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Abstract 

The Abu Tartur mine is located in the Western Desert of Egypt, 50 km west of El Kharga 

City. Geologically, the Abu Tartur plateau is built by a sequence of Upper Cretaceous 

(Campanian ï Maastrichtian) phosphorites, black shales and glauconitic sandstones. 

The phosphate deposits are of great economic importance and have been mined since 

their discovery in 1967.  

Outcrop sections were measured, sampled, sedimentologically characterized and 

described. One specific glauconite layer was investigated mineralogically and 

chemically in detail and compared to a subsurface sample from the mine.  

Two depositional regimes can be interpreted based on sedimentary architecture and 

structures: 1) a deeper-water hemipelagic environment, where phosphorites and 

organic carbon-rich shales were deposited and 2) a shallower, prograding higher energy 

shelf environment with glauconite. From a sequence stratigraphic perspective 1) was 

deposited during the transgressive systems tract and the early highstand while 2) was 

deposited during the remaining highstand and a lowstand prograding wedge (Glenn & 

Arthur, 1990). 

Petrographic and SEM investigations show that the glauconite grains are of 

autochthonous origin. XRF, EMPA and thin-section analyses show that the glauconite 

grains from the outcrop differ significantly in their chemical composition, morphology 

and color from the grains of the mine sample. The fresh glauconite are enriched in 

Fe2O3 and K2O compared to the surface samples.  

XRD analyses of the clay fraction of the six outcrop samples and the mine sample show 

that the grains consist of illite(glauconite)/smectite mixed-layers, with more illite layers 

(80 %) in the mine sample.  

The charge distribution diagram muscovite-pyrophyllite-celadonite shows a clear trend 

from smectitic glauconite to illitic glauconite, the mine sample plots exactly in the field 

for glauconites.  

All these features indicate that the surface samples are strongly altered by weathering 

and that glauconite progressively transforms into iron-rich illte/smectite mixed layers 

and then into smectites. For any chemical and mineralogical characterization of 

glauconites at surface, these weathering effects have to be taken into consideration. 
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Kurzfassung 

Die Abu Tartur Mine befindet sich in der Western Desert, 50 km westlich der Stadt El 

Kharga in Ägypten. Geologisch wird das Abu Tartur Plateau hauptsächlich von 

oberkretazischen (Campan ï Maastricht) Phosphoriten, welche wirtschaftlich genutzt 

werden, Schwarzschiefern und Glaukoniten aufgebaut. Die Phosphat-haltigen 

Ablagerungen sind von großem wirtschaftlichen Interesse und werden seit ihrer 

Entdeckung im Jahr 1967 genutzt. 

Ein Profil der Sedimentabfolge wurde aufgenommen, sedimentologisch beschrieben, 

charakterisiert, und die einzelnen Schichten beprobt. Weiters wurde eine spezielle 

Glaukonitlage detailliert mineralogisch und chemisch untersucht und mit einer 

Glaukonitprobe aus der Mine verglichen. 

Aufgrund der Sedimentabfolge konnten zwei Ablagerungsbereiche interpretiert werden: 

1) ein hemipelagisches Environment im Tiefwasser, wo Phosphorite und an 

organischem Kohlenstoff-reiche Tone abgelagert wurden und 2) ein flacheres, höher 

energetisches Schelf-Environment mit der Ablagerung von Glaukoniten. Von einer 

sequenzstratigraphischen Perspektive: 1) wurde während eines Transgressiven 

Systemtrakts (TST) und eines frühen Hochstands (HST) abgelagert und 2) während des 

mittlerern und späten Meerespiegel-Hochstands und eines Niedrigstand 

progradierenden Fächers (Glenn & Arthur, 1990). 

Petrologische und rasterelektronenmikroskopische Untersuchungen verdeutlichen die 

authochtone Bildung der Glaukonitkörner. Mittels Röntgendiffraktometrie (XRD), 

Mikrosondenmessungen und Dünnschliffanalysen wurden chemische, morphologische 

und farbliche Unterschiede der Oberflächenproben AT 31 bis AT 36 und der frischen 

Minenprobe festgestellt. Die frischen Glaukonitkörner der Minenprobe sind, verglichen 

mit den Oberflächenproben,  reich an Fe2O3 und K2O. Dies veranschaulicht, dass die 

Oberflächenproben starker Verwitterung ausgesetzt wurden. XRD Analysen der <2 µm 

Fraktionen der Proben zeigen, dass die Glaukonitkörner aus Illit (Glaukonit)/Smektit-

Wechsellagerungsmineralen bestehen. In der Minenprobe ist der Anteil der  Illitlagen im 

Wechsellagerungsmineral jedoch höher (80%) als in den Oberflächenproben (52%).  
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Das Ladungsdiagramm Muskovit-Pyrophyllit-Seladonit zeigt einen klaren Trend von 

smektitischem Glaukonit zu illitischem Glaukonit. Die Minenprobe plottet exakt im 

Glaukonitfeld. 

Die Ergebnisse verdeutlichen, dass die Oberflächenproben durch die Verwitterung stark 

verändert sind. Glaukonit verändert sich durch die Verwitterung kontinuierlich von einem 

illitähnlichen Mineral zu einem Fe-reichen Illit/Smektit Wechsellagerungsmineral und 

schließlich zu Smektit. 

Für alle chemischen und mineralogischen Untersuchungen an glaukonitischen 

Oberflächenproben müssen diese starken Verwitterungseffekte berücksichtigt werden. 
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1. Introduction 

The Abu Tartur mine is located 650 km southwest of Cairo, Egypt, in the Western 

Desert (Figs. 1.1, 1.2) at 25°25´ north and 30°05´ east. The sediments in the mine are 

Upper Cretaceous (Campanian ï Maastrichtian) phosphorites, black shales and 

glauconitic sandstones belonging to the widespread shallow-marine deposits of the 

Duwi Formation. This formation underlies the  Lower Maastrichtian to Upper Paleocene 

Dakhla shale and overlies the Lower Campanian Quseir Formation. Lithologically, it 

consists of phosphate beds interbedded with black and gray claystone, sandstone, 

siltstone and glauconite beds (Sediek & Amer, 2001). The contact between the Duwi 

and Dakhla formations marks the Campanian-Maastrichtian boundary and is dated at 

about 71 Ma (Tantawy et al., 2001).  

The Abu Tartur Plateau has attracted the attention of several geologists since the 

discovery of significant phosphate deposits in the Duwi Formation in 1967 (Sediek & 

Amer, 2001). 

These Upper Cretaceous marine sediments have been of intense economic interest 

because of the phosphate-rich deposits of the Duwi Formation that form part of an 

extensive Middle Eastern - North African phosphate province (Tantawy et al., 2001). 

This province accounts for the greatest accumulation of marine phosphorites known, 

possibly in excess of 70 billion metric tons of phosphate rocks (Glenn & Arthur, 1990). 

The phosphate resources in Egypt alone have been estimated to exceed 3 billion metric 

tons (Notholt, 1985). 
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Fig. 1.1: Geographic map of Egypt, Abu Tartur Plateau is highlighted 

(www.abutarturphosphate.gov.eg).  

Fig. 1.2: Geographic map of Egypt (earth.google.com), Abu Tartur mine is indicated. 
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Fig. 1.3: The Abu Tartur mine, Egypt (earth.google.com), ATM= studied section. 

The Abu Tartur phosphate project is considered to be one of the biggest mining projects 

in the world (Figs. 1.1,1.2 and 1.4)). 

 

 

Fig. 1.4: The Abu Tartur mine, Egypt. 

 

One of the main objectives of this study was to measure and sample a section for 

depositional environment analyses. Twenty-one samples of profile ATM (Figs. 1.3, 6.1 
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and 6.2)) including black shales, phosphorites, claystones and glauconitic sandstones, 

have been examined sedimentologically and geochemically. The results have been 

interpreted to characterize the depositional and diagenetic development of the complex 

sedimentary assemblages.  

 

The other focus of this study was set on the mineralogical and geochemical composition 

and on the diagenesis of one specific glauconite layer. The outcrop glauconitic 

sandstones of the sedimentary layer and a glauconite subsurface sample from the mine 

were compared to determine possible differences in the diagenetic evolution and post-

diagenetic effects.  

 

The aim of this thesis is to reconstruct the depositional environment and physico-

chemical conditions  that prevailed on the Egyptian shelf during the Late Cretaceous in 

general and more specifically in the Abu Tartur area.  
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2. Geological setting  

The Upper Cretaceous - Lower Tertiary sedimentary rocks in central and southern 

Egypt are characterized by a gradual facies differentiation into three main types: Nile 

Valley, Garra El-Arbain and Farafra. These facies are present in three different basins 

within the marginal trough on the northern flank of the African shield. The basins were 

delineated by exhumed pre-late Cretaceous undulating surfaces. The Nile valley facies 

extends from the Red Sea Coast in the east to Kharga Oasis in the west. The Garra-El 

Arbain facies is recorded in the area west and south of Aswan and also south of Kharga 

Oasis along Darb El-Arbain. The Farafra Oasis is in the heart of the Egyptian Western 

Desert, 300 km west of the Nile at Assiut. The Abu Tartur plateau is located in the Nile 

Valley facies (Issawi, 1972; Fig. 2.1).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Geological map of central Egypt and location of the Campanian - Maastrichtian 

sedimentary rocks, Glenn & Arthur (1990). 
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In the Eastern Desert the Upper Cretaceous - Lower Tertiary formations crop out on 

both sides of the crystalline basement ridge along the Red Sea. Towards the west, this 

sedimentary cover forms a plateau and joins the Western Desert Plateau across the 

Nile. These rocks extend from the Sudan-Egypt border (lat. 22-29°N). Several 

topographic depressions, prominent scarps and extensive plateaus are present. The 

Upper Cretaceous - Lower Tertiary rocks exposed along the Red Sea Coast in the east, 

Kharga Oasis in the west and in the Nile Valley have gross lithologic similarities which 

indicate deposition within one basin. The rocks of the Nile facies are differentiated into 

several units ï from base to top - Nubia (Taref Sandstone and Variegated (=Quseir) 

Shale members), Duwi, Dakhla, Tarawan, Esna and Thebes formations (Issawi, 1972). 

These different units of the Nile facies of the Eastern Desert, Egypt are shown in Fig. 

2.2. 

 

 

Fig. 2.2: Idealized stratigraphic section for the Eastern Desert of Egypt (Robinson & Engel, 

1993). 
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The Western Desert sequence along the Abu Tartur plateau represents sediments that 

were confined by a pre-existing depression enclosed by the Dakhla (northwest) and 

Kharga (southeast) uplifts (Wassef, 1977; Van Houten et al., 1984). 

The Kharga-Dakhla area (Fig. 1.1), which until the Late Maastrichtian, had the same 

facies prevailing in both Kharga and Dakhla Oases, seems to have developed in 

Landenian time a new facies similar to those of the Garra-El Arbain facies. The new 

facies, the Abu Tartur Formation, was caused by bulging of the area and the 

development of reefs. This is indicated by the major unconformity (Hermina, 1967) at 

the top of the Maastrichtian in contrast to the conformable relation between the 

Maastrichtian and the Paleocene in both Kharga Oasis (Awad and Ghobrial, 1965) and 

Dakhla Oasis (Hermina et al., 1961; Said, 1962).  

The rocks of the Duwi Formation are of Late Campanian to earliest Maastrichtian age. 

The Duwi group represents the first onset of fully marine conditions in Egypt 

accompanying the major Late Cretaceous marine transgression of this region. With few 

exceptions these sediments were deposited in shallow epeiric seas which flanked the 

southern margin of the Tethyan trough. They were deposited in a generally east-west 

trending belt spanning the middle latitudes of Egypt (Glenn & Arthur, 1990).  

The strata overlie Lower to Middle Campanian marginal marine to shallow-marine 

shales of the (Quseir) Variegated Shale Formation (also known as the Mut Formation; 

Said, 1962; Klitzsch et al., 1979; Ward & McDonald, 1979; Hendriks et al., 1984, Van 

Houten et al., 1984) and underlie deeper-water marine marls and chalks of the 

Maastrichtian Dakhla Formation (Said, 1962; Mansour & Khallaf, 1979; Mansour, 

Youssef & El Younsi, 1979; Hendriks et al., 1984; Soliman, Habib & Ahmed, 1986). A 

marked regional and local variation in the lithofacies of the Duwi Formation between the 

Red Sea, Nile Valley and Western Desert areas is noticed (Fig. 2.3).  
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Fig. 2.3: Measured sections of the Duwi Formation from Ahmed & Kurzweil, 2002. A ï km 

13 Safaga ï Quena, B ï Wadi Queh, C ï north Yunis, D ï Yunis, E ï G. Anz (Galal Mine), 

F ï Um Resifa, G ï Zug El Bohar, H ï Atshan, I ï G. Qreiya, J ï Abu Sabun, K ï Abu 

Tartur. 

 

2.1. Tectonic evolution 

In the Late Triassic to Early Jurassic, the supercontinent Pangea began to break up with 

the initiation of opening of the Atlantic and Neotethys. By Cenomanian times, opening of 

the North and South Atlantic continued and the Neotethys began to close (Baudin, 

1995). 

From the Late Triassic to the Cenomanian North Africa was dominated by an 

extensional regime associated with the opening of the central Atlantic (Oyarzun et al., 

1997). Around Cenomanian to Turonian times a general change from extension to 

compression occurred in North Africa, which was related to the closing of the Neotethys 

and the onset of North Atlantic rifting. This resulted in the inversion of the former rift 

grabens from the preceding extensional phase. óAlpineô deformation intensified during 
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the Tertiary, leading to the formation of the Atlas Fold and Thrustbelt (Lüning et al., 

2004).  

During the Late Cretaceous, the structural differentiation of the Northeast African Plate 

increased, leading to the onset of the Red Sea rifting which caused  the progressive 

uplift in the southern part of Egypt and a dextral strike-slip fault along the pre-existing 

ENE striking faults (Klitzsch, 1986). 

Although tectonic activity contributed to erosion in the Western Desert, major eustatic 

sea-level changes may have been the primary controlling factors for widespread erosion 

and hiatuses (Tantawy et al., 2001). 

 

2.2. Palaeogeography and Palaeoclimate 

During the Late Cretaceous the African continent rotated counterclockwise and moved 

towards Asia, resulting in a gradual closing of the Neotethys (Condie, 1975; Le Pichon 

et al., 1976; Fig. 2.4). Also during this time a broad downwarping of the northeast 

margin of Africa occurred, causing a major transgression that covered portions of 

northeast Africa (Robinson & Engel, 1993). 

 

Fig. 2.4: Palaeogeography during the Late Cretaceous (www.scotese.com). 

http://www.scotese.com/
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The transgression of the Tethys over Egypt in the Late Cretaceous started early in the 

Cenomanian. During the Campanian much of the country was covered by a generally 

shallow sea (Issawi, 1972). In central and southern Egypt a clastic-marine to continental 

section was deposited during the Campanian (Nakkady, 1951). During the Early 

Maastrichtian, favorable conditions for the deposition of phosphate beds of the Duwi 

Formation were present in the area extending from Quseir-Safaga on the Red Sea 

Coast to Dakhla Oasis in the far west. The end of the Maastrichtian is characterized by 

a regressive phase in most of Egypt (Issawi, 1972). 

During the Late Cretaceous, Egypt was in a nearly equatorial position (Smith et al., 

1982) (Fig. 2.4). The climate during the Campanian ï Maastrichtian was very humid and 

warm, as confirmed by the palynology of the Dakhla Formation (Schrank, 1984).  

The Upper Cretaceous - Lower Tertiary sediments of Egypt were deposited along the 

outer margin of the African shield (Klemme, 1958). Shallow-water sediments were 

deposited in the marginal trough close to the shield, but pass into deep-water sediments 

along the axis of the trough in northern Egypt. Structural movements shaped the 

configuration of the trough during different stages of the Late Cretaceous to Early 

Tertiary (Issawi, 1972).  

Sediment deposition was predominantly cyclic, consisting of alternating 

sandstone/shale cycles with non-fossiliferous shales deposited during sea-level 

highstands in inner neritic to lagoonal environments characterized by euryhaline, 

dysaerobic or low oxygen conditions (Tantawy et al., 2001). The Campanian - 

Maastrichtian period is characterized by a series of marine anoxic phases associated 

with widespread organic matter, burial and black shale deposition (Schlanger & 

Jenkyns, 1976). 
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3. Samples 

3.1. Macroscopic description of the glauconitic sandstones  

In the following the six glauconitic sandstone samples AT 31 to AT 36 from layer 16 

(Figs 3.1 and 3.2) and the mine sample are described macroscopically  (Fig. 3.3 ï Fig. 

3.9): 

 

 

Fig. 3.1: Profile ATM, layer 16. 

 

 

 

 

 

 




























































































































































































