 
Sinai, where they are represented by the subsurface, hemipelagic chalky facies (Ayyad and Darwish 1996).  

The facies changes and the variation of thickness of the shallow ramp deposits of the Galala Formation are 
depending mainly upon the sea-level changes and the synsedimentary local tectonic uplift and subsidence. In general, the 
seal-level rise is responsible for deposition of the subtidal facies. With lowering of the sea-level, the peritidal facies was 
deposited. The extreme sea-level drop leads to the development of the coastal plain shoreface clastics and subaerial 
facies. The sea-level rise of the Cenomanian Sea is also implied by the presence of oyster-bearing strata overlying the 
fluvial-fluviomarine clastic facies of the Early Cretaceous Malha Formation. A marked regression was recognized at the 
topmost part of the Galala Formation as evidenced by the precence of subaerial facies (i.e. caliche) at the topmost part of 
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Gebel El-Zeit, the Northern Galala and Gebel Ataqa and by the siliceous ferruginated dolomicrite lithofacies at the topmost 
part of Gebel Shabraweet (Figs.2 & 5-8)  

During the lowstand periods of seal level, the ramp (Gebel El-Zeit) was exposed, hence the continental run-off by 
local rivers transported the siliciclastic sediments towards the lowstand shorelines. This decreases the carbonate 
production on the proximal part of the ramp. During the transgressive and highstand periods of the sea, the ramp passes 
through two stages; the evolution of siliciclastic-carbonate ramp facies at the Southern and Northern Galalas and the 
establishment of a dominated carbonate ramp facies at Gebel Ataqa and Gebel Shabraweet. Both stages represent a mid 
ramp setting.  

The proximal inner ramp clastic-dominated facies corresponds to a tectonic stable period during which 
sedimentation rate kept pace with subsidence. The source of these clastics is positioned southward. The presence of plant 
remains within the succession of the Galala Formation at Gebel El-Zeit characterizes the coastal marine proximal ramp 
environment of warm and humid climate.  
The drowning of the ramp in the central part of the study area is resulted from a local tectonic subsidence that leads to 
form an "intra-ramp basin" at the Southern Galala. This contributes to an increase in water depth and then a flooding is 
happened as the rate of sea-level rise is greater than the rate of carbonate sedimentation and this result in an open marine 
clastic-carbonate, shallow subtidal facies inter-fingering with deeper facies as indicated by the highly-diverse faunal 
content and the presence of ammonites and planktonic foraminifera-bearing strata. The change from the clastic- dominated 
facies of Gebel El-Zeit to the mixed clastic-carbonate facies of the Southern and Northern Galalas reflects a regional rise in 
sea level, whereas the rise of sea level diminishes the clastic area and led to flooding of coastal areas by carbonate facies.  

 

 
Fig.11: Schematic diagram shows: a. Depositional model of the siliciclastic-carbonate ramp of the Galala Formation. b. General 

depositional facies of the Galala Formation. 

 
The Northern part of the study area was uplifted with a remarkable sea-level drop and hence the peritidal facies 

dominates near the mean sea level. This tectonic uplifting is synchoronous with the low-lying area on which the intra-ramp 
basin facies was deposited. The lack of siliciclastics within the succession of Gebel Ataqa reflects the increase of the 
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carbonate sedimentation at the expense of the claystones under the effect of uplifting. This uplifting leads to forming of 
isolated carbonate buildup at Gebel Ataqa, where the succession is composed mainly of shallowing-upward, pure 
carbonate, shallow subtidal and peritidal cycles developed on the mid ramp. This isolated buildup is developed when the 
rate of the sediment production of the buildup exceeds the rate of sea-level rise (Burchette and Wright 1992).  

The gradual transition from the intra-ramp basin at the Southern Galala passing through the transitional facies at 
the Northern Galala to the carbonate buildup at Gebel Ataqa represents a shift from the fine siliciclastic dominant and 
mixed siliciclastic-carbonate facies to carbonate dominant sedimentation. This transition reflects the shallowing and 
infilling of the intra-ramp basin and the progradation of the carbonate buildup at Gebel Ataqa. Carbonate buildup facies of 
Gebel Ataqa is closely similar to that found on the ramp by Markello and Read (1981). The dominance of carbonates (82%) 
over the claystones (18%) in the lithofacies of Gebel Shabraweet reflects a period of elevation but with deeper conditions 
than Gebel Ataqa. 
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