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ABSTRACT

This paper deate wih (he Mosiraligraphic sipnificancs of nannofssd Eaesas frecarded Iram Sae
Magsirichiian rocks in the Easterr Desent Upper Egypt Carefud study of these calcarscuys
nannofiors and ther siratgrapfuc ocoumances have resuted in praciss dating of the ciffersn
fock unifs, and i fudher refinoment of the nannobuazenal scherres sl veguely defined i Eqvpl
Four nansobiostraligraphic zones might be estabizned. aranged from ha base fo fop as
Quadram [fidum Zane [Campanan-Maasinchdan), Arkhengaissiels cymbiformis Zone (aan-
migcle  Masatrchtian)l Lihvaphictes guadvarss  fone  [middleelale  Aassirchiban)  end
Maphrofthus fregitens romne (mosf fale Maasdnchiian)

such Maastrichiian nanno-biozonses are sasiy sguafed wih fhe plankionic foramaniferal
Eobolfruncana, fomicale rome, Globofuncana ganzzan Zons and Glodofruncans esnabanals
ZTone of the sama succession Thelr occurrences in obher parts of Egypt as well os in difersn
parts of the word incicale that (hey could be successfly wsed for bozonalion and rensoceanic
corraation.

The succession was oividad inlo distined ltho and easiraligraphic units relafed mostly o
Camparnian-Maaatrichian snd Massiohisn spes. Besides microfaces sludiss an thin ssefions
reprogeniing Ouws Phosphale and L Dakba Shals formations were carred oul  The
palgcenwonmentsl condbons thal prevaded dunng  sedimendeion ware  mberpreled i
o anee

INTRODUCTION

In Upper Egypt and around the Nile Valley, the Classic Maastrichtian section is thal of Gebei
Owaing, southeast of Esna, while the most famous sections are that of Gebel Duwl, and Esh
El Mellaha (W. Mellaha & G, Tarboul) on the Red Sea Coasi, Eastern Daserl, Egypt (Fig. 1)
The succession as & whole is mostly develaped n shale and mar facies with few limestone
interbeds. Some investigalions advocating the absolule conformity between the Late
Crotaceous and Early Tedlary in  Southem Egypd in general

Youssef (1854) described Gebel Owaina section, introducing some micra and megalossils
separated from its different units, FHe assigned, the shale succession overlying the phosphale
beds to the Maastrichtian, while its upper part and the overlying chalk 1o the Danan. He
considered the sequence al Gebel Owaina to be conformable throughout Makkady (1857)
camied oul an extensive study on the foraminifera of Late Cretaceous-Early Tertiary sections
from widely separated areas in Egypt and {heir stratigraphic relationships. He considered the
Chalk and the overlying Esna shale to be conformabie and the Cretaceous-Tertiary contact
lies at differem levels in different sections. Again, he reviewed the biostratigraphy of the
Upper Senonian and Paleccene, trying to cormelate tham with cormesponding wnils in different
parts of the world. He stressed on what he described as Campanian, Maastrichtian, Dandan &
Maontian,

In 1861, Said gave the results of his studies in Gebel Owaina section, pointing o that
the lowser shale unit, equated with his newly introduced formational name of the Dakhla Shale
i5 of Maastnchtian age in its lower part and of Lower Paleocene age in its upper par, A
further discussion on the Dakhla Shale and Esna Shale *Sharawna Shake and Owaina Shale
of El-Nagpar 1566 at the type locality of ihe Esna Shale in Gebal Owaina, their distributions,
lithological variations and their age was given by Said {1962, 1990) and El-Naggar (1968,
1970).

IBEM 1012 = 5865



168 MICRO-BIOSTRATIGRAPHY

REERLI] Y o | = - ————

HFIH'TFM!H’EAH‘ SFEA

i gjﬁ"?‘* )gﬁ,_,,,, i

14y 5 i S El

Hisa

[EE ST

Sasth Fakin I‘.% ﬂ-_}_
el
A

N
s, S
Ty
'& 1' f? i 8l %ﬁh
\ B =1

i
i
I;IL
e r~— "ol g e
1"
Je R, (I i) e SRR, 11 D o L S e
- i F ] ar th 14

Fig. (1) LOCATION MAP

m oA e

Sashs

Rocontly, the accumulation of knowledge has emphasized the value of plankionic
foraminifera as guide fossils for stratigraphical zonation, for regional as well as world-wide
carrelation. The most important microbiozones am those developed in Trnidad (Bolli, 1858),
in Pademo d'Adda section, Maly. (Bolli & Cita, 1960). in general (Bolli, 1866], in the Nile vallay
Egypt (Said & Sabry. 1964, El-Naggar, 1865, Beckmann ef al, 1969) and some others.
However, the nannoflora which co-exist with foraminifera should be dentified and used (o
interpret the strafigraphy of the succession. Moreover, ihe sirafigraphical ranges of the
nannoflora could be establishad in the light of the plankfonic foraminiferal zonation. thus
ending a long confroversy about their ranges.

Dadta J. Sei. 2006, 30, 185100
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A number of localtes in Europe and Amerca were thoroughly studied for Uhesr
nannofossils and the results have been quite affectivily used for Siratigraphic purposes.
Farliculanty useful range chans have been présented in the |ast twenly years by many
authors. Among hem, Marini mus! be singled oul for his notable contributions on the
nannopalecntology and nannobio-stratigraphy of the Crelaceous = Teriary succession. In a
seres of publications (1961-1976), Marini described and commented on the siratigraphic
value of the calcareows nannallora. The most wseful Investigations along this line ane those by
Stradner (1981, 1963}, Bramiette & Sullivan (1881), Bramlette & Marfini {1984), Stradner, in
Stradner, Adamiker & Maresch (1988). Reinhard! (19668). Perch-Mialsen (1968 1872). Bukry
(1988, 1873), Perch-Niesan (1885} ... ... and some others

in Egypt. E-Dawoody gave the first information on the occurrence of calcaregus
nannopdankion from Duwi Range, near Quseir. in 1970, he studied the microbiostratigraphy of
gome seclions from Upper and Lower Egypt with spocial emphasis on calcaregus
nannoplankion. This was folowed by differen investigations loward this goal. the following
aré worth menticning: Kerdany {19568), Shafik & Stradner (1871}, El Dawoody & Barakal
{1973), Perch-Mielsan &f al, (197B). Faris (1985, 1997). El-Dawoody & Marzouk (2003), and
last but not least El-Dawoody (1987-2002)

This work deals with the nannobiostratigraphy of the Upper Cretacecus sediments in
Cwaing, Duwi and Ezh El Mellaha stratigraphic sections, Upper Egypt. [t is an allempt fo
introduce well established biozones that could be followed in fulure research work around the
Mile Valley and generally allover the Egyplian Territory, The prasent stedy aims fo redefine
the well known biostratigraphic units and o establish more precisaly their trus stratigraphic
relationships. The biostratigraphic subdivisions and their cormelalion with comparable
successions in other . parts of the workd is also achieved,

Microfacies studias of thin sections prepared from the indurated rock samples were camied
oul lo clarify the palecenvironmenial conditions thal prevailed during the sedimeniation of
ihese rock units. The rock stratigraphic units treated in this study start chronclogscally with tha
Quseir Vanegated Shale and Nubia Sandstone followed by the Duwl Phosphate, then the L.
Dakhia Shale (Sharawna Shale of El-Maggar, 1968). The first two units represent the
Campanian-Maastncnlian Successign, while the third unit comprises the microfogsiiferous
part of ihe section denoting a Maastrichtian age. These rock unids are distind, applhcable and
easily recognizable in the field, They are bnefly descnbed, amanged from the base upwards,
as follows:

1- Quseir Variegated Shale and Nubia Sandstone

This lowermost unil was recognized by Youssel (1857} in the Qusesr area as a formation and

was named the Nubin Sandstone. Wherever the base is exposed, the transgressive Nubia
Sandsione beds rest unconformably over the basemant rocks The sandstone beds of this

formation accupy many of the 1opographic lows in the general Quseir area,

The Mubia Sandstone is overain by & senes of unfossilifercues vanegated shales and
cloys, mainly composed of mullicolourad shales intercalaled by fine-grained sandstone bands
ol the base. Tha colour vares from greanish grey 1o green, blue, and somelimes reddish
brown. Youssel (1957) studied Ihose shales and introduced the name Quseir Varepgated
Shale for the succession

The thickness of these shales reaches 150 meters al Gebel Duwi. These shales are
somewhal similar in Gthology and colour 1o the overlying shales contaning the phosphate
bands

Deta J. S 2006, 30 165153
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2- Duwi Phosphate

A succession of phosphatic lenticular bands, shales, marls and imesiones overlies the Quseair
Varegated. Shale with a general conformable relaticnshig, In Quseir, this formation is given
the name Duwi Formation by Youssef (1857).

El-Maggar (19868) considers similar phosphale depasils in the Esna-ldfu reglon as a
forrmation and namad it the Sibalya Phosphate which B comparativaly much reduced in
thickness. In E-Naggars opinion, this Phosphale sifher represents a dwarfed Duwl fomalion
Of COrmesponds only 1o & pant of thal Formation,

The Duwl Phosphate exiends in 8 conspicuous scam for about 40 Km on the weslem side
of thia Duwi Range, undarying the Sharawna Shale with Osiréa vesiculans Zitlel and Paclén
farafrénsis Zitel. Il crops oul also 1o e north, nodlwest and south of Gebel Duwi, attaining &
thickness of about 150 meters,

3- Dakhla Shale

On fop of the Duwi phosphaie formation follows the Dakhla shale which (s of wide
geographical extent, and couwld be Iracad along the stable shelf of Egypt from the soulheérn
Oases in the west to Quselr district in the easl it coukd be also traced along the westem
scarp of the Nile and southwestwand along the Hurker — Dengul stretch. Thase shales are
dascribed by Said (1881), with its type locality, along the scarp nonh of Mut, Dakhla oasis.
They are formed of yellowish, to greyish shales becoming marly al base and attaining a
{hickness of 130 mis ai lis (ypa localily.

The Dakhia shales are of remarkably constam mhological characters. Somelimes. i
changes |aterally in facies, almost enlirely or a1 laast in par 10 chalk of chalky limestiones as
in the Farafra area, Abou Mingar district and nonh Wadi Qena. This variation was pointed out
by Kerdany (1969) and he called it as the "Khoman Chalk®. This formation may be equated
with the "Sudr Chalk™ formation of Shorab (15881),

The Dakhla shale unit assumes & thickness of 140-160 mis. at Gebel Owaina but wilh a
characténslic conglomeratic bed (Sample. No. 18/0w. exceeding 2.5 mis. In thick.) (Fig. 2},
while it atlains around 150-170 mts. at Gebel Duwl (Fig. 3).

BIOSTRATIGRAFPHIC ZONATION

The okfest fossdliferous rocks in the studied sections aré thosa of the major parl of the
Maastrichtian at Gebel Duwl, This succession overlies the phosphale bads that coniain some
minute forms of foraminifera which could'n! be identified with cenainty. The calcareous
nannoplankion content, on the other hand, seems to be rare, sometimes common but without
diagnostic fonms excapd for Quadrum trfidem {Siradner)

The biosiratigraphic zonation proposed here for the Upper Crélaceous succession s
based on 8 system of zonation using the calcareous nanncflora. Rich assemblages with
highly distinctive nannofossils have been described from a number of horzons and some of
those formal zone names already in commaon usage have been applied to this nterval, This
leads to establish an intemegional comelation for the Campanian / Maasinchiian -
Maasinichbian succession of the classic sedtions investigaied. The recorded flora build up the
frame-work of this (nal, substantiale with olher stratigraphic tools

Fourty two species of calcareous nannoflora wera recognized In 1he outcrop samples of
DuwvCrwaina seclions, Eastern Desert, Egypl Twenty species from Gebel Duwi and Twenly
two species from Gebel Owaina (sixieen spacies of which encounterad in the L. Cretaceous —
E. Paleocens of Gebel Owaina) were known to chamclerize thew stratgraphy, identified and

Datla J. Sei. 2004, A0, 188183
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fully described by El-Dawoody (1978). The most-commaon specias of which are given in two
general distribution chars: the first s concemed with the Campanian | Maastrichtion -
Maastrichiian nannofossils of Duwi section and the second represents the Maastrichlian
nannofossils of COwaina section (Figs. 4a.4b). Within this frame, the present author proposes
the following calcaneous nannoplankion zones for the Upper Crelaceous deposits of the
region undar investigation:
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2. Maastrichtian:
The major part of the Sharawna Formation al Gebel Owaina. 1ogether with its equrvalents at
Gebal Duwi In the sast and Esh Ei-Mellaha sacticn in the norh ane of Maastrichlian age for
the following reasons:

It conformably overlies the Campanian - Maastrichtian Duwd Fhosphate Formabon.

The Globoiruncana and Heterohelix faunal essemblages present in thal par of the
Sharawna Shale are known 1o characterize the Maastnchiian in many pans of the world (B,
1950, 1568 elc). A similar assemblage s recorded from the Maastrichtian of other pans of
Egypl (Said, 1961, Salo & Sabry, 1984, El-Naggar, 1968, . elc.).

The calcareous nannoplankton assemblage known in Sharawna Shale was reconded from
the Maastrichtian of many localities including the lype Maasiirichtian of Holland (Bramietie &
Martini, 1954), Analysas of the assemblage recorded by these auihars show thal our
assemblage 1ends 10 be of Middle - Late Maastrichlian age. 1! was also recorded from the
Upper Cretaceous deposis of Texas and Arkansas (Gamner, 1968) and Texas and Europe
{Bukry, 1989).

The macrofauna reconded in that parl of the secticn facilitate its conalation with equivakent
Maastrichtian strata in Egypt, in the Middle Easl and Marth Afnca

This stage characierize the 638 meters of the major Sharawna Formation jest below the
basal conglomerate in Gebel Owaina, The black shale capping the Maastrichtian section is
bairen with respect 1o its microfaunal and mannofleral content. Due to its stratigraphic
position, however, It is suggested 1o be of Maastrichtian age.

The underying 42 meiers of the Sharawna Formation contain nch  microfaunal
gssemblages of ‘the Globolruncana fornscate rone in their lower part and of the
Globotrunoana gansseri zone in their upper pant These assembilages wera known 10
characierize the Maasinchtian in many pans of the woiid 35 well as in different pans of Egypt
(Bodli, 1959 1966 Bolli & Cita. 1250 Said, 19561; Bronnimann & Rigassi, 1983; S5aid & Sabey,
1964; El-Maggar, 19868, Beckmann el al 1969, . elc). The comesponding nanncfloral
assemblages comprisig both the Arkhangelskiella cymbiformis zone and the owerlying
Lithraphidites quadratus zone in Gabel Owaina {or Nephrelthus frequens zone In G. Duwi)
ware recognized in the Maastrichtian of many localies incleding the type Maasinchtian of
Holland (Bramlette & Martini, 1884, These warg also recorded from Upper Crelaceous
deposits in several other localities in Europe, Amernica and Egypl.

in Egypt, a Maastrichlian assemblage charactenstic to such zone was recorded by Shafik
& Stradner (1871} in the Chalk unit of Gebel Tarboul, Eastern Desen. Al Gebel Cwaina, this
rone malches with the upper pan of Globolruncana ganssen zone dencling a Middie — Late
Maastrichiian age, The upper boundary of such zone 15 nol wll defined. It les within the non-
fossiliferous black shale par, thus lacking the taxa useful for fs delineation, Such nannolossi
zone might be equaled walh the upper pan of Arkhangelskielia cymbiformis zone previously
known by Kerdany (1969), Ei-Dawoody (1970), El-Dawoccdy & Barakat (1873} and Eb
Dawoody & EFDawy (1988, A trial for a sont of interregional correlation of the Maastrichlian

calcareous nannoplankion zongs in Egypl with their equivalents in ofher pans of the world |5
shown in Figure 6.

Daita J. Sci, 2008 30,148-153
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NANNOFOSSIL CLASSIFICATION

Several attempts have been made in the past thidy five years. especially those of Stradner (in
Siradner, Adamiker & Maresch (1868). Garlner (1958}, Bukry {1965), Perch-Niglsen (1985) &
El-Dawoody (1690, 2002). Because af the limiled scope of the presant study. however, any of
these classifications will not be given prefeence. The suprageneric assignmenl of the genera
together with the index spacies recagnized in this paper follows:
Phylum CHRYSOPHYTA
Class CHRYSOPHYCEAE
Order COCCOLITHOPHORALES SCHILLER, 1826
Suborder COCCOLITHINEAE KAMPTHNER, 1928
Family Arkangelskiellaceas BUKRY, 1969
Genus: Arkhangeiskiella Vekshina, 1958
Arkhangeiskielia cymbaformis Vekshina
Arkhangelskeelia odigua Stradner
Genus: Kampinenus Deflandre, 1958
Kampinerus magnificus Deflandre
Family Coccolithaceae RAMPTHNER, 1928
Tribe Coccolltheas Kamgptnar, 1958
Subtnbe Coccolithings Kampiner, 1958
Genus: Walrpnaverna Rednhardl, 1584
Watznaueria bamesae (Black)
Subtribe Rhabdosphserinae Stradner, 1568
Genus: Crelarhabdus Bramilette & Markfind, 1984
Cretarhabdus conicus Bramlette & Marin
Cretarhabdus cranulaius Bramlette & Marin
Cretarhabdus romani (Gorka)
Genus: Deflandrius Bramiette & Marini, 1964
Deflandrius columnaius Stover
Deflandrius intercisus (Deflandre)
Tribe Gribrosphaerelleae Stradner, 1868
Genus: Cribrosphaerella Deflandre, 1952
Cribrosphaerella ehrenbergi (Arkhangeisky)
Genus: Nephrolithus GORKA, 1857
Nephrolilhus frequens (Aberg)
Trbe Pontosphaereas Hay, 1866
Genus: Pontosphaera Lohmann, 1508
Pantosphaera multicannata (Garines)
Trbe Zygosphacreae Fampiner, 1858
Subtrie Zygolithinae Stradner, 1568
Genus: Ahmuellerelfa Remnhardi, 1964
Anmuellarella octoradiafa (Gorka)
Genus: Eiffelliihus Relnhandl, 1585
Eiffellithus eximius (Stover)
Eiffellithus tumseifel [Deffandre)
Genus: Vekshinglla Loeblich & Tappan, 1963
Vekshinelta crux (Deflandre & Fen)

Family Zygodiscaceae HAY & MOHLER, 1967

Daks J, 52|, 2008 30 185150
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Ganwes; Chiaslazygus Garthor, 1868
Chiastozygus itteranus (Gorka)

Genus; Zygodiscus Bramlefte & Sullivan, 1561
Zygodiscus psevdenthophorus Bramletia & Marimi
Zygodiscus spiralis Bramlette & Manini

Family Microrhabdulacean DEFLANDRE, 1563
Ganus; Lithraphidites Deflandne, 1863
Lithraphédies carniokensis Deflandre
Lithraphadites quadratus Bramiletie & Martim

Genus: Microrhabdulus Deflandre, 1958
Microrhabdulus decoratus Defandre
Microrhabdulus stradnen Bramlette & Marlini

Family Thoracosphaeracess SCHILLER, 1830

Genus: Thoracosphaera Kampingr, 1827
Thoracosphaera imperforata Kamplner
Thoracosphaera operculata Brambette & Marlini
Incetas Sedis;

Genus: Micula Vekshina, 1858
Micula staurophor (Gardet)

Genus: Quadnim Prins & Perch Miglsen, 1577
Quadrum trifkdum (Stradner)

The following short comments and ihe selected synonyms are rather fragmentary
Besides, the straligraphic ranges of the most common nannofossil species encounlered hene
are infroduced (Figs. 4a, 4b). Only the zonal nannofossil species are discussad hemeln

Genus: Arkhangelskielia Vekshina, 1959
Arkhangelskielta cymbiformis Vekshina

(P, fig. 1)
1012 "Coccalith of unknown aflinibes™ Arkhangelsky. pl. 6, fig. 24
1958 Arkhangelskiella cymbiformis Viekahina, p. 86, pl. 1. fig, 1, pl. 2, fig. 3.

Remarks: This species shows characlers mentioned for the monotypic genus. The central
area is divided into 4 quadrants by sutures sub-parallel 16 major and minor axes of the ellipse.
Each quadrant is further subdivided by sutures a1 about 450 1o the major and minor axes and
secondary additional sulures. The perforalions in the central area appear to lie along thesa
sulures.

Stratigraphic range: Originally known in the Upper Cretaceous (Maastrichiian) deposits of
Siberia. Abundant throughout the major pat of the Maastrichtian Sharawna fosmation in
Gebel Owaina, Few reworked specimens occur in the Paleacene conglomeratic bed of that
lecality. Individuals of this species are frequently present throughout the Arkhangelskiella
cymbifermis zone at Gebel Duwi. Few specimens in the Paleocene strata are considered 1o
be reworked because of association with few specimens of other Crelaceous forms.

Genus: Lihraphidites Deffandre, 1563

Deefta J. Sei 3006, 30, 155-153
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Lithraphidites quadratus Bramietie & Martini

1964 Lithraphidites quadratus Bramiette & Martind, p. 310, pl. &, figs. 16 17. pl. T, Iy B.

Remarks: Some specimens of Lahraphidites camiolensis Deflandre are somewhat thicker,
more delicate and less elongate. These are shor bul have wider keels than long ones. They

appear to grade into Lithraphidites quadratus Bramletie & Martini characterized by 1he abrupt
{apering to pointed ends and the discontinuation of the keel to the fip of the specimen

Stratigraphic range. Orniginally known in the Upper Cretaceous (Maastrichtian} of USA
(Alabama), Denmark. France, Netherands and Tunesia. This species is commonly restrictad
to the "Mopmost part of Middle Sharawna Marl together with the overlying Upper Sharawna
Shale in Gebel Owaina

Genus: Nephmolithus Gorka, 1957

Mephrolithus fraquens Gorks

(pl. 2. fig. 2)

1857 Nephrolithus frequens Gorka, Acta paleont. Polon., 20 262 pl. 5, Fig. 7.

Remarks: Such a species generally kidnay - shaped The nm is of two alternating rows of
crystals infercalating each other, Central area occupied by ring - shaped struciures composed
of imprecating crystals of clock - wise orientation

Stratigraphic range: Onginally described from the Upper Cretaceous (Maastrichtian) of
Poland. In Egypt, it occurs in Gebal Duwi, representing the zonal marker of the KNephralithus.
fraquans Zone of Late Maastrichtian,

Genus; Quadrum Prins & Perch MNielsen, 1977

Qiyad rum rifdum {Siradner)

(pl. 1, fig. 8)

1981 Tetralithus gothicus trifidus Stradner, in Stradner & Papp, p. 124, texd - fig. 23 {3)

1973 Tetralithus tifidus Stradner, Roth, p. 728, pl. 18, igs. B, 7.

1977 Quadrum trifidum (Stradner), Prins & Perch-Mislsen, in Manivit et al.. p. 178

1877 Quadrum rfidum (Stradner). Verbeek, p. 123, pl. 12 fig. 11

Remarks: Such species has forms with three and with four glernents, which stan their
range &l the same level and are gonerally considered (o belong 1o one species. The thiee and
four armed forms of Tetralmhus gothicus Deflandre are also found together, Because
specimens with four arms are more frequent in Spain and those with three arms more
frequent in Tunisia, it seems likely thal the number of arms depended on eoological
circumstances. For these reasans both forms are considered 1o belong 1o the same species.

Stratigraphic range: Onginally known in the Upper Crefaceous (Maastrichiian} of Francd
This species & commonly restricted to the lopmost part of the Duwl FPhosphate denaling a
Campanian — Early Maasinichiian age in Gebel Duwi
PALEQECOLOGIC IMPLICATIONS
The hard beds, which are unfavourable for any appropriste washing lechniques, were thin
sectioned and studied for thewr microfacies, A series of monegraphs were published dealing
with microfacies of many parts of the world (Scholle. 1978)

In Egypt. several authors were engaged in the Crelaceous ~ Tertiary microfacees mncluding.
Barakal & Tewfik (1988), Ghorab & Ismail (1989). Barakal & El-Dawoody (1973) and El-
Dawoody & Aboul Karamat (1993) are the most promingnl. The ferminology proposed by Fusli
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{1882) and Dunham (1952) in describing the different caroonale rock types is followed here in
the present study. Dunham’s classification s essentially textural and is most valuabla when
used in a purely descriptive way for lihified rocks.

Textural maturity is implied in that the least mature vaneties are richer in mud matrix.
However, depositional deductions based on these textural characlers alone need greal care.
The indurated interbeds were thin-sectioned and mésroscopically examined. The study of
such rock samples was found necessary te throw mere light on the evolutionary history of the
sedimentation basin, The palesenvirenmental conditions that prevailed dunng sedimeantalion
of the different Rhostratigraphic unis werne interprated
1. Vanegated Shale (pl. 3, fig. 1)

Very fing grained, argillacecus matter, microcrysialling. with fermuginous streaks and imegular
patches, slightly arenaceous and poarly micaceous, unfossilifergus, This facies is recorded af
the basal part of Gebel Duwi

Palecenvironmen!: Inner nerilic, with relatively shallow water condifions, nol far from a
nearby landmass,

2. Sandy Shale (pl. 3, lg. 2}

Highly silicecus, angular 1o subrounded sand grains, il-saned, with some phasphalic grains
highly stained wilh iron oxides. and few glauconitic granules, unfoss:iferous. This facies is
known through the Duwi Phosphate (sample Mo 3) in Geoal Duwi

Palasenvironment: Shallow maring, whene phosphatic matenals have been accumulated.

3. Fossliferous Micrite {pl. 2, fig. 3)
Very line grained, cryptocrystaline with undifferentialed grganic remalns together wilh some
phosphatic grains, arranged nearly paraliel to the direction of lamination. Such fades is found
in the upper par of the Duwi Phosphate (sample No. 3a} a1 Gebel Duwi,

Palecenvironmant: Neritic, with calm conditions of sedimentation “low agitated bottom
condifigns”
#, Phosphatic Biosparite (pl. 3, ig. 4)
Mainty composed of phosphatic remains in the form of plates, granules and rounded bodies
embedded in a groundmass of microcrysta-line carbonates and in parts it is sparry cabeite,

Phosphatic granules are mastly well sofed and they exhebit straghl extenclion with
micaceocus inclusions. This facies is known in Duws Phosphate formation, just below the

uppemmost phosphatic bed

Such & type of association reflects an inner nertic environment thal have been sirongly
affected by high level of energy caused by waves, Secondary crysiallization may have taken
place and gave rise 10 the spamy 1exiure
§. Phosphatic Blomicrite (pl. 3, fig. §)
Fine grained, highly fossiliferous, with benthonic foraminifers mainly represented  byredaikd
forms together with well preserved phosphalic remains such as vertebrae and ribs. This
facies caps the Duwl Phosphate of the Maastrichtian parn in Gebel Duwl,

Balepenvironment: Mixed environment in which marine {ransgression gently overlapped
the phosphatic bioherms.
6. Hetarahelix Biomicrite (pl, 3, figs. &, 7)
Microcrystaline, highly fossiliferous, wilh planktonic and benth-onic foramimfera. The
planktonics are mainly represented by Heterohelix spp. Glohotruncana spp.. Globigerinas

Peila J. B2i, 2005 30 155-1680
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and globorolalias, The benthonics are represenied by Bolivina sp,, logether with rolalid forms
and Ingenid forms. Typical Heterohelix biomicrites are recorded from the Dakhla Shale
formation at Gebel Duwi, samples 23/D - 25/D. Such a lype of association reflacts deep waler
conditions of warm sea with normal salinity where planklionic elements are the most
abundant,

7. Globorotalia Blomicrite (A) (pl. 1, fig. 8)

Fine grained and cryplocrysialline, highly fossilifercus wilh plank-fonic forams particudary
Round-Keelad Globorotalias together with Globigenna spp. They aneé completely replaced by
fine grained calcite filling up their interior cavities, Benthonic forams are also commaon and
they are habhazardly distributed in the rock section. This facies is known in Dakhla Shale
formation #l Gebel Duwi, sampies 20/D. 21/D

Such a type of facies reflects deep waler deposil of o least semi-pelagic character with
abundance of plankion caleaneEous ricrafauna.

The following paragraphs are concerned with the relationship between the organisms met
wilh In thin sections and their habital medium. This palececological analyses elucidale the
condilions under which sedimentation took place. Moreover, fossll organisms and {he
sediments in which they are embedded are frequently good indicators for the evaluation and
adaptation of the ofganisms to Lhe conditions that dominated durng their ke,

Since this palececologic study is based on wide spaced stratigraphic sections, measured
and sampled from different localities, it is preferred to treat each section separately. The
palececologic conditions were intarpretted for gach section during @ cenain stratigraphic time
and they are continued in another section for the next stratigraphic interval, til the whole
investigated sequence is elucidated. The Duwi seclion embraces the stratigraphic interval
between the Late cretaceous and the Paleacens

Upper Cretaceous deposits are composed of multicolored shales. unfossili-fercus, slightly
lo moderately sandy and phosphatic in parl, These shales are |niercalated by fine
argllacaces and poody fosslliferous calcareous interbeds These bthological charaders
indicaie deposition in a8 relalively shallow and stagnant or toxic Botlomn condilions thal
prévailed dunng the Campandan lime. Shorly after 1ha oulssl af the Maastrichilan n Duwd
district. fumher shallowing ook place réesulling in the developmant of a lousinneg @nvironment
This have bean strongly affected by waves and currenl action and pamicipated in the
accumudation of phosphalic remains in the form of plates, granules and rounded bodes
Shallowing of the basin confinued on, and the phosphatic beds have bean deposiled, Next (o
this phase. inundation look place and owler nertic conditions prevadead

Deka J. Sei. 3008 30, 145153
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Figure
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PLATE 1

- Arkhangelskiela cymbiformis Vekshina

a = nl, b = x-nic; proxemal wiew .. Hypolype 2, Sampla B8 (23D
Waltznauena barnesae (Black)

a = nl, b = x-nic; distal view ...... Hypotype 8. Sample B8 (25/D).
Crefarhabdus crenulatus Bramletta & Martini

a=nl, b = x-nic; proximal

VIBW L0oeiinniienrennnenmres e HYPOype 11, Sample 88 (23/D).
Crefarhabdus romani {Gorka)

a = nl, b = x-nic; distal view . . . Hypotype 12, Sample 88 (25/D).
Deflandnus columnaltus Stover

a =nl, b = x-nic; distal view ...... Hypotype 14, Sample 88 (25/D).
Deflandnus columnalus Stover

X-nic; side view .. ..o HYpORype 15, Sample 88 (250)
Deflandnus infercisus (Deflandre)

a =nl, b = x-nic; distal view ... . Hypotype 16, Sample 88 (25/0).
Quadrum irfidum (Stradner)

a =nl, b = x-nic; side view .. Hypotype 17, Sample 86 (27/D)
Microrfiabdulus decoralus (Deflandre)

a = nl, b = x-nic; side view ... Hypotype 38, Sample 86 (23/0)

All photomecrographs (Pis, 1, 2) are reproduced at a magnification of 2500 x

For tha explanation of these micrographs, the fellowing abbraviations are used,

ni = Photomicrograph, nomnal light + grean filtar
x-nic = Photomicrograph, polarized light with crossed nicols + vellow filter

Doka J Sea MR, 30 165163
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PLATE 2

Figure

1- Crbrosphaereila ehrenbergl (Arkhengelsky)

a=nl, b = x-nic; distal view ... . Hypotype 18, Sample 88 (25/0).
2- Nephrolithus frequens (Aberg)

a=nl, b = x-nic; proximal view . Hypotype 21, Sample 86 (23/D).
3- Eiffellithus turmseiffeli {Deflandra)

a=nl b= x-nic; distal view ....., Hypotype 23 Sample B8 (23/D)
4- Eiffallithus eximivs (Stover)

a=nl, b = x-nic; proximal view.. Hypotype 27, Sample 88 (25/0)
5 \Vekshinela crux (Deflandre & Fert)

®-nic; distal view .................. Hypolype 30, Sample 86 (23/D).
8- Chiastorygus litteranus (Gorka)
x-nic, proximal view . ............. Hypotype 33, Sample B& (23D)

7= Zygodiscus spiralis Bramietle & Martini

a = nl, b = x-nic; distal view ...  Hypotype 34, Sample 86 (23/D).
B- Micwa staurophora (Gardet)

a = nl, b = x-nic; oblique view ...  Hypotype 41. Sample 86 (23/D).
8- Lithraphicites carmiolensis (Deflandra)

a=nl, b= x-nic. side view ... .. Hypotyps 40, Sample 86 (23/D).

Dakin J Sci 2006, 50, 185163
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PLATE 3
Fig. 1 : Vanegaled shale (80 X)
Very fine gramed, slightly arenaceous, with ferrugenous streaks and iregular
patchs, unfossiliferous.

Age - Campanian

Locality Gabel Duwi, sample 100

Environmant : Inner neritic, with relatively shallow water conditions not far from a
nearty landmass

Fig. 2 : Sandy shale (80 X)
Highly siliceous, sand grains being angular to sub-rounded, with some
phosphatic grains, unfossiifarous.

Age Campanian — Maastnchdan

Locality - Gebel Duwi, sample 98 (3)

Envirenment | Shallow manne, where the phosphatic matenal have been
accumulated.

Fig. 3 : Fossiliferous Micrte (100 X)

Very fine grained, exhibiting + regular fine bands, with undifferentiated
organic remains toegether with some phosphatic grains? arranged nearly parallel to
the direction of lamination.

Age Campanian - Maatrichtian

Locality Geabel Duwi, sample 85 (3a)

Environment : Nentic, with calm conditions of sedimentation.
Fig. 4 : Phosphatic Siospante (30 X)

Medium grained, fossikferous, mainly composad of phesphatic remams in the
form of plates, granules and rounded bodies embedded in a sparry caicite matnx.
Age - Campanian — Maastrichtian
Locality Gabel Duwi, sampla 84 [3b)

Environment : Inner neritic, affected by high level of energy caused by waves.
Fig. 5 : Phosphalic Blomicrite (30 X)

Fine grained, fossiliferous, with benthonsc Faraminifera mainly represented by
rotalid forms, together with well presarved phosphatic remamns such as verlebrae and

rbs.
Age . Maastnchi@n
Locality Gebel Duwi, sample S0 (27/D)

Environment ; Mixed environment in which manne reansgrassion gently overlapped
the phosphatic bicherms

Cills J. Sei, 2006, 30 1651603
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Fig. 6 : Helerohelix Biomicnte (100 X)

Fine grained, highly fossiiferous, with abuncant planktonic anag
banthonic Foraminifera. Planktonics reprasented by Helemohelix spp
and Globotruncana spp
Age » Maastrichtian.

Locality . Gabel Duw, sample B8 (25/D).
Environment ; Ouier nertic, no coarser termgenous material accumulated
Fig. T ; Heterohelix Biomicnte {100 X)

Fine grained, highly fossiliferous, with abundant planktonic Foraminifera
represanted by Meferohelix spp. Globotruncana spp.. Globigerinas and
Globorotalias, locsaly packed in a carbonate maitnx
Age Maastrchtian
Locality : Gebel Duwi, sample 88 (25/0)

Environment ; Quter naritic, no coarser erngenaus matanal accumulated
Fig. 8 : Giobortalia Biomicrite (A) (100 X)
Fine grained, highly fossiiferous, with abundant planktonic Foraminifera

particularly Round-keeled Globorotalas, together with Globigenna spp. Benthonic
Foraminifera common,

Age . Early Paleocene (Danian),
Locality : Gebal Duwi, sampla B4 (21/D)
Environment : Deep marine, of at least semi-pelagic character,

Fig. (5) Biostratigraphic comelation chart of the upper cretacecus successian in the
eastem desen, Egypt

Fig. {6) Comrelation of the Maasinchtian calcareous nannoplankton zonas in Egypt
with their equivalent in other parns of the word

Deta J Son 200630 165183
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SUMMARY AND CONCLUSIONS

The invastigation of ihe Late Crelaceous in the four surface sections Eastern Desed in Upper
Egypl: Gebel Duwi and Esh E| Mellaha Range (W. Maollaha & G, Tarboul) Red Sea Coast,
Gebal Owalna on the Mile Valley was underaken. This lead to the classfication of such
sucepssion into the following rock stratigraphic wunils; armanged fram fop Lo Dase as;

Crviina Shale
—— 1. Dakhla Shalg ==~
Sharawna Shale
2- Duwi Phosphate
1- Quseir Variegated Shale and Mubia Sandslong
These rock units have a reglonal distribution and be used as a basis for detailed mappang,
This succession was roned on the basis of s nannofossil coment. The proposed zones
were correlated with those recognized in olthes parts of the world, arranged from top to base
as:
4, Nephrolithus frequens Zane
3. LRhraphidites quadratus Zone
2. Arkhangelskieia cymbiformis Zone
1. Quadrum trfidum Zone

The study of stratigraphic renges of the planklonic feramenifera found confemporaneous
with these nannoflora in such succession aided in delineating three microbiostraligraphic
zones, These rones were equaled with the previcusly manfioned nannabiozones through a
migh resolution biostraligraphy. Furtharmore, both biosiratigraphic zonations were correlalable
with comesponding successions in other parts of the world This sont of study resulls in a
numiber of interesting conclusions,

A comprehensive nannopaleontologic $tudy of the Upper Crelaceous Lower Teriary
succossion comprises a detailed laxonomy for the nannofossil assemblages recorded (El-
Dawoody, 18781 This led to the identification of around 30 nannofossl spacies belonging 1o
18 ganéra in DuwilDwaina sections, the most-commaon of which are related {o the physical
stratigraphy of 1he area under investigation through two cleary drawn distributan chants (Figs
4a, 4b).

Thie lowes! Tormations cropping out in the studied region are at Gebal DuwifOwaina - Esh
&l Mellaha sections. These are the Variegated Shale and Phosphate formations which may be
dated, on the basis of megafossils and of nannefossils {Quadrum trifidum Zone) rather than
microfossils, as of Campanian — Maastrichtian,

The Sharawna Formation is of Maastrichtian age, It is character-ized by two nannofossd
assembiages representing a lower Arkhangeiskiella cymbiformis Zone and an upper
Lithraphidites quadratus Zone. The Arkhangelskella cymbiformis Zone falls within the
globolruncana gansser / Haterohelix giobulosa Zone at Gebel Duwi. occupies the lower pan
of such zone in both Owaina and Esh EIMellaha Range, Lo the north. ail are of an Eardy-
Middle Maastrichtian age. The Lilhraphidites quadratus Zone occupies the upper pan of
Globatruncana gansseri Zone in the lafler seclions, the two Zones are of Msddie-Late
Maastrichtian age,

in Gape| Duwi, on the other hand, the Liih ri;:.ihldiIEE guadraius Fone disappears, due to
the presence of an intraformational conglomorate, and the MNephroliihus frequens Zone

Deits J Bei, 2008, 50, 165183
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directly overfies the Arkhangelskiella cymbiformis Zone. The disappearance of 1ha topmost
Nephrolithus frequens Zone toward the nonh is oue lo the présence of an intraformational
conglomerate, bul of higher lével than these found Gabel Duw This is achleved by the
présence of incomplete Globotruncans esnehensis Zong @t the tampost pan of the Late
Cretacsous al Gebel Cwaina on the Nile Vallay

The Black shales capping the Sharawna Formation are barren in their microfossil and
nennofossil contents, bul with an arenacecus foraminifaral assembiage in few thin calcareous
bands Intercalating these shaies Such en assemblage marks the Maastrichtian (Late
Cretaceous) in many parts of the world. The presence of a conglomeralsc Bad with reworked
Maasirichtian fossils and some glauconites between the Maastrichtian and Early Paleocens in
Gebel Owaina shows that an uplift mast have cccurred &t the end of the Lale Crelaceous

It was possible from the lliho- and biofacies sludies 1o recognize tha deapositanal
environments of ihe different formations. The Late Cretacecus succession was accumulaied
under variable conditions. |t started with multi-colored shales refiecting shallow and stagnant
af toxic bottam conditions. This Is foliowed by lecustrine enviranment whereby phosphatic
remains, omanic granules and rounded bodles were allowed to gilile down, MNex to Lhis
phase. deepening took place and resulied in the formation of fine grained calcnmouws
deposits,

The detziled comelation of the Khostratigraphic units as well as (he nannoplanklon rones
and planktonic foraminiferal zones of the studied saclions makes possibie the mona accurate
comelation of other Upper Crelaceous sections in Egypt
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- Quadrum frifidum Zone:

This zone lles al the base of the Maastnichlion succession in Gebel Duwl just underlying the
Arkhnpelkialla cymbiformis Zone, 0 is deflined here by the full range of Quadrum trilldum
(Stradner), s lewer boundary is unclear tha is due to the presence of an inlraformational
conglomerate, It spans tha intenval from the first occumence of Quadrum infidum (Stradner) to
the level of appearance of Arkhangelskiella cymbiformis Vekshina at [ha Campanian -
Maastrichlian boundary. Roih {1973) described a tolal range zone of Tetralithus trifidus (=
Tatralithus gothicus). which in the Kef section, Tunisia (Verbeek, 1977) exiends higher than
our Tetralithus gothicus (partial range) Zona. Qur zone prabably coincides with the lower pan
of tha Arkhangeiskiella cymbiformis Zone. The most-common and diagnostic species are:

Coccolithus bamesae [Black)

Cribrosphaerella ehrenbergi (Arkhangeisky)

Eiffellithus turriseiffell (Deflandre)

Micula stauropkora (Gardet)

Quadmum ftrifidum (Stradner)

This zone is equated with the lower parl of the Globolruncana fomicala zone of
Campanian — Maasirichlian age in Gebel Duwi,
2= Arkhangelskiella cymbiformis Zona:
This represents the lowest recognized calcarecus nannoplankion zone in Cwaina section. It is
recorded in the uppeérmos! pan of Lower Sharawna Shale logather with the major parn of
Middle Sharewna Mad members of Gebal Owmaing, assuming a thickness of around 16
maeters, Such members are distinguished by (he frsd flood of Arkhangelskiella cymbiformis
Vokshina, afier which ihis zone s colned, It B usually associaied with multiple of calcareous
nannoplankton species fhat characterze the Maasirichtian in many pars of the word,
including the type Maasinichiman of Holland (Bramleiie & Martimi, 1964) The most —common
and diagnosiic specias ans:

Ahmuellerella actoradiala (Gorka)

Arkhangaelskiella obbiua Siredner

Chiastozygus litterarius (Gorka)

Cretarhabdus crenulalus Bramlette & Martin|

Cribrosphaerella ehrenbergi (Arkhangelsky)

Eiffeflithus turrisoaffeli (Delflandre)

Kamptnenus magnificus Deflandre

Microrhabdubus decoratus Deflandra

Micula staurophora (Gandel)

Prediscosphaera columnata (Stover)

Prediscosphaera cretacea {Arkhangelsky)

Vakshinella crux (Deflandre & Farl)

Walznauefia bamesae (Black)

Zygediscus spiralls Bramietie & Martini

The zone under investgation may be comelsted with Tetralthus nitidus trifidus zong of
Bukry & Bramiette (1870). following them Cita & Gariner (1968) in tha North Atlantic. The
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aquivalent of the later zone under the name Tetralithus gothlcus ifidus zona was previously

traced by Perch-Niglsen et al (1978) in the Nile valley, Egypt, the same locallly of the present
work. They applied such zone o the lowest par of their succession irespective 10 the first
appearence of the nominate species chearty shown by Roth & Thierstein (1972). In Gebel
Owaina, the Arkhangelskiella cymbiformis zone coincides with the upper pan of the planktonic
faraminifaral Globalruncana farnicala zone togethar with the [owermosl pant of Globotruncana
ganaser zone densting an Early — Middle Maastrichtian sge. The boundary of such zone is
marked by the first occurrence of Lithraphid®es quadratus Bramlette & Martini,

3- Lithraphidites guadratus Zone;

This zone Is met wilh in the next 32 meters within the uppai mos! pait of Middle Sharawna
Marl together wilh the major part of Upper Sharawna Shale members just overlying the
Arkhangalskiella cymbifonmis zone In Gebel Owaina, It is defined hene by the firs) occunmenca
of Lithraphkdites quadretus Bramiette & Maninl and corresponds to the full range of that
marker specles. The upper boundary of this zone is nol well defined. Such zome is
characterized by 8 calcareous nannoplankion assemblage, nch in specles common in the
Arkhangelskielia cymbliormis zone bul withoul Kampinerus magnificus  Deflandre and
Prediscosphaesra columnala (Stover). Beside the distinclive marker species of the zone, ihe
following species are also recorded

Cretarhabdus conicus Bramietie & pMartini
Lithraphidites carmiclensis Deflandre
Paonlosphaera mullicasingla (Gamner)

Zygodiscus pseudanihophomns Bramlstte & Martini

The Lithraphidites quadralus zono was first introduced by Cepek & Hay (1968) a1 is
lacality in Wilcox County, Alabama. it was defined as the interval from the first occumence of
Lithraphidiies quadratus Bramilette & Martind to the firsl occumence of Nephrolithus frequans
Gorka. The definition of his zone a5 used haere differs from that given by Cepak & Hay due 1o
the |ack of the nominale taxa characteristic to the top boundary of such zone. In Gebal
Crwaina, this zone spans the major upper par of the plankionic foraminiferal Globolruncana
gansseri zone both of Middle - Late Maastrichiian age 11 matches with the upper parl of
Arkhangelskialla cymbiformis zone previousiy known by El-Dawoody (18700 and El-Dawoody
& Barakat (1973) in Duwl Range, Red Sea Coasi Again ithe Lithraphidites quadratus zone
represants the younges! Maastrichlian nannofossil zone in Owama section,

4= Nephrolithus frequens Zone:
This zono caps tha Maasirichlian succession in Gebel Duwi just overlying (e Arkhhngelkielia
cymbiformis Zone. 1 is defined here by the full range of Nephrolithus frequens Gorka, its
Iowar boundary |8 unclear that is due to the presence of an intrafarmational conglomearate, It
spans the interval from the first occurmence of Nephrolithus frequens Gorka 1o the level of
extinclion of most Cretaceous species at the Crelacecus — Terliary contact (Cepek & Hay,
186%), The late Maastrichtian of the type section belonges to the Nephralghus frequens Zone
and has been shown 1o occur mainly in high latiudes Upper Maastrichiian (Martini & Worsley
1571). The most-comumon and diagnoslic spacies ana:

Chiasiozygus Efterarius (Gorka)

Cretarhabdus conkcus Bramiatts & Marini

Lithraphidites carniolensis Daflandre

Microrhabduius decoratus Defllandre

(helta J. Sci, 2006, 30, 183-183
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MNephrolithus frequens Gorka

Vekshinella crux (Deflandre & Fed)

Zygodiscus spiralis Bramletia & Martini

In Gebel Duwi, the Nephralithus frequens Zone coincides with the planktonic foraminiferal
Globolruncana esnehensls Zone giving rise to a Late Maasrichtian age,

A biostratigraphic corelation of the previously mentioned calcareous rannoplankion zonges
within the Upper Crefaceous succession in the Eastern Desert. Egypt i shown in Figure 5.

The occurrence of the Egyplian nannablozones recorded in the present study logether wilh
ihelr thicknessas in majars ane shovwn 85 Tollows.

R

| Localities
Mannobiozonas Esh E| Meilaha
| G.Owsina | GDuwi | WadiMellaha = G. Tarboul |
4. Nephrolithus freguens Zong — ' 25.00 e saan
3, Lithraphidites guadralus Zone 32.00 - 34 80 35,00
2. Arkhangelskiella cymbiformis 16,00 35.00 12.50 24, 00
1. Quadrum trifidum Zone - | 2500 S [

CORRELATION AND AGE ASSIGNMENTS

This part Is mainly concemed with the analysis of studied nannofloral assembmages within
Duwi / Owaina / Esh El Mellaha stratigraphic sections. |l makes possible the zoning of such
sechons i a way thal would make the interegional corfelations of the Upper Crela-ceous
succession feasible. The recorded nannaflera, in comaboration with cther microblosiratigrachic
foods. bulkd wp the main skeleton of such frial Accordingly chronostratigraphic unds are
encouniered, their succassion is as follows

1. Campanian-Maastrichtian:

The Dwwi Phosphate Formation did nol yield any dentifiable plankienic Foraminifera, s
calcareous nannoplankion contant is only restricied o the manar uppermost par of the sactiin
which seams (o be of Maasirichtian age It 5 considered hare as & transitional Slage behven
the Campanian and Maasinchlian fof (ha following reassns

The Duwl Phosphate Formation is conformably overain by & planklonic foraminiferal zone
as well as calcarecus nannoplankion zone cormelptable with similar zones in other pans of the
world, which are of Maastnctian age

The vaned veriebiale fauna of the Duwi Phosphate Formation occurs in Europe in strata
of Coniagian - Campanian agé.

Most of the recorded Pelecypod fauna were considered by wvangus aulhors to be of
Campanian age, excepl for 8 few fonms which may range into the overlying Maastrichilan,

The Duwi Phosphate Formation could be comrelaled with similar depasits in the Esna -
Duwi region, Kharga and Dakhla Oases, and with the coresponding deposits in the Middle
East and Morth Africa. These deposas are considered 1o be of Upper Campanian age.
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