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Abstract 
The Late Cretaceous in Egypt attracts great attention from paleontologists since its end coincides with the mass 
extinction of several vertebrate groups from which reptiles such as dinosaurs and non-avian dinosaurs and 
plesiosaurs. The Cretaceous sequences of the Southwestern Desert of Egypt contain assemblages of terrestrial 
and marine fossils. The Qauseir Formation composed mainly of variegated shale of Campanian age. This 
formation is exposed at the Darb El Arbien located between Kharga and Beris and to the south of Beris. These 
strata contain many fragments of Sauropods dinosaurs, crocodyliforms and turtles. The Campanian succession 
of Kharga Oasis is witnessed the main transgression of the Tethyan sea to the Western Desert of Egypt. This 
study focusses on reviewing the Late Cretaceous deposits of Kharga Oasis along the extension of Darb El 
Arbien, containing the high diversity and abundance of terrestrial vertebrate fossils and petrified wood.  
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Introduction  
The vertebrate bearing horizons in the Upper Cretaceous strata in Egypt are concentrated in the Western 

Desert, [1, 2]. There are three main vertebrate bearing horizons [3]: the first and oldest is the Cenomanian 
horizon which is concentrated in Baharyia Oasis, which is famous for dinosaur remains in Egypt and other 
vertebrates such as fishes, crocodiles, turtles [4] and Squamata [5], the second is the Campanian horizon in 
Kharga and Dakhla Oases which contain dinosaurs [6], fishes, and marine lizard remains [1], the third and 
youngest is the Maastrichtian horizon in Dakhla and Farafra Oases which contains fishes and marine lizard 
remains [7, 8, 2].  

The Middle Campanian main transgression of the Tethyan Sea in Egypt formed broad, shallow, and 
semi-restricted embayments [10]. These transgressive deposits are exposed in Dakhla Basin of the Western 
Desert and represented by the intertidal and supratidal, alternating with marsh and estuarine sediments of 
the variegated shale of the Quseir Formation [11]. The sequence of the Quseir Formation hosted many 
terrestrial fossils such as Dinosaur bones, [6, 3], crocodyliforms [12] and turtle clusters.  The Tethyan sea 
transgression continued its inundation to the Maastrichtian influenced by the oceanic anoxic condition, 
forming shallow marine phosphatic layers, represented by the Duwi Formation and inner to outer neritic 
dark shale, with thin layers of sandstone interrelations, represented by the lower part of Dakhla Formation 
[13]. 

Kharga depression extends along a north–south axis for about 200 km with bounding escarpments to the 
northwest, north and east, varying in width from 40 to 85 km. The depression is approximately 50 m above 
sea level. The northern and eastern boundaries of the basin are sharply defined by the high cliffs of the 
western Plateau. In contrast, the south and west, the basin gradually merges into the Western Desert. 

The stratigraphic sequences in the south Western Desert are represented by fluvial and fluvio-marine 
successions, summarized from the base to the top as follows:  

Six Hill Formation [14]: It is composed of cross bedded sandstone, of about 50 m. thick of Late 
Jurassic-Early Cretaceous age [15], [16]. 

Abu Balls Formation [14]: It overlies Six Hills Formation, and it is widely exposed in the Abu Balls 
region, which is located south of Kharga Oasis. It attains about 25 m thick consists of fluvio-marine 
sandstone and shale deposits of Aptian age [17, 18]. 

Sabaya Formation [14]: It overlies Abu Ballas Formation, it is formed at the type locality at Gebel El 
Sabaya, from about 170 m thick of fluvial cross bedded sandstone intercalated with thin layers of 
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mudstone, containing fragmented petrified wood trunks and rootlets and some columnar tubes of 
ferruginous sandstone of Albian to Early Cenomanian age. 

Maghrabi Formation [19]: It is probable Cenomanian age. It documents the second transgression of the 
sea during the cretaceous. It is well exposed at Kharga Oasis; it conformably overlies the Sabaya 
Formation and underlies the Taref Formation. It is attributed to a mixed estuarine and delta flat 
environment. Maghrabi Formation measuring thickness of about 60 m and formed of coarse grained and 
conglomeratic sandstone with a large-scale trough cross bedding which are unconformably overlain by 
marine claystone in the uppermost part of the Taref Formation [15,  20, 21]. 

Taref Formation [22]: According to [22], Taref Formation is composed of fluviatile cross-bedded 
sandstone with thin layers of clay and shale intercalation, containing some fragments of petrified wood and 
leaf impressions that might suggest near-shore marine impacts [21,  23-26]. Taref Formation attains about 
100 m in Gebel Taref (north Kharga) with an unexposed base [22]. Taref Formation unconformably 
overlies Maghrabi Formation and unconformably underlies Quseir Formation and of Turonian age. 

Quseir Formation [11]: It regards well distinct evidence of the real transgression of the Tethyan Sea to 
the south of Egypt, forming swampy, intertidal to supratidal deposits during Campanian age. Quseir 
Formation has wide distribution in Kharga and Dakhla south Western Desert and Quseir region in Eastern 
Desert of Egypt [11]. It extends from the northeast to the southwest between Kharga-Dakhla and gradually 
disappears to the west of Dakhla.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Geological map of the Kharga Oasis, (modified after EL Azabi 2011 and Mohsen et al. 2024). 
 
Quseir Formation is equivalent to Wadi Hennis Formation and El Hefhuf Formation in Farafra 

depression in the north [15]. It is additionally extending from the east to the south along Darb Al Arbain 
between Kharga and Beris Oases and it is equivalent to the lower part of Kiseiba Formation in the south 
[27]. The type of section of the Quseir Formation is at Gebel Atshan in Quseir area, Red Sea coast [11]. It 
is composed of variegated shale, siltstone and sandstone intercalations. Quseir Formation is characterized 
by the presence of fragmentary bones and partially skeletons of the vertebrate fossil remain as lungfishes, 
sawfishes, turtle shells, crocodile bones and some separated partial skeletons of dinosaurs [1]. 
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These sequences are related to the shallow marine environment. Sallam et al. [1] reported that no yielded 
nanoplankton assemblages from the chosen rock samples of the stratigraphic section represented the 
Quseir Formation near Teneida village, Dakhla. However, they identified significant 23 nanoplankton taxa 
from the middle and upper Duwi Formation comparable to zone CC23 (Qadrum trifidum). of lower 
Campanian age. The palynlogical study gave an optimized indicator for the relative age dating of Quseir 
Formation based of the marginal and continental paleoenvironment of the present facies. Therefore, the 
exposed layers of the base of the Quseir Formation close to Bulaq village, east of Kharga are examined by 
[28], depending on a certain marker angiosperm range such as proteacidites sp. and Syncolporites 
schrankii, he referred Quseir Formation to the Campanian age. The Santonian age for the studied formation 
is typically represented by the palm and other proteaccean and Syncolporate pollens [28]. Therefore, the 
age of Quseir Formation may be referring to Santonian to lower Campanian age. Quseir Formation attains 
80 m thickness at Dakhla [15, 20, 29, 30, 31] and divides into two members, Mut at the base and Hindaw 
at the top. Mut Member is composed of about 20 m thick of reddish laminated shale, containing some 
traces of plant leaves and roots with very little recording of vertebrate fossils. Hindaw Member is formed 
of about 25 m thick of grayish green laminated shales and compacted mudstone with occasional intertidal 
channels, Mut and Hindaw members contain high variety and abundance of terrestrial reptiles such as 
Sauropod and Theropod dinosaurs [1], crocodiles [12] and turtle and fish [1, 3, 28, 32] studied the 
palynofloras of the lower part of Quseir Formation, between Kharga and Beris, near Bullaq area. He 
recorded abundance of water ferns and freshwater algae, supporting the occurrence of moist in warm-
humid paleoclimate. From the nannoplankton analysis, the Quseir Formation is dated as the late 
Campanian age. According to research on polymorphs and palynofacies, it is thought to have been 
deposited under fluvio-lacustrine and restricted shallow marine environments. 

Duwi Formation [11]: It unconformably overlies the Quseir Formation and underlies the Dakhla 
Formation. It reaches about 50 m. and is composed of high economic valuable phosphate layers and thick 
layers of dark shale deposits. The phosphate layers contain abundance of different taxa of shark teeth, 
turtle, crocodiles, and some marine reptile fragments. The phosphate beds of Dakhla basin were deposited 
in marine transgression of late Campanian age, invading the northern fringe of Africa plate, which were a 
shallow seas bioproductivity was high, producing the restricted environment suitable for organic matter 
preservation. The phosphate strata are characterized by the presence of various species of shark teeth and 
fish bone fragments, marine reptiles such as Mosasaurs, Plesiosaurs and Turtles (Abu El-Kheir personal 
observations). Duwi Formation is well extended between Kharga and Beris Oases and along the northern 
escarpment between Kharga and Dakhla, forming of about 50 m of variegated shale, and sandstone and 
siltstone thin layers intercalations [11, 15, 20]. Duwi Formation indicates a littoral environment of 
deposition, oscillating with the inner to outer sublittoral conditions. It is Late Campanian to Lower 
Maastrichtian age [31]. 

Dakhla Formation [33]: It exhibits about 200 m thick of intertidal to subtidal dark gray laminated shale 
interbedded with thin layers of fossiliferous sandstone and siltstones at the type of section (Gebel Gifata, 
12 km west of the town of Mut; [34]. Dakhla Formation is subdivided into three distinct members as 
follow: Mawhoob Member is the lower part of Dakhla Formation, formed of gray to dark gray laminated 
shale, containing abundance of weathered and well-preserved marine reptiles such as Mosasaurs and 
Turtle, shark teeth and fish bones; Beris Member is the middle part of Dakhla Formation and it is 
characterized by the dark laminated shale and calcareous, fossiliferous sandstone intercalations marked by 
the occurrence of Oxygyra overweigi bivalves. Beris Member is the most important part of Dakhla 
Formation that contain varieties of vertebrate fossils such as Mosasaurs [35 ,36], and Plesiosaurs (marine 
reptiles), Turtle skeleton (side neck turtles, fish bones such as Pychodonts [2, 8, 37] Sward fish; The upper 
part of Dakhla Formation is subdivided into lower Kharga and upper Kharga members which are consists 
of dark gray laminated shale, separated by the erosion surface represents the K/T boundary. Dakhla 
Formation gave well evidence for the deposition during the OAEs (Oceanic Anoxic Events), where notably 
high productivity which formed the black shale, which attracted many marine reptiles to these areas such 
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as Mosasaur, Plesiosaurs, Turtles, and fish for these high nutrients in shallow restricted sea in the middle 
and south Egypt during the Maastrichtian age [2, 8]. 

Tarawan Formation [33]: It is the upper part of the scarp face of the plateaus bounded the Dakhla 
Depression from the north. It conformably overlies the Dakhla Formation. It is composed mainly of 10–55 
m. of snow white to yellowish white hard, thickly bedded chalk and chalky limestone with few marl and 
shale intercalations and forming a wall. The formation is well developed and extended between Teneida in 
the East and Abu Minqar in the West. The sediments indicate deep facies display gradual lateral and 
vertical changes in lithology [33], it is of Paleocene of Paleocene age. 

Lithostratigraphy of Kharga-Beris extension 
The stratigraphic succession of Kharga Oasis and the surrounding areas, extending along Darb El Abrien 

(between Kharga and Beris) composed from the base to the top of about 30 m thick of fluvial cross 
bedded, fine to medium grained, ferruginous sandstone of the Taref Formation, containing 
rootlets(rhizoliths) and some vertical burrows. The strata are tectonically highly northeast inclined. Taref 
Formation is represented as isolated hills along Darb El Arbien. The base of the Taref Formation is often 
covered with sand sheets and sand dunes. The basal succession is overlain by variegated shales of the 
Quseir Formation. The area between Qarn Ganah and Bulaq is morphologically formed of folded isolated 
consecutive hills along the extension of Darb Al Arbain between Kharga and Beris Oases. These hills are 
formed of sandstones intercalated with thin layers of shales belonging to Taref Formation which overlain 
by the variegated shales of the Quseir Formation in the floor around these hills. These hills are separated 
by a group of inferred faults, forming two horsts separated by graben [38]. The structural setting of Qarn 
Ganah area represents doubly plunging domal structure around north-south trending axis [15]. 

Hendriks et al. [20] divided Quseir Formation between Kharga and Beris Oases into two consecutive 
main facies, the lower facies consist of tidal flat deposits of about 25 to 45 m thick, which is subdivided 
into six sub-facies, formed of varicolored gray claystones and bioturbated sandstones. The first sub-facies 
forms the basal part of Quseir Formation which is composed of gray to violet mottled claystones of 
supratidal to intertidal facies alternating with supratidal marsh and estuarine deposits, yielding freshwater 
gastropods and vertebrate fossils such as dinosaurs, turtles, crocodiles, and fishes, it represents the exposed 
deposits of Qarn Ganah. The upper facies composed of inner shelf deposits of about 20 m thick.  

Quseir Formation expose low angle northeast inclined beds of about 25 m thick of variegated shales and 
gray glauconitic mudstones and siltstones interrelated with thin layers of ferruginous conglomeratic 
sandstone, containing fragments vertebrate bones and coprolites. It is subdivided into two members; Mut 
Member at the base and Hindaw Member at the top, The lower member is composed of about 15 m thick 
of reddish colored laminated shale, containing rootlets (rhizoliths) and some vertical burrows. These 
successions are intercalated with thin layers of siltstone. The upper member is formed of about 10 m thick 
of gray to pale green glauconitic, compacted shale, intercalated with thin layers of sandstone and intertidal 
channels. Hindaw Member contains high variety and abundance of terrestrial vertebrate fossils such as 
Turtle shells, Crocodile bones and Dinosaur scattered elements in different mod of preservation. 

According to [3], these terrestrial vertebrate fossils are distributed into three successive horizons, namely 
HI, HII and HIII in Hindaw Member. The First Horizon (HI) is recognized at the base of Hindaw Member, 
it has little exposure and mostly covered by the above sequences. It contains Turtle bone fragments and 
petrified. The second horizon (HII) found above the first horizon by 8 m, composed of grayish green, 
cemented mudstone. It contains fractured and incomplete components of Dinosaurs, Turtles, and some 
scattered elements of Crocodile bones. It has well exposure surface than the previous horizon but is still 
influenced by the strata`s over all inclination. The bones are slightly eroded, fragmented, and scattered. 
The third horizon (HIII) is the main vertebrate bearing horizon of the study area which contains more than 
50 clusters of Turtle shells in moderately preserved states and some weathered and still embedded 
elements of Dinosaurs and Crocodiles. Some tiny grazing trace fossils are observed on the surfaces of the 
Turtle shells [3]. 

Quseir Formation herein is topped by weathered phosphate layer forming the base of the Duwi 
Formation, containing varieties of shark teeth, turtle bones and fishbones in the outer borders of the area. 
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Hindaw Member is unfortunately covered with the sand sheet and the agriculture works which covered the 
highly significant Late Cretaceous vertebrate locality. 

Vertebrate paleontological setting of Kharga Oasis 
Few vertebrate bearing localities were recorded along the Kharga-Beris Road extension and south Beris 

Oasis. These are represented by Qarn Ganah, Gaga and south Beris areas. 
Qarn Ganah area is located about 10 km southeast of Kharga Oasis, close to Kharga- Beris main road. 

Qarn Ganah area is a broad, flat, slightly northeast inclined. The area is bordered at the western side by 
highlands Taref Formation which are highly tectonically influenced. Qarn Ganah area is formed of 
Campanian variegated shale beds of the Quseir Formation. It contains many partial skeletons of Turtles, 
some scattered Dinosaur bones, and Crocodile elements, [8, 39]. 

Gaga area is located about 10 km north of Beris. The area exhibits well exposure of the Campanian 
Quseir Formation, containing many fragments of Turtles, some Dinosaur fragments and crocodyliforms 
elements [40].  

South Beris area contains an abundance of Late Cretaceous reptile remnants, containing turtle, 
crocodyliforms and dinosaur remains (personal observations).  

Few attempts for the vertebrate fossil’s discovery of Kharga Oasis are summarized as follows: 
Lamanna et al. [40] re-described the known specimen of humerus which was previously referred to 

Ornithischian [22] and they referred it to crocodyliformes instead of Ornithischian. 
Sallam et al. [6] discovered a Late Cretaceous dinosaur Mansourasaurus shahinae from the variegated 

shale deposits of Qusier Formation nearby Teneda village, Dakhla.  
Saber et al. [12] described a new genus of crocodyliform Wahasaucus egyptensis from Quseir 

Formation of Dakhla Oasis, north Tenida. 
Abu El-Kheir [3] studied the stratigraphy and the taphonomic conditions of the vertebrate bearing 

horizons of the Western Desert of Egypt. He recorded many separated dinosaur elements, crocodile, and 
turtle shells in four detective vertebrate bearing horizons in the upper part of the Quseir Formation. The 
turtle bones are well preserved articulated and not abraded shells. These preserved states may give some 
indication that the turtles were deposited in their places or transported for short distances by currents. The 
sauropod dinosaur's scattered elements, especially the fore and hind limbs are not well preserved, highly 
abraded, and also highly affected by the gypsum alteration of the hosted mudstone layers. These conditions 
may give some indication for the long-distance transportation of the dinosaur elements by high currents 
into the restricted ponds, where the accumulation of the turtle clusters. He also detected three successive 
vertebrate bearing horizons HI, HII and HIII. These horizons have well exposed surfaces exhibit high 
abundance of well-preserved complete and partial shells, scattered long bone of fore and hind limbs of 
sauropod dinosaurs. Some crocodyliforms elements such as vertebrae and fragmented skulls are observed 
in these horizons. 

AbdelGawad et al. [32] identify turtle shell, from the Quseir Formation of Qarn Ganah, Kharga Oasis 
represents the first record of Bothremydidae (Pleurodira) from the Campanian age in Egypt and in Africa. 
The specimen is attributed to a new genus and species of Bothremydini, Khargachelys caironensis. This 
specimen brings new data to the poorly known diversity of turtles from the Late Cretaceous of Egypt. 

El Hedeny et al. [41] reported a significant bioerosional structures on the turtle skeletal remains, 
indicating that they were commonly utilized by predators and scavengers. A common sign of insect 
feeding reflects an increase in insect activity and a slightly prolonged time of exposure prior to final 
sedimentation. Nine ichnogenera (Nihilichnus, Karethraichnus, Cubiculum, Osteocallis, Radulichnus, 
Osteichnus, Osedacoides, Sulculites, and Machichnus), representing ichnospecies, were identified. Eight of 
these ichnotaxa are recorded for the first time in Egypt. The recognized bioerosional structures appeared as 
borings, shallow chambers, grooves and punctures produced by ticks, beetles, polychaete worms, 
fishes/crocodile and radula of gastropods. Such bioerosion traces were likely caused by relatively long 
exposure time before the final deposition or burial. In some cases, borings may be produced during the 
host's lifetime. 
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Wahba et al. [42] recorded new evidence of saltasurid sauropod dinosaurs, represented by complete and 
preserved humerus bone north Gaga village. 
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