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Chapter l. Bistratigraphy

IIL. Biostratigraphy

This chapter deals with the biostratigraphic classification of
the Upper Cretaceous-Lower Eocene succession crops out in the
Farafra Oasis. Most of the rock samples fiom the foureen
measured stratigraphic sections yield rich and diverse planktic and
benthic foraminiferal assemblages.

ln the present study, 191 foraminiferal species are
identified, of these 91 planktics and 100 benthics. In general, the
preservation of the specimens is good except for the Early
Paleocene specimens. The most important foraminiferal species
are photographed in the laboratories of the Egyptian Mineral
Resources Authority (E.M.R.A.) by using the Scanning Blectron
Microscope (SEM). They are depicted in 9 plates. ln addition, the
most important macrofauna recognized in the studied Upper
Cretaceous-LOwer Eocene succession are identified,
photographed, and depicted in two plates (plates 10-11).

The taxOnomy of the Late Cretaceous and Early Paleogene
planktic foraminifers adopted herein is that of Loeblich and
Tappan (1988) for the planktic &oraminiferal species with some
modification given by Olsson et al. (1992, 1999) and Berggren
and Norris (1997) for the Paleocene age (Table 3.1). The
systematic description of the benthic foraminifers is beyond the
scope of the present work Benthic foraminiferas encountered in
the studied succession are only counted to obtain the
Planktic/Benthic (P/B) ratio, whic is used with other depth
indicators in paleoenvironmemtal interpetation.
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The following table discusses briefEy the anangement of the
identified planktic foraminiferal species aecording to their
systematie position as.

TAble 3.1 The arrangement of the identified plamktie
species according to their systematie position.

Panktic foraminifera
Order: Foraminieria Eichwald, 1830

Suborder: Globigeriina Delage & Herouard, 1896
Superfamily: Feterohehicacea Cushman, 1927

$. Ramily enus Species ٣ig٠\.Pا٧ No.
1 Gwemhelitriidge Gwemheliria cetucea

2
Montanaro Glohdconusa daubjergensis / 1Gallitelti, 1957

3 CbikogwemHelinidae Chilogumhelina
morsei

5 miawayersis
6 globwlosa
7 Heterohelix CWrrOeHSIS

8 rewssi
9 striata
10 1

Phanoglebulina1 labrata 6
12 Feterohehieidae Pscwdotexuaria eleganr 7
13 Racemiguembetina fucticosa 8
14 bowelli 9a-d
[5 costtlata 10
16

Rseudoguembelina
ercolata ١1

17 hariuensis
١8 palpebra 12
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Superfamiy: Planomalinacea Boli, Loebich & Tappan, 1957

$. Family GenUS Species } PL. { Fig.
No.

19 GtobigerinelloiidAe Glohigerielloides { أprairiekillensis أ 13a-bا Loncoria, 1974

Superfamily: Rotaliporacea Sigal, 1958

Family

Hedbergellidae
Locblieb  &ي

Tappan, 1961

Genus

Hedbergella

Gtobaromalind

Pseudohdstigerind
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Chapter ll. Biastratitrephry

Superfamily: Clobotruncanacea Brotzen, 1942

Family Cenus Species P. Fig٠

C07tSd 2 3a-b
Contusotrucana frnicata أ 48-c

pticaka

GمdRsserina } gansseri ١ 2 [ 5a-e
wiaemmayeri
«egyptiaca 6a-lobotruncanidae

Rrotzen, 1942 arcd 7a-٥
balloides 2

8a-b35
36 Globotrunccn duni 9a-b
37 {inneiana

38 mariei
 ن

39 orientalis 2 ] 10a٠b

1a-b40 ا rosettd 3
4١ conca
42 Glohofruncdnita

$twarti 4a-b
 ب

43 sttartiformis 3 3a-c
ClobotrumcaDidae44 ص pettersi 2a-bBrotten, 1942
45 Rugorwncana wbcircumrodifErى 

46 lobotrwarcanella havarersis
347 ٤ا5 petaloidea

Superfamiy: Cloborotaiiacea Cushman, 1927

Family Genus $Species ١ P.

3RagoglobigernaRwgoglobigerinidae

SuhbotinA, 1960

scotti
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S. Ramily Gerus Species P1. ٢ig.Na.
53 incOrscInt$ 1a-b
54 Prdemurica trinidaensiS 2a-b
55 cinala 4 3a-b
 بن

56 kgorina
albeari 4a-b

57 pwsilla 5a-b
 ي

58 africanu
59 rgulosa4 ه { 7a-b
60 orVeFu

6]
 د

62 Truncoroذt loiidae intermad
63 Lسeblicl & 'Tappan mc#hrcF 8a-b
64 196٤ mitaa 9
65 perldrdrneratd ١1
66 Acarinina primiiwa 10

67 sibaiyaensis 12a-
4 C

68 soldadoensis 14a-
b

straboceila 13a-
c

wilcoxersis 15a-
b
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Superfamily: Gkobigerinacea Carpenter, Rarker & Jones, 1862

Ramily

Globigerimidae
CarpeBter, Rarker &

Jones, 1862

Genus

paraswbbotina

$bbotima

Speeies

The idenified planktic foraminiferal zones are compared
with their equivalens in neighboring areas and in the world (Figs.
3.1 & 3.2). The vertical distribution of the planktic species is
essentially used to establish a biostratigraphic classifcation for
the Upper Cretaceous-Lower Eocene succession of the FaraFia
0asis.
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The Maastrichtian rocks in the stdied stratigraphic
sections of the Farafra Oasis are classified according to the
schemes of Li and Keller (1998a, b) and Li et al. (1999). Their
biozonations are similar to the biozonations of Caron (1985),
except for the irterval encompassed by the two Late Maastrichtian
biozones: Gansserina gansseri Zone and Abathomphalars
mayaroensis 'Zone, which are subdivided into seven biozones
(Fig. 3.1). Each biozones has been kabeled CF for Cretaceous
foraminiferal zones and mumbered from youger to older (CF]­
CF8).

For the Paleocene-Early Eocene interval, Berggem et al.
(1995) and Berggren and Norris (1997) planktic zonations are
wsed in the present stdy. These zonal schemes are emended by
Pardo et al. (1999); Berggren et al. (2000) and BergGren and
Ouda (2003a). Eleven planktic foraminiferal zones are
distinguished in the Upper Cretaceous-Lower Eocene succession
of the Farafia Oasis. These are three in the Late Cretaceous
bottomed by a barren interval. The Danian is subdivided into two
biozones; bottomed by a hiatus in the K/T boundary. The Late
Paleocene is divided into two zones, while the Early Eocene
inciudes three zones (Fig. 3.2).

The following is the description of the established planktic
foraminiferal biozones arranged from older to younger:

[Il.1 Late Crefaceous biozones

Barren interva}

The exposed part ofEl-HefhufFommation in the Farafra Oasis
is found barren of any foraminiferal tests. This part attains
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about 34 thick at south Wadi Hennis and 11m thick at east
Shakhs El-Obeiyid. The clastic sediments of El-Hefhuf Formation
are considered to be of Santonian age according to their
stratigraphic position and to the previous palynological
investigation of Ibrahim and AbdeH-Kireem (1997) and Abdel
Mohsen {2002). Whike, its upper carbonate sediments are dated to
be of Campanian age based on their stratigraphic position. ln
addition to, the presence of the larger Pycnodonte vesicwlaris
(Lamarck) and Neithea coguandi (Peron) as well as shark teeth
and fiagments of fish bones. In Sinai, Khalil and Mashaly (2004)
defined the Santonian-Campanian boundary by the first
appearance of Pycnodonte vesicularis (Lamarck) at the contact
between the Matulla Fommation and the snow white chalk of the
Sudr Fornation.

The Campanian-Maastrichtian boundary in the Farafra Oasis
is defined at the contact between El-Hefhuf Formation and the
overlying Khoman Fommation. The latter ascribes to the
Rugoglobigerina hexacamerata (CF8b) Zone. This contact
coresponds to the upper portion of the Duwi Formation of Late
Campanian-Early Maastrichtian age in the Nike Valley (Faris,
1984).

1. Rugogtobigerina hexacamerata lnterval Zone (= CF8B)

Author: Li et al. (1999).

Estimnated age: 71.0-70.39 Ma (Eary Maastrichtian).

Definition: This interval zone starts from the first appearance
(FA) of the Rwgoglobigerira hexacamerata (BrOmnimann) at the
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base to the first occurrence of the Gansserina gansseri (Boli) at
the top.

Stratigraphic position: This zone is recorded from the basal part
of the Khoman Fommation. Ft attains about 28mn thick (samples 1-
30) in northwest Ain Maqfi section (Fig. 3.3).

Planktic faunal content: This Zone is found rich in its panktic
foraminiferal tests (Fig. 3.3). The most dominant species recorded
in this zone include: Gobotrwcana arca (Cushman), G.
aegptiaca Nakkady G. oriemtalis El-Naggar, G. duwi (Nakkady),
G. blloides Vogler, G. tinneiana (dOrbigny), Globotrurcanita
startiformis (Dakbiez), G. starti (de apparent),
Contsotrwncana formicate (Plummer), Rwgoglobigerina rngosa
Plummer, R. macrocephala Brbmnimann, Heterohelix globulosa
(Ehrenberg), H mavaroensis Loeblich, H، reussi (Cushman) and
H. strita (Ehrenberg).

Benthie faunal content: The most irportant benthic specIes
recorded in the Rugoglobigerina heracamerata Zone include:
Holivinoides draco (Marsson), B. decoratus (Jones), Nodosaria
semispinosa LeRoy, Fseudoclavlina mafiensis (eRoy),
Gaudryina pyramidata Cushman, Bolivinopsis miuta (Said &
Kenawy}, Praebulimin carseyae (Plummer), Sitella cushmani
(Sandidge) and NeofTabliina rugosa (dOrbigny).

Renarks: Li et al. (1999) divided the Maastrichtian Stage into
two substages (Early and Late). The planktie foraminiferal
specialists considered the first appearance of the Globotrwncana
aegptiaca (CF8) of Ei and Keller (199&a, b) as marker for the
Latest Campanian-Earliest Maastrichtian age. Recently, Li et al.
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1999) subdivided the Globotrrcane aegyptiaca (C&} 1to two
sbzones: CF8a and CF8b (Fig 3.1,

٩٤ ي٤ ٤

٤ ة ع٤ ٩3 إK6 ا ة a=6
 الو

١
#ig. 3.3 Freeney distrihtion of the planktie foraminiferal species of

he MaustriehtiAn rweks emnsed in ortlmwgst Ain Maofi areg.
nnrthest Farafra 6asis.

THe presen Rugoglobigerina hexacamerata Zone could be
correkated with other zones described from Egypt such as
Globotrwmcara formcata Zone of El-Naggar (1966) and Ansary
and Tewfik (1966) and Gtobotuncanafalsostuart Zone ofAbdel
Kireem et al (1995). This zone is also equivalent to the upper
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Outside Egypt, the Rugoglobigerina hexacamerata Zone is
equivalent to the top part of the Globotrwncama tricarinata Zone
of Barr (1972) fom Libya. This zone is also equivalent to the
upper part of the Globotrucana falsostuarti Zone, which was
recorded by several authors such as Robaszynski et al. (1984) in
Europe.

In the Farafia Oasis, the Rugoglobigerina hexacumerata
Zone is equivalent to the Globotrucana formicate Zone of
Youssef and Abdel-Aziz (1971) and the Gtobotruncana
aegyptiaca Zone of Abdel-Kireem and Samir (995) from Gumna
North. Recently, this zone is recorded by Tantawy et al. (2001) in
the Western Desert of Egypt.

2. Gansserina gansseri Partial Range 'Zone (= CR7)

Author; Brbnnimann (1952) introduced this zone for the first
time as Globotrwncana gansseri from the Barly Maastrichtian of
Trnidad. Since then it is recognized worldwide.

Estimated age: 70.4-69.6 Ma (Early Maastichtian).

Definition: This zore covers the interva! from the first
occuIrence of the Cansserina gansseri (Bolli) at the base to the
first occurrence of the Comtuotruncana contusa (Cushman)

Stratigraphic position: The Gansserina gansseri Zone is
recorded from the middle part of the Khoman Fomation. It
attains about 1Im thick in northwest Ain Maqfi (Fig. 3.3).

Planktic faunal content: The Gansserina gansseri Zone is very
rich in its planktic foraminiferal species (Fig. 3.3). The most
commor species which were recorded in this zone and extended
from the underlying zone are: Globotwcana egypfiaca
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Nakkady, G. orientalis El-Naggar, G. linneiana dOrbigny,
Globotrwncanita stuartiformis (Dalbiez), G starti (de
Lapparent), Contusotruncana fornicata (Plummer},
Rugoglobigerina rugosa Plummer, R. macrocephala
(Brdnnimann), R. scotti Brbnnimann, Heteroheli globwlosa
(Ehrenberg) and H. reussi (Cushman). The distinctive planktic
species which start it occurrence with this Zone are
Globotruncarita pettersi (Candolf), Gamsserina wiedemmayeri
(Gandolfi), Pseudoguembelina costlata (Cushan),
Pseudoguenbelina ercolata (Cushman), Psewdotextwlaria
elegans (Rzehak), Planoglobwlina carseyae (Plummer),
Rwgoglobigerina cotti Bromnimann and Gtobotrwncaella
havaenSis (Voorwijk).

Benthic faunal content: The common benthi species recorded
in the Gansserina ga»sseri Zone are gererally those found in the
underlying zone.

Remarls: The planktic foraminiferal specialists considered the
first appearance of the Gansserina gansseri (Robaszyski et al.,
1984, Caron, 1985 and Li and Keller, 1998a, b) to define the Late
Maastrichtian substage. The FA of the Abthomphalus
mayaroensis Bolli was adopted by Boersma (1981) to delineate
the Early/Late Maastrichtian boundary. They considered the A.
mayaroensis Bohli as a not reliable irdex species. However, it has
been found that Abathomphalts mayaroensis Bolli is very rare or
absemt in the high latitude regions and is relativeky shallow water
fauna due to its deeper dwelling habitat (Dupuis et al., 2004 and
Master, 1984). Bralower' et al. (1995) proposed that the
Early/Late Maastrichtian boundary can be placed at the base of
Chron C30n, which corresponds to the middle of the
Racemigembeiia fructicosa Zone (=CF4) of Li and Keller
(1998a). Li et al. (1999) used the base of CF4 Zone to define the

109



Chapter Ml. Bostratigraphy

EدnارهآeMآومم aص Bo n .و«&م ا Bs iErresent, ر&و
author follows Gradstein et at. (1995) and Li and Keller (1998a,
b) by using the PA ofthe Contusotruncana contusa {Cushman) at
69.56 Ma as a marker species for the Earlyate Maastrichtian
boundary.

The Gansserina gansseri Zone is syonymous with the same
recorded zone by Wonders (1980), Li and KeHler (1998 a, b), Li et
a}. (1999) and Tantawy et al. (2001), and also with the lower part
of the Gunsseria garsseri Zone of Bolki (1966), Robaszynski et
al. (1984) and Caron (1985). In the Farafra Oasis, this zone is
equated with the lower part of the Gansserina garsseri Zone
which recorded by Youssef and Abdel-Aziz (1971), Samir (1994)
and Abdel-Kireem and Sair (1995). It is also euivalent to the
kower part of the Gansserina garsseri Zone of El-Nady and SShain
(2001), El-Bassiouni et al. (2003) and Khalil and Mashaly (2004).

3. Cotusotrwncana contusa/ Fsewdlotextlaria intermedia}
Racemiguenbelina fracticosa} Fscudogwembelima hariaensis
Interval Zone (= CF6-CF5-CF4-CR3 Undifferentiated)

Author: Dalbeiez (]955) introduced the Globotrcana contusa
Zone for the first time from the Late Maastrichtian of Tunisia,
while the CF5-CF4-CF3 zones are emended by Li and Keller
(1998a).

Estimated age: 69.56-65.45Ma (Late Maastrichtian).

Definition: This zone covers the interval from the frst
occurrence of the Comtusofrwncana contsa (Cushman) at the
base to the appearance ofthe Paleogene taxa.

Stratigraphie position: The Contsotrwcana contsa/
Fseudotertlaria intermedia/ Racemigwembelina fructicosa/
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Pseudoguembelina hariaensis Zone (CF6-CF3) Zone is recorded
from the upper part of the Khoman Foration exposed in the
Farafra Oasis. It attains about 5m thick at Shakhs El-Obeiyid
section, 28m thick at northeast Bir Bidni and 17m thick at
northwest Ain Mafi section (Figs. 3.4).

Planltie fauna} content; The most dominant planktic species
recorded in this zone are those extending from the uderlying
zone Such as Contwsotruncaa formicata (Plummer), G. plicata
(White), Racemiguembelina fcticosa (Egger),
Pseudogembelina hariaensis Nederbagt, Heteroheli globulosa
(Ehrenberg), H. renssi (Cushman), Rseudogwembelina palpebra
(Brdnnimann and Brown), P. excolata (Cushman), R. costlata
(Cushman), Pseudotextwlaria elegans (Rzehak), Planoglobulina
glabrata (Cushman), Gtobotruncara aegptiaca Nakkady,
Gtobotruncanella havanensis (Loeblich), Rgoglobigerina
rwgosa Plummer, Ragogtobigerina macrocephala Brdmnimann,
Globigerinelloides prairiehillensis (Passagno), Hedbergella
holmdelensis (Olsson) and Ragoglobigerina scotti (Brnnimamn)
in addition to Comtusotrwncana contwsa (Cushman) (Fig 3.4).

Menthie fauna} content; The most diagnostic species that
recorded in this zone are those recognized in the underlying two
zones in addition to Saracenaria triangulars (d'Orbigny), Lagena
swlcaua (Walker & Jacob), Anomalinoides sinaensis Said &
Kenawy, A. grandis (LeRoy), Neolabellina jarvisi (Cushman),
Clawkinoides tilaterus (Cushman) and Tritaxia barakai Said &
Kenawy. The end of the Maastrichtian is marked by the
disappearance of several forms; the most impoRant of them are
Bolivinoides draco (Marsson), Bolivinoiaes decoratts (Jones),
Meoflahellina rwgosa (dOrbigny), Herneuilina aegyptiaca
(Cushman) and lagiliropsis austinamai (Cushman).
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FFegUEnCy dIgIrbunon 0 Ie plankTIc FargnknLeral Spم ».د 
the Maastrichtian rocks exnosed i northwest Bir Bidni Area,
northwest Farafr» €bAsis

Maerofossil eontent: The top part of the Khoman Fommation that
belongs to the Cansserira gmsseri and Cortusotrwrcdna
-ontua/ Pseudotextularia intermedra} Racemigembelima

frcticosa/ Rseudogwemnbelina hariaensis Zones include th
following macrofossils: Lyropecten (Aegwipectem) mayeremari

pordylus dutempleamus dOrbigny and Agerastrea؟ 
gulata (Schlotheim) among the bivalves as well as the

Burtiwela solarioides Wanner and Terebratulina graeilis
Schlotheim among the gastropods and bracbiopods respectively.

Remarks: This Zone is considered herein as the yougest
Cretaceous Zre tecorded in the Farafra Oasis. At the
Maastrichtian/Danian boundary of the Farafia Oasis, several
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،،

remarkson thepiankiic foraniniFErs are observedsucb as ًBhe
-tinction of all Cretaceous species (tropical-subtropical and
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(P1a) Subzone and 3Sabbotina filoculinoides-Globanomaliwa
ompressa (PIb) Subzone ir the Early Paleocene period areن 

mnssing. This hiats is also recorded by many authors (6.g,
Youssef and Abdel-Aziz, 1971; Hermina, 1990 and Abdel­
<ireemm and Samir 1995) in the Farafa Oasis due to regional
ectonic activity. Abdel-Kireem et al (1995) also recorded this
hiatus in two deep wells from the northern part of the Western
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the Abathomphalws myaroensis Zone recorded in the Caribbean
(Premoli Silva and Bohli, 1973), in the western Mediterranean
(Wonders, 1980) and the upper part of the Gansserina gunsseri
Zone and lower part of the Abathomphalus mayaroensis Zome of
Caron (1985) and Bolli (1966). Abdel-Kireem (1986) recorded the
G3lobotruncana contwsa Subzone from the latest Middle
Maastrichtian ofthe Tanjero Fommation, northeast Iraq as a part of
the Glohotruncara aegyptiaca-happeremti-stuarti Assemblage
Zone and mentioned that the lower boundary of his subzone is
characterized by the first appearance of Globotruncana contwsa
and G. conica, while its upper boundary is characterized by the first
occurrence of the Abathomphalws mayaroensis Bolli. In the
Farafra Oasis and according to the faunal similarities, the preseRt
(CF6-CF3) Zone could be correlated with the upper part of the
Gansserina gansseri Zone of Youssef and Abdel-Aziz (1971),
Hemina (1990) and Abdel-Kireem and Samir (1995) (Fig. 3.2).

In fact, the zonal scheme ofLi and Keller (1998a, b) can not
be applied in the present study because the Gtobotrumcara
limneiana (dOrbigny), Rseudogwembelina hariaensis Nederbagt
and Racemiguembelina fructicosa (Egger) are sporadically and
rarely recorded in the studied sections.

Samir (2002) subdivided the Raceniguembelina fructicosa
(CF4) Zone of Li and Keller (1998a) into subzones:
Racemigwembelina frwcticosa Subzone (which is defined from
first appearance of the nominate taxon to the FA of the
Abathomphalus mayaroensis Bo!li) and the Abathomphalus
mayaroensis Subzone (which extends from FA of the
Abathomphalus mayaroensis {o FA of the Pseudogwembelina
hariaensis Nederbagt). As previously mentioned, the
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Abathomphalus mcyarcensis Bolli is considered as unreliable
index species in the low latitude sections.

Il.2 Paleoeene biozones

4. Paruldrugoglobigerina euguhima-Rraemurica uncinata
Zone (= P1)

Author: Berggren and Mibler (1988). This zone is emended by
Berggren et al. (1995).

Estimated age: 64.9-61.2Ma (Danian).

Definition: The Parvlarugoglobigerina eugubina-Praemurica
wmciata Zone is defined as the biostratigraphic interval between
the LA of the Parwularwgoglobigerina eugubina and the FA of
Praemrurica wncindtd.

Remarls; The Parwularugoglobigerina eugubina-Rraemurica
uncinata Zone is subdivided by Berggren et al. (1995) into three
subzones labeled P1a, Ptb, andPlc. Arenillas et al. (2000) called
this subzone as Parasubbotina pseudoblloides Zone. Keller and
Von Salis (1995) divided the Early Danian into two zones: P0 and
P1 (equivalent to P0, Pa and P1 of Berggren et al., 1995). They
subdivided their P1 Zone into four subzones labeled Pla, P1b,
Plc and P1d (Fig. 3.6). ln the Farafia Oasis, the Plc Subzone lies
directhy on the Cretaceous planktic taxa.

Gobanomalina compressa/Faeuricd
Pdemurica wrcinata lnterval Subzone (=P1e)

inc0#Stums>

Author: The Glohanomalima compressa/ Praemurica ircorstans­
P. uncimata Lnterval Subzone is defined by Berggren et al. (1995)
which is equivalent to subzone Pe in Berggren and MilIer
(1988).
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Fig. 3.6 Correlation between biozonal sehemes of Bergger et al (1995),
Keller et al. (1995), Arenihlas et al, (2000) for fhe Earhy Daniam
age.

Estimated age: 63.0-61.2Ma (Late Danian).

Definition: This biozone covers the biostratigraphic interva}
between the FA of the Globanomalina compressa (Plummer)
and/or Praemwrica inconstans (Subbotina) at the base and the FA
of the Praemwrica wncinata (Bolli) at the top,

Stratigraphie position: The Gtobanomclina compressa­
Praemurica wncinata Subzone is recorded from the lower part of
the Kharga Shale Member of the Dakhla Formation in the Farafia
Oasis. Ft attains 12m at Shakhs El-Obeiyid section, 7m thick at
northwest Bir Bidni section, Sm thick at northwest Ain Maqfi and
Ain Maqfi and 4m thick at Bir Murr.

Planktie faunal eontent; The Globanomalina compressaأ 
Praemwrica inconstans- P. umcinata SSubzone is very rich in its
faunal content (Fig. 3.7). The most dominant planktic species
recorded in this zore include: Globoconusa daubergensis
(Br6nnimann), Globanomnali4 comnpressa (Plummer),
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Puarasubbotina pseudobulloides (Ptummer}, Rarasubbotia
warianta (Subbotina), Subbotia trtloculirotdes (Plurmer,
Praemurica iconstams (Subbotina), Praemrica triidadensis
.Bolli) and Chilogwembeltna midwayensis (Cushmann.

ig, 3.7 Jrequeney distribution of the planktie foramiiferal speeies ofا 
the Lpner CretAceOuS-LOwer Bocene rocks erposed in Bir
Murr area. east Farafra 0Asis.

Bentie faunal content: THe most abundant benthic species
recorded in the Globanomalina compressG-Praemwrica wwcincta

·bzone are: Cibicidoides fanafruaemsis {LeRoy), Spiroplectinella
entata (Alth), Lenticwlima midwayensis {Plummer), L. ohesaه 

• 54akkady), Pseudoclawwlina magfiensis (LeRoy) and P
. fiaensis (LeRoy).

acrofossils content: 1he predominant macrofaunal species in
the Gtobamomahina compessaPraemwrica ircorstams­
Paemwrica wncimata Subzone is the Terebratula tibyca Wanner

- -etaceous/Tertiary boundary in the Farafa Oasis.
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Remarks: Berggren and Norris (1997) proposed the
Globanomalira compressa-Praemarica wrcimata Subzone aS
emendation of the Subzone P1c (Morozovella inconstans­
Planorotalites compressa) of Berggren and Miller (1988). The
present P[c Subzone is ecuivalent to the Morozovella
trimidudensis Zone of Stainforth et a. (1975) and Toumarkine
and Luterbacher (1985), the P1b Subzone (Globorotalia (T)
Compressa/Eogobigerina eobwlloides simplissima) of Blow
(1979), the PIc Subzone of Berggren and Miller (1988), the
Praemurica trinidadensis (P1d) Subzone of El Dawy (2005) and
Berggren and Norris (1997). This subone is also corresponding
to the basal part of the Globorotalia compressa-Globigerina
daubiergensis Zone of E]-Nagger (1966), the upper part of the
Globoconusa dawbiergensis/Globorotalia pseudobulloides Zone
of Abdel Kireem ({971), the basal part of the Globorotalia
compressa Zone of Youssef and Abdel-Aziz (1971) and the
Morozovella trinidadensis Zone of Abdel-kireem and Samir
(1995), El-Nady and Shahin (2001), El-Bassiouni et al. (2003)
and Khalil and Mashaly (2004) 1his zone is also correlatable
with the same zone recorded by Galal (2005); the Globawomalina
compressa/raemurica inconstans-Praemtarica wncinata Subzone
and the equivalent chilogwembelina midwayensis Zone from west
central Sinai.

Tantawy et al. (2001) pointed out that the strong erosion
during the Danian is also evidenced at Gunna North where the P2
planktic foaminiferal assemblage and the [ower zone NP4
calcareous mannofossil assemblage overlie directly the Late
Maastrichtian CF4-3 and CC25b assemblages. ln the present
study, the oldest recorded Danian biozone is the Globanomalina
compressa-Rraemurica wncinata (=Plc).
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5.Praenuricawweinaia-MorozoveikaangulaiaLnterval Zone

(=P2)

Autbor: Berggren et al. (1995).

Estimated age: 61.2-61.0Ma (Latest Danian).

Defnition: The Praemurica wncinata-Morozovella angulata
Zone marks the biostratigraphic interval between the FA of the
Praemurica wncinata (Bolli) at the base and the FA of the
Morozovella argvlata (White) at the top.

Stratigraphie position; This biozone is recorded from the middle
par of the Kharga Shale Member of the Dakhla Fomation in the
Farafra Oasis. It attains about 5m thick at Shakhs El-Obeiyid,
about 10m thick at Ain Maqfi and 6m thick at Bir Murr (Fig 3.6).

Planktie faunal eontent; The Praemurica wncinata-horozovella
angwhata 'Zone is found rich in its faunal content. The most
dominant planktic species recorded in this zone include:
Globoconusa daubrergensis (Brnnimann}, Globanomalina
compressa (Plummer}, Parasubbotina pseuobulloides
(Plummmer), Paraswbbotina varianta (Subbotina), Subbotina
triloculinoides (Plumer), Praemurica inconstans (Subbotina),
Praemurica friidadensis (Bolli), Morozovella praeangwlata
(Blow), M praeeursoria (Morozova) and Parasubbotina
variospira (Belford).

Bentbic faunal content; Clavwlinoides trilaterws (Cushman),
Gatdryina arssana Dam & Sigal, Loxostomoides applinae
(Phummer), Raralabamina reussi (Morrw), Wlvulina colei
Cushman, Dorothia bulletta (Carsey) among many others are the
most common benthic species present in the Praemwrica
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urcirataMorozovelta crgulat 'Zone.

Remarks: This zone corresponds to the Goborotalia wncinata
Zone of Bolli (1957 & 1966), the Globorotalia (Acarinina)
praecwrsoria Zone of Blow (1979), the Morozovella anciate
Zone of Toumarkine and Luterbacher (1985) and Khalil and
Mashaly (2004) and the Praemurica uncinata Zone (P2) of
Berggren and Miller (1988), Berggren et al. (1995) and Berggren
and Norris (1997). A Middle Paleocene age is suggested to the
Glohorotalia ucinata Zone by El-Naggar (1966) from Nile
Valley and by Abdel-Kireem and Samir (1994) from the Farafra
Oasis. Recently, Samir (2002) and Galal (2005) recorded the
Praemurica wncinata--Morozovella angulata Zone fom the
Latest Danian in Sinai.

6. Morozovella angulata-Globanonalina psewdonenardii
lnterval Zone (= P3)

Author: Berggren et al. (1995).

Estimated age: 61.0-59.4Ma (Eariiest Selandian).

Defirition: The Morozovella argwlata-Globanomalina
pseudomenardii biostratigraphic interval between the FA of the
Morozovella anglata (White) at the base and the FA of the
Globanomalinapseudomenardii (Bohi} at the top.

Stratigraphie position: This zone is recorded from the top part
of the Kharga Shale Member of the Dakhla Fommation in the
Farafia Oasis. ht has a total thickness of about 10m in northwest
Bir Bidni and 1m in Ain Maqfi area.

Remarks: This biostratigraphic interval is handled in different
ways by various authors. For instance, Blow ([979, p. 263)
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mentoned that the Gtoborotalia (T) pusilla appears before the
Globorotalia angwlata. This difTers from the subdivision
proposed by Stainforth et al. (1975) and Toumarkine and
Luterbacher (1985) which is based on the sequential FA of the
Morozovella angwlata and lgorina pusilla. Berggren and MiLler
(1988) subdivided this zone relying on the FA of the Igorina
pusila in the lower third of the Morozovella angulta Zone into
two subzones: P3a (which is defined from the FA of the
Moroaovela angwlata to the FA of the lgorina pusilla) and P3b
(which marks the biostratigraphic interval from the FA of the
Igorira pusilla to the FA of the Globanomalina psewdomenardii).
Several authors applied this zonal scheme such as Berggren and
Norris (1993), Li and Keller (1998a, b) as well as 'Tantawy (1998)
and Obaidalla (2000) in Egypt. The Morozovella angulata­
Globaomalina pseudomenardii Zone is equivalent to the
Gtoborotalia angulata Zone described by Raris (1985) in Ain
Amur, Kharga area and to the Morozovela angulata Zne of
Hewaidy (1987) in EH-Ouseima, north Sinai and of Khalil and
Mashaly (2004) in Gabal Musaba Salama, west central Sinai.
Recently, Tantawy et al. (2001) recorded the P3 Zone from the
Western Desert, while Samir (2002), Galal and Kamel (2003) and
Ayyad et al (2003) identified this zone fiom Sinai.

Berggren et al. (1995), Berggren and Noris (1997) and
Olsson et al. (1999) re-subdivided P3 Zone into two subzones:
Morazovella angulata-lgorima albeari lnterval Subzone (P3a) and
Kgorina albeuri-Globanomalina psedomenardii lnterval
Subzone (P3b). Based on this subdivision, the present P3 Zone is
divided into two subzones in the Farafra Oasis.
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- Morozowella «ngulata-lgorina albeari Interval Subone
(P3a)

Author: Berggren et al. (1995).

Fstimated age: 61-60Ma (Earliest Selandian).

Definition: Biostratigraphic interval from the FA of the
Morozovella angkata (White) at the base to the FA ofthe lgorina
albeari (Cushman and Bemmudez) at the top.

Planktie faunal content: The planktic assemblage of this
subzone is dominated by mOrozovelliods with angular conical
chambers throughout their youngest whorl such as Morozovella
coRicotruncata (Subbotina}, M. Praeangwlata (Blow), M.
angwlata (White), praecursoria (Morozova) in addition to
Subbotima triloculinoides (Phummer), Globawomalina compre5sa
(Plummer) and Praemwrica ucinata (Bolli) (Fig 3.4).

Remarks: Ft is prefErable to use the Morozovella argwlata rather
than the lgorina psilla to delineate the lower boundary of the
P3a Subzone. This is due to the rarity or sporadic occurence of
the lgorina psilla as outhined by many authors (e.g. Beckmnann et
al., 1969; Toumarkine and Luterbacher, 1985; Abdel-Kireem and
Samir, 1995; Berggren and Norris, 1997). Based on faunal
similarities, the presemt P3a Subzone could be equivalent to the
upper part of the Morozovella wncinata Zone of Stainforth et al.
(1975) and Toumarkine and Luterbacher (1985) and to the lower
part of P3 Zone of Blow (1979). The Morozovella agulata Zone
is recorded in Egypt by Abdel-Kireem and Samir (1995),
Marzouk and Lتining (1998) and El-Nady and Shahin (2001).
Recently, the Morozowella angwlata-lgorina albeari lnterval
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Subzone is also recorded by Samir (2002) and Calal and Kamel
(2003) in south Sinai.

- Igorina albeari/Gilabanomalina psewomenardii Interva}
Subzone (P3b)

Estimated age: 60.0-59.2Ma (Selandian).

Definition? Biostratigraphic interval between the FA of the
Igorina albeari (Cushman and Bermudez) at the base and the FA
of the Globaromalira pseudomenardii (Bolli) at the top.

Planktie faunal content: Morozowella angwlata (White), M
conicotrurcata (Subbotina), M acuta (Toulmin), Raraswbbotina
warianta (Subbotina), P. variospira (BeKford), Subbotina
trilocwltmoides (Plummer), Acarinina mckannai (White) and A.
primitiva (Finlay) are the dominant planktic species in the P3b
subzone.

Macrofossil comtent: No macrofossils were recorded in P]-P3
zones in the Farafia Oasis.

Remarks: Until few years, the Paleocene was subdivided by
several authors into two stages: Danian and Thanetian. The
Danian/Thanetian boundary was placed at the Praemurica
wnciatc-orozovella angwlata/Morozovella angwlaa­
Globaromalina pseudome»ardii (P2/P3) zonal boundary of the
planktic foraminifera. Recently, the tripartite solution (Danian,
Selandian and Thanetian) was voted as a proposal by the
Lnternationa} Subcommission on Paleogene Stratigraphy (ISPS)
(Jenkins and Luterbacher, 1992). Berggren et al. (1995) and
Scheibner et al. (2001) placed arbitrarily the Danian/Selandian
boundary at the base of the Morozovella argulata-
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Globanomalina psewdomenardii (P3) zona] boundary. 'The lower
boundaries of these three stages at their historical type localities
are corresponding to three major sequence boundaries in the
relative coastal onlap cycle charts of Haq et al. (1988) and can be
denoted by several significant biostratigraphic events (Berggren
et al., 1995). In the present study, the DanianSelandian boundary
is placed at the top middle of the upper informal unit (ie Kharga
Shale Member) of the Dakhla Fommation.

Based on faunal similarities and the FA of both the lgorina
pwsilla and Morozovella angulata being coincident, the present
P38 Subzone could be euivalent to the latest part of the
Globorotalia (M) angulata Zone of Blow (1979), Berggren and
Norris (1997) and Khalil and Mashaly (2004). This subzone is
also equivalent to the Morozovella pwsilla Zone proposed by
many workers in Fgypt, such as Youssef and Abdel-Aziz (1971),
Abdel-Kireem and Samir (1995) and El-Nady and Shahin (2001).
Recently, the lgorina albeari/Globaromalina pseudomenardii
Subzone is also recorded by Samir (2002) and Galal and Kamel
(2003) in the south Sinai.

7. Clohanonalina pseudomenardii Total Range Zone (= P4)

Author: Bolli (1957).

Rstimated age: 59.4-55.9 Ma (Late Selandian-Middle
Thanetian).

Definition: This zone is defined as the biostratigraphic interval
of the tota} range of the rominate taxon Globanomalina
psewdomewardii (Bolli). Recently, Berggren and Norris (1997)
subdivided the P4 Zone into three subzoes based on total range
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ot the Acarinina subsphaerica(Subbotina) and the parآةآrange

of the A. soldadoensis. ln the present study, the A. subsphaerica is
absent. So, it is difficult to definwe precisely the P4a/P4b boundary.
The present author considers the interval from the FA of the
Globaromakina pseudomeRardi (Bolli) to the FA of the
Acarinina soldadoensis (Bronnimann) and Morozovella aegwa
(Cushman and Renz) as representing the P4a-b Subzone. While
the biostratigraphie interval from the FA of the A. soldadoensis
(Bronimann) to the LA of the G. pseudomenardii (Bolli) is
defines the P4c Subzone, The later is characterized by several
abundant rorozovelliods such as Morozovella velascoensis
(Cushman), M. acuta (Toulmin), M. aegwa (Cushman and Renz)
and M. subbotinae (Morozova).

Stratigraphie position: Abdel-Kireem and Samir (1995)
mentioned that the Globanomakina pseudonenardii 'Zone covers
the topmost part of the Tarawan Fomation and the basal part of
the Esna Fommation. In the present stdy, this zore occupies the
sediments of the Tarawan Fomation in the Farafra Oasis. Ft
attains about 34m thick at Shakhs El-Obeiyid, about 9m thick in
northwest Bir Bidni section, 6.5m thick in south Caret Sheikh
Abd Alla, about 23m thick in northwest Ain Magfi, about lm
thick in Ain Maqfi, about 2m thick in northern slope of El Ouss
Abu Said and 0.Sm thick in the southem slope of El Ouss Abu
Said and about lm thick in Bir Mur.

Plapktie faunal content: Morozovella acuta (Toulmin), M.
aegwa (Cushman and Renz), M welascoensis (Cushman), M.
occltsa (Loeblich and Tappan), Acarinina nitida (Martin), A.
primitiva (Finlay), A. mckamnai (White}, A. stabocella (Loeblich
& Tappan) and Subbotina velascoensis (Cushman) are the
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& 3.9).

Macrofossil content: The Tarawan Fommation that belons to the
P4 Zone in the Farafra Oasis locally includes very small amounts
oflimonitic macroinvertebrate fossils. These dwarfed fossils were
first noticed in the Kharga Oasis by Awad and Ghobrial (1965).
The most important dwarf fossils are the bivalve Nucula (Nacuka)
tremolatestricta, N, (Lamellimwcwla) edwardsi, Muculana
(Saccella) leia and Thasira cretacea, the porifEra schizorhabdus
libycws and ventriculites poculum, the coelentrata Caryosmilia
granosa, the cephalopod Etrephoceras desertorm, the
gastropod Drepanocheilus wicarinats and the brachiopod
Terebratlina gracilis.

Remarks: The Selandian/Thanetian boundary is loeated at the
base of Chron 26n which lies within the NP6 Zone (Hntemnational
Subcommission on Paleogene Stratigraphy, 1SPS, 2002. Berggren
et al. (1995) and Scheibner et al. (2001) pkaced the
SelardianThanetian (S/Th) boundary at the base of Chron 26n
with an estimated age of about 57.9 Ma. This boundary was
recorded within the Gtobanomalina pseudomenardii-Acarinina
subsphaerica Subzone (P4a; the lower part of the Globanomalina
pseudomenardii Zone). ln Bgypt, the present P4 Zone is
equivalent to the Globanomalina pseudomenardii Zone proposed
by many authors (e.g. Beckmann et al., 1969; Youssef and Abdel
Malik, 1969; Hewaidy, 1987; El-Nady and Shahin, 2001; Samir
2002; Calal and Kamel, 2003 and Khalil and Mashaly, 2004).

1n the Farafra Oasis, Youssef and Abdel-Aziz (F971)
attributed the Late Paleocene sediments to the Cloborotalia acwt
Zone, which in turn is subdivided into a lower G. psetdomenardii

127



Chapter fhl. Biostrafigraphy

3ubzone and an upper G. aegua Subzone. The Late Paleocene P4
Zone is also eqpuivalent to the Planorotalites psewdomenardiF
Zone of Abdel-Kireem and Samir (1995) (Fig 3.2). Ln contrary to
the present study, Hlermina (1990) stated that tbe Upper Paleocen
Globanomatina pseudomenardii Zone of the Maqfi area Lies
directly over the Late Cretaceous Gansserina gdmsseri Zone with
unconformity surface

 ي ق
 ق
 و

warrarأ{ 

goewpMا ا- 

 ي

٠٤ ة
٤

٤

r
T  ي
 ي٤

 ي٤
٤  و$
4

١/١/'

Fig. 3.8 RrequenGy distribution of the planktic foraminiferal species o
the Upner Naastnichtian-'alcoeene rocls exposed in 5hak
21-Obeivid area, west Farafra Oasis.

17$



Chapter Il. Bistretigraphy

،

 ت
٣

 ج

 و

'; ٧aryr-

'nم cana4 م--
١! ا·

٩
 ج'

١/٤٤١٤١/

١{١٤

 ،د،

 ي5 ة
2

 ا {ه
 يي:

« ٨

 اقة

 ةا
 ا،

 خ

 االب

 ظ

٤

distribtion o the panktie 1orwminieraأ 
the Jaleocn¢-رL Ower Foeene roeks exnosed in

Ogي wd areA, wegt Farwrز be>.-هد·٠ و 

directly

 ن ص

'٦١

The Globamomalina pewdomerardii P4 Zo
ver the late Danian Clobumomalina cor
inconstans-Praemurica wrcinata P>]c 5u
Maafi (Fig. 3.3) or ower the Latest Dani
32 Zone in Bir Murr and Shakhs El-Obeiyid areas (Figs. 3.7 &

or over the Morozowella amRwlata-lgorima albeari P3aه( •.
hea-Selandian in Ain Maofi withSubzone of Earl

1e



Chapter Wll. Biostratioraphy

 ،،،،،ر،،،،، د««د ر

Dakhla and TarawanuncoRommnity surface between th
ormations (fig 3. 14).

٤٤
 و

 و
t ان

- ١٤٠ 3٢٠٦rwuemey dustrhbuton or tne planktie Toraminiferak speeies o
the Unper Maastrichtian-Lower Eocene rocks exposed in south
Oaret Sheikh Abd Alla area. west Farfr Oasis.

،rly Jocene biozones1.3

8, Morozowella welascoensis Zone (= P5)

7) and emended by B,A«thor: Bolli(1

Estimated age: 55.9-54.7Ma (Late Thanetian-Earliest Ypresia

Defnition: THe Morozovelta welascoensis Zone marks the
-iostratigraphic interva] between the LA of the Gtobamomalina

pseudowenardii (Bolli) at the base and te LA ofthe Morozovella
velascoensis (Cushman) at the top.
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Stratigraphie position: This zone is recorded from the lower part
of tbe Esna Formation in the Farafra Oasis. lt has a total thickness
of about 5mn in Shakhs El-Obeiyid and about 5m thick in El Ouss
Abu Said (Figs. 3.8 & 3.10).

Remarks: The PIE boundary is [ocated between the top of tbe
Thanetian Stage s.s. (Sensu Stricto, as defined in its type area) at
a level closely correlative with Chron C25r which is equivalent to
56.6 Ma and the base of the Ypresian Stage (base of leper Clay
Formation) with an estimated age of 57.37 Ma. Berggren and
Ouda (2003a, b) subdivided the P5 Zone into three subzones,
arranged from base to top as follows: (a) Gtohamomalina
pseudomenardii/Acarinina sibaiyaensis P5a Subzone the
biostratigraphic interval from the LA of the G. pseudomenardii to
the FA of the A. sibaiyuensis, (b) Acarinina
sibaiyaensis/Rseudohastigerina wilcoensis P5b Subzone; the
biostratigraphic imterval from the FA of the Acarinina
sibaiyaersis to the FA of the Psewdohastgerina wilcoxensis and
(c) Pseudohastigerina wilcoxensis/Morozovella velascoensis P5e
Subzone.

During the ast ten years, the WG (Working Group) on the
Paleocene/Eocene boundary studied more than twenty three
stratigraphic sections of marine deposits (from neritic to bathya!).
[Jltimately, two sections were supported as the Global Standard
Stratotype-section (GSSP) for the P/E boundary; one in Spain
(Zumaya section) and the other in Egypt (Dababiya section).
Finally, the WG voted in favor of placing the GSSP for the base
of the Eocene Series in the abandoned quarry of the Dababiya
section, Luxor, Bgypt (Ouda and Aubry, 2003). The boundary'is
placed at the base of a thin dark gray clay bed underiying a 2.0 m
phosphatic bed. The lnternational Subcommission on Paleogene
Stratigraphy (ISPS) has voted in favor the Dababiya section.:The
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S4ratigraphic position: The Acarimina
sibaiyaensis/Fseudohastigerina wilcoxensis Subzone is recorded
locally at the basal part of the Esna Formation in the Farafra
Oasis. Ft is only observed in El Cuss Abu Said area (Fig. 3.10).

lanltic faunal content: The most abundant planktic
foramniniferal species in this zone are: Acarinina sibaiyaensis (El­
Naggar), A4. mckmnai (White), A. soldadoensis (Brdnnimann),
Morozovella velascoensis (Cushman), M. swbbotinae (Morozova),
M. gracilis (Bolli), M occlasa (oeblich and Tappan), M parva
([ey), 3Subbotina welascoensis (Cushman), S. trianglaris
(White), Acarinina wilcoxensis (Cushman and Ponton) and 4.
soldadoensis (Brdnnimann) (Fig 3.10).

Memarks: Pardo et al. (1999) were the first authors used the FA
of the Acarinina sibaiyaensis (El-Naggar) and Morozovella
africawa (El-Naggar) as good markers for delineating the
Paleocene/Eocene boundary. These two taxa are easy to identify
and have a short-range; their lowest occurrences coincide with the
onset of the Carbon Isotope Excursion (CIE) and benthic
foaminiferal Extinction Event (BFEE). Thus, Pardo et al. (op.
cit.) subdivided P5 Zone into two subzones: P5a and P5b based
on the FA of the A. sibaiyaensis (El-Naggar).

Molina et al. (1999) proposed a five-old subdivision of' the
P5 Zone. This zonal scheme is based on the FA of the
Morozovella aegua (Cushman and Renz), M. gracilis (Bolli), M
berggren (El-Naggar), Acariniwa sibaiyaensis (EH-Naggar) and
Pseudohastigerna wilcoxensis (Cushman and Ponton). This
scheme Was neglected by Molina et al. (2003) because the M.
berggreni and Ph. wilcoxemsis have been found in older levels.
The M. berggreni (E-Naggar) is recorded by Berggren and Ouda
(2003a) slightly bekow the P5 Zone. The base of the Acariina
sibaiyaensis/Pseudohastigerina wilcorensis Subzone considered
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as the lowet boundary of the Eocene Epoch according t6 the
Working Group on the Paleocene/Eocene boundary. Based on
·aunal similarities, the Acartmia sibaiyuewsis/Rseudohastigeria

ubzone corresponds to the Acarinina sibaiyemsi
md Kamnel (200»
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Author: Berggren(1971) and emended by Malina et al (1999).

Definition? Biostratigraphic interval fom the FA of the
Rseudohastigerina wilcoxensis (Cushman and Pomton) to the LA
of the Morozovella velascoensis (Cushman).

Stratigraphie position: This zone is also recored locally from
the lower part oT the Esna Fommation in the Farafia Oasis. lt
attains a total thickness of 3m at Cabal Sofia, 4m at El Ouss Abu
Said and about 15m at Shakhs El-Obeiyid area above directly of
Globamomalina pseudomenardii P4 Zone (Fig. 3.8&3.11).

Planktic faunal content: The most common planktic species
recorded in the Rseudohastigerina wilcorensis/Morozovella
velascoersis Subzone are generally those present in the
underlying zone in addition to the Fseuohastigerina wilcoxensis
(Cushan and Ponton) (Figs. 3.8, 3.10&3.11).

Benthie faunal content: The most common benthic foraminiferal
assemblage in the P3-P5 zones are Margimwlinopsis tuberculata
(Plummer), Pseudoclavulina farafraensis LeRoy, Lorostomoides
applinae (Plummer), Angulogavelinella abudurbensis (Nakkady),
CiBicides rigids (Schwager), gadrimorphia alabamnensis
Cushman , Gawdryia africana LeRoy, SSpiroplectammina knebeli
LeRoy, Verneuilina cegypfiaca Said & Kenawy, Drothia
bulletta_(Carsey), D ppa (Reuss), Spirolocnlina proboscidea
Schwager, Ammodiscus cretaceows (Reuss), Blimina
midwayemsis Cushman & Parker and others.

Remnarls: According to the faunal similarities, the present
Pseudohastigerina wilcoxeHsis/Morozowella velascoensis
Subzone could be correlated wit the top part of the
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lobamomalima harxorensis Zone described by Tantawy {1998)
nd the Clobamomalina tuxorensis Subzone of Speiier e1 al.

(2000). Recently, Saad (200i) recorded the Pseudohastigerin
wilcoxensis/horozovella velascoensis Subzone in south Egypt
from the Latest Paleocene and Calal and Kamel (2003) described
١t fiou the Earlv focene in west central Sinai.
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9. Morozovella subbotinae Zone (= P6)

Author; Toumarkine and Luterbacher (1985); emended and
redefined by Berggren et al. (1995).

Estipated age: 54.7-52.3 Ma (Early Ypresian).

$tratigraphic position: The Morozovelta sabbotinae 'Zone is
recorded from the lower part of the Esna Fommation in the Farafia
Oasis. It attains 8m thick in Gabal Sofra, about 20m thick in Ain
Dalla, 8m thick in northwest Bir Bidni, 10m thik in the northemn
slope of El Cuss Abu Said, 7m thick in the southem slope of El
Ouss Abu Said and 18n thick in southeast Cur Hadida.

Defnition: The Morozovella swbbotinae 'Zone covers the interval
between the LA of the Morozovella velascaensis (Cushman) to
the FA of the Morozovella aragonensis (Nuttall). Berggren and
Norris (1997) subdivided P6 Zone into to subzones: a lower
Morozovella formosa formosa and/or Morozovella lensiformis
interval Subzone P6a (which is defined fiom the LA of the
Morozovella velascoensis at the base to the FA of the
Morozovella formosa or M. lensiformis at the top) and an upper
Morozovella formosalM. lensiformis-M.- aragonensis interva}
Subzone P6b (which marks the biostratigraphic interval from the
FA of the Morozovella formosa (Bolli) and/or Morozovella
lensiformis (Subbotina) at the base to the FA of the Morozovella
aragonensis (Nuttall) at the top. In the present study, the
Morozovella formosalM lensiformis-N. aragorensis SSubzone
P6b is not recorded in ail the studied sections.

Planktie faunak content The Morozovella subbotinae 'Zone is
marked by a relative high abundance of Morozoella subbotiwae
(Morozova), M. gracilis (Boli), M. margiodertata (Subbotina),
M aegua (Cushman and Renz), Pseucohastigerina wilcoxensis
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(Cushman and Ponton), Acariwina soldadoensis (Brnnimann), A.
angwlosa (Bolii) and Subbotina linaperta (Finlay) (Figs. 3.12 &
3.13).

Benthic fauna} content: Mcrgirlina wetherellii Jones,
Lorostomoides applinae {Plummer), Stilostomella paleocenica
(Cushman & Todd), Frondicularia warneri Nakkady, Dulimina
farufraensis LeRoy, B. qudrata Plummer, Pseudonodosaria
manifesta (Reuss), Chilostomnella czizeki Reuss and Dentalina
gracilis dOrbigny are the most popular benthic species in P6
7.one.

Macrofossils content; The P6 Zone includes dwarf fossils that
occur at about 20m above the base of the Esna Formation in
southeast Our Hadida and El Ouss Abu Said. The recorded
species in this zone are similar to those found in P4 Zone, in
addition to some echinoids.

Remarks; The Morozovella subbotinae Zone was originally
defined by Bolli (1957) as Globorotalia rex Zone. He defned this
Zone as the interval, with the zonal marker Globorotaia rex from
its first occurrence to the first occurrence of Globorotalia
formosa and G. aragohensis (Bolli, 1966, p. 14). According to
the definition of P6 Zone and the associated planktic assemblage
it could be equated with P6 Zone of Berggren et al. (1995) and
Bolli et al. (1998). In Molina et al. (1994, 1999), Li and Keller
(1995a, b) and Lu e a}. (1998), the Morozovellaformosa formosa
and Morozovella lensiformis were recorded in different levels. Lu
and Keller (1995b) subdivided their P6 Zone into three subzones:
P6a; P6bx and P6cx based on the LA of the Morozovella
velascoensis and gorina lodoensis. The P6 Zone of Berggren et
al. (1995) is also correlative to the P6b and P6c Subzone of
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(1988) and to P6bx and Fcx Subzone of Lu
.1995b),
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sabbatinae Zone of Abdek-Kireem and Samir (1995). This
Morozovella formosa and/or Morozovella lensiformis Subzone
are correlatable with the same zone recorded by Samir (2002) and
Dupuis et al (2003) and with the Morozovella edgari and M
edgari-M4. formosa/M. tensiformis Subzones of Galal and Kamel
(2003).

50, Moroowella aragonesis/f. formosa Coneurrent Range
Zone (= P7)

Aathor: Bolli (1957) and emended by Berggren (1969), Blow
(1979) and Berggren and Miller (1988).

Estimated age: 52.3-50.8 Ma (Middie Ypresian).

Definition: This zone comprises the interval between the FA of
the Morozovella aragonemsis (Nuttall) to the LA of the
Morozovellaformosa (Bolli).

$tratigraphic position: The Morozovella aragonesis/M formosa
Zone fomms the middle part of the Esna Formation in the Farafia
Oasis.

Planktie faunal content: The Morozovelta aragoresis/M.
formosa Zone yields a relative high abundance of Morozovella
lensiformis (Subbotina), M. subbotimae (Morozova), M. formosa,
(Bolli), M aragonensis (NuttalH), Acarinina pemtacamerata
(Subbotina), A. angulosa (Bolli), Subbotina linaperta (Finlay), S.
inaegwispira (Subbotina) and Psedohastgerina micra (Cole)
(Figs. 3.14 & 3.15).

Benthie faunal content; The common recorded benthic species
in the Morozovella argonesis/M. formosa Zone are
Spiroplectammina carinata Subbotina, Caudryina pyruamidata
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Cushman, Textlariafarafrae»sis LeRoy, Nodosaria semispinosa
LeRoy, Pseudonodosaric manifesta (Reuss) and P laevigata
(dOrbigny).

Remarks: This zone is equivalent to the M. formosa Zone and the
1ower part of the M. aragowemsis Zone of Boli (1966) and
Toumarkine and Luterbacher (1985) and to the lower part of P8b
Subzone of Blow (1979). It coincides with the P7 Zone of
Berggren et al. (1995), Berggren and Miller (1988) and Galal and
Kamel (2003).

11. Morozowella aragoresis/Acarinina aspensis-Hantkenimd
mutalli Partial Range Zone (= P8-P9 undifferentiated)

Author: BoHi (1957) and emended by Berggren (1969) and
Berggren and Miller (1988).

Estimated age: 52.3-49.0 Ma (ate Ypresian).

Stratigraphie position: The Morozovella aragonesis/Acarinina
aspensis-Hantkemina muttalli Tone fomms the middle-upper part of
the Esna Fommation and the Farafra Limestone in the Farafra
Oasis.

Planktie faunal content: The Morazovella subbotinae
(Morozova), M. caucasica (Glaessner), M. aragonensis (Nuttall),
Globamomalina planoconica (Subbotina) and Acarinina
pentccamerata {Subbotina) are the dominant planktic species in
the Morozovella aragonesis/Acarinina aspensis-Hantkeminu
muttalli Zone.

Benthie faunal content: The Eponides lots (Schwager),
Biopertorbis aegptiaca (LeRoy), Cibicides iibycws (LeRoy),
Stilostomella paleocenica (Cushnan & Todd), Rotalia
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Dentalina gracilis dOrbigny and Orwatanomalia sp. are the
most common species in the P7 Zone. In addition, largeamounts
f larger foraminiferal are present which mark the upper part of
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Formation as welk as the Farafia Limestone have been deposited
only a few planktic foraminiferal species are found which do not
provide clear dating resolution or zonations for such interval.
Correlation of the macrofossils present in the Farafra Limestone
with those of the Thebes Formation in the Kharga Oasis given by
Omara and Kenawy (1975) indicate that the Farafia Limestone in
the Farafra Oasis is coeval with the upper stratigraphic member of
the Thebes Fommation. While, Strougo (996) proved that the
Farafra Fomation is younger than the Thebes Formation of the
Nile Valley. He correlated it with the upper Libyan rocks
described by Zittle (1883). The Farafra Limestone could be
correlative with the P9 Zone of BKSA95. The upper part of the
Esna Formation, however, is characterized by the explosive
development of mummulites, opercuiines, alveolines and
Discocyclines. The most imporant macrofossils in this part are
fuphemar zitteli {Mayer-Bymar), Spondylws aegptiacus Newton,
Gryphaeostrea eversa (Melleville), Pycnodonte aviculina
(Oppenheim), Ostrea (Ostrea) aviola Newton, "Limea" delanowei
Oppenheim and Glyptoactis (Claibormicardia) aff. Corplenta
Strougo, in addition to the gastropod Mesalia arafrensis
Oppenheim and the echinoid Palaeostoma zitteli De Loriol and
Porocidaris farqfraensis Youssef.

The most importamt macrofossils in the Farafra limestone on
the other hand, are Amodotia thebaica (Oppenheim) and
Pseudomittha mokhaensis (Oppenheim) in addition to the
gastropod Gisortia gigantean (Munster) and Rostellaria
mokattamensis Cuvillier. Said and Kerdany (1961) introduced the
A/veolina cecipiens Zone for the Farafra Limestone in the Farafra
Oasis and assigned it to the Ypresian age.
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