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Chapter 1. Biostraligraphy

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

In 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 Electron
Microscope (SEM). They are depicted in 9 plates. In 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 foraminiferal 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, which is used with other depth
indicators in palecenvironmental interpretation.
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The following table discusses briefly the arrangement of the
identified planktic foraminiferal species according to their
systematic position as.

Table 3.1 The arrangement of the identified planktic
species according to their systematie position,

Planktic foraminifera
Order: Foraminiferida Eichwald, 1830
Suborder: Globigerinina Delage & Herouard, 1896
Superfamily: Heterchelicacea Cushman, 1927

NS; Family Genus Species Pl. | Fig.
1 | Guembelitriidae Guembelitria cretacea -
Moatanaro ; :
2 Gallitelli, 1957 Gioboconusa davbjergensis 1
3 morsei -
E— it inid Chil beli
3 Chiltoguembelinidae flogumbelina midwayensis -
6 globulosa 2
7 Heterohelix navarrae.nsas 3
8 | Feussi
g striata . 4
5
0 Planoglobuling  F—— 2
11 glabrata 6
12 Heterchelicidae Psendotextularia elegany 7
13 . , Jructicosa 3
13 Racemiguembelina bowelli 9ad
5 castulala 10
16 . excolaia i1
7 Pseudoguembelina " hariaensis S
| 18 paipebra 12
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Chapter Ill. Biostratigraphy

Superfamily: Planomalinacea Boli, Loeblich & Tappan, 1957

L ?
) Family Genuos Species PL | Fig.
No. | f
Globigerinelloididae . . L . B
19 | Longoria, 1974 Globigerinelloides | prairichillensis | 1} 13a-b
Superfamily: Rotaliporacea Sigal, 1958
| s. o] "X : :
No Family Genus Species Pl. | Fig.
- I! ——
20 I holmdelensis 1 | 14a-b I
21 Hedbergella monmouthensis - b -
22 Hedbereellid chapmani - -
A | ergelligac - 3 1 15a-
23 | Locblich & Globanomaling |——<2mresa___ | 1 | 158b
24 Plancconica - -
t--—— Tappsan, 1961 -
25 pseudomenardii 1 16a-c
26 ] Pyeudehastiperina — kg 2 b
27 ¢ & __wilcoxensis 2a-b
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Superfamily: Globotruncanacea Brotzen, 1942

NS:; Family Genus Species | PL | Fig.
28 COMEUST 2 1 3ab
29 Contusotruncana Sfornicata da-c
30 plicata - -
31 Ganssering :gans.sen ‘ 2 Sa-c
32| widenmayeri - -
] , o
;i Globotruncanidae ﬂeg;i ;aca 2:2
Brotzen, 1942 -
35 b bulloides ° [Bab
)6 Globoefruncana - d@f Ja-b
37 linneiana - -
38 mariei - -
39 orientalis 2 | 10ab
40 rosefid 3 la-b
41 conica - -
42 Globotruncanita Smf?m - dab
43 stuariiformis 3 3Ja-c
14 Globotruncanidae oitersi r 2ah
Brotzen, 1942 P :
45 Rugotruncana subcircumnodifer | . -
46 havanensis 5
yr- Globotruncanella etaloided 3 6
Superfamily: Globorotatiacea Cushman, 1927
S. . . .
No Family Genus Species Pl. | Fig.
43 hexacamerata 7
49 macrocephala 8a-b
[7 . .
50 | Rueoglobigerinidac | o obigering reicheli 3 | 9ab
Subbotina, 1960
5} rHLOsa 102-b
52 scotti 11a-b
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Chapter 1. Biostratigraphy

e e e e e T

]\?';" Family Genus Species Pl. | Fig.
| 53 o inconstants | | lab
34 Praemurica trinidadensis 2a-b
33 L uncinala 4 | 3ab
56 | Igorina albecri da-b
57 pusitla __3ab
58 | africanu - -
59 angulosa | 4 [ 7a-b
60 | convexa -4 -
6] inaequispira - -
62 | Tremcorotaloididae intermadia ]z
63 | Loeblich & Tappan mekasnal 8a-b
64 1961 nitida 9
63 ’ pentacamerata 11
66 Acoging orimitiva i0
67 sibaivaensis 12a-
4 c
68 soldadoensis 1 iﬂn
arvam—
69 strabocella ] iia~
70 wilcoxensis lia-
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Chapter il Biostraficranhv

f NSG Family Genus Species Pl | Fig.
o " Acuta Ja-¢
72 | aequa s 2a-c
73 angulata 3a< |
74 apanthesma da-b

T aragonesis - -

75 caucasicy 5a-b

| 76 | Truncorotalvididae conicotruncatd 4a-b
77 | Loeblich & Tappan Morozovella Jormosa ba-c

78 | 1963 gracilis 5 { 7a-b
79 marginodentata Qa-b
80 lensiformis | Sa-b
81 occhua [Oa-b
82 prava 1

83 | subbotinae 6 2a-c
84 velascoensis Jac

Superfamily: Globigerinacea Carpenter, Parker & Jones, 1862

I\?;. Family Genus Species Pl | Fig.
85 parasubbotin pseudal.mﬂmdes P da-c |
86 Globigerinidae varimia Sa-c |
87 | Carpenter, Parker & eocaend - -
88 Jones, 1862 linberata 7a-b
89 Subboting friongtilaris 6 8a-b
%0 iriloculinaides 9a-b
l 91 velascoensis 10

The identified planktic foraminiferal zones are compared
with their equivalents 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 classification for

the Upper Cretaceous-Lower Eocene succession of the Farafra
Oasis.
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Chapter 1!, Biostraliaraphyv

The Maastrichtian rocks in the studied stratigraphic
sections of the Farafra Qasis are classified according to the
schemes of [.i and Keller (1998a, b) and Li et @/ (1999). Their
biozonations are similar to the biozonations of Caron (1985),
except for the interval encompassed by the two Late Maastrichtian
biozones: Gansserina gansseri Zone and Abathomphalus
mayaroensis Zone, which are subdivided into seven biozones
(Fig. 3.1). Each biozones has been labeled CF for Cretaceous
foraminiferal zones and numbered from vounger to older {(CF]-
CFg).

For the Paleocene-Early Eocene interval, Berggern et al.
(1995) and Berggren and Norris (1997) planktic zonations are
used in the present study. These zonal schemes are emended by
Pardo ef 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 Farafra 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
includes three zones (Fig. 3.2).

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

I11.1 Late Cretaceous biozones
Barren interval

The exposed part of El-Hefhuf Formation in the Farafra Oastis
is found barren of any foraminiferal tests. This part attains
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Fig. 3.1 Summary of the commonly used planktic foraminiferal zonal
schemes, age estimates and their coeval in the Farafra Qasis. The
estimated ages and datumn events are based on Li and Keller 1999
for the Late Cretaceous and Bergsren et al., 1995 for the Early
Paleogene.
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Fig. 3.2 Correlation of the Late Cretaceous-Early Eocene zones in the
present study and those previously established in the Farafra
and Dakbia aases.
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Chapfter Ill. Biostratigraphy

about 34m 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 Abdel-Kireem (1997) and Abdel
Mohsen {2002). While, its upper carbonate sediments are dated to
be of Campanian age based on their stratigraphic position. In
addition to, the presence of the larger Pycnodonte vesicularis
(Lamarck) and Neithea coquandi (Péron) as well as shark teeth
and fragments 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 Formation and the snow white chalk of the
Sudr Formation.

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

1. Rugoglobigerina hexacamerata Interval Zone (= CF8b)
Autheor: Li ef al. (1999),
Estimated age: 71.0-70.39 Ma (Early Maastrichtian).

Definition: This interval zone starts from the first appearance
(FA) of the Rugoglobigerina hexacamerata (Bronnimann} at the
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base to the first occurrence of the Gansserina gansseri (Bolli) at
the top.

Stratigraphic position: This zone is recorded from the basal part
of the Khoman Formation. It attains about 28m thick (samples 1-
30) in northwest Ain Magfi section (Fig. 3.3).

Planktic faunal content: This zone is found rich in its planktic
foraminiferal tests (Fig. 3.3). The most dominant species recorded
in this zone include: Globotruncana arca (Cushman), G
aegypticca Nakkady G. orientalis El-Naggar, G. duwi (Nakkady),
G. bulloides Vogler, G. linneiana (d'Orbigny), Globotruncanita
stuartiformis  (Dalbiez), G. stuarti {de Lapparent),
Contusotruncana fornicate (Plummer), Rugoglobigerina rugosa
Plummer, R. macrocephala Brénnimann, Heferohelix globulosa
(Ehrenberg), H. navaroensis Loeblich, H. reussi (Cushman) and
H. strigta (Ehrenberg).

Benthic faunal confemt: The most important benthic species
recorded in the Rugoglobigerina hexacamerata Zone include:
Bolivinoides draco (Marsson), B. decoratus (Jones), Nodosaria
semispinosa LeRoy, Pseudoclavulina magqfiensis (LeRoy),
Gaudryina pyramidata Cushman, Bolivinopsis minuta (Said &
Kenawy), Praebulimina carseyae (Plummer), Sitella cushmani
(Sandidge) and Neoflabllina rugosa (d'Orbigny).

Remarks: Li et al. (1999) divided the Maastrichtian Stage into
two substages (Early and Late). The planktic foraminiteral
specialists considered the first appearance of the Globotruncana
aegyptiaca (CEF8) of Li and Keller (1998a, b) as marker for the
Latest Campanian—Earliest Maastrichitian age. Recently, Li et al.
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(1 the Globotruncana aegyptiaca (CF8)
subzones; CF8a and CF3b (Fig 3.1).
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Fig. 3.3 Frequency distribution of the planktic foraminiferal species of
the Maastrichtian recks exposed in northwest Ain Maqgfi area,
nartheast Farafra OQasis.

The present Rugoglobigerina hexacamerata Zone could be
correlated with other zones described from Egypt such as
Globotruncana fornicata Zone of El-Naggar (1966) and Ansary
and Tewfik (1966) and Globotruncana falsostuarti Zone of Abdel
Kireem et al. (1995). This zone is also equivalent to the upper
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Globotruncana aegyptiaca Zone which recorded by
many authors such as Samir (1994) in the area between Bahariya
and Farafra, EI-Nady and Shain (2001) from northeast Sinai and
Khalil and Mashaly (2004) from the Lower Maastrichtian
sediments in Gabal Musaba Salama, southwest Sinai,
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Cont. P‘ig;. 33 Frequency distribution nfi the planktic foraminiferal
species of the Paleocene-Lower Eocene rocks exposed
in northwest Ain Magfi area, northeast Farafra Oasis.
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Outside Egypt, the Rugoglobigering hexacamerata Zone is
equivalent to the top part of the Globotruncana tricarinata Zone
of Barr (1972) from Libya. This zone is also equivalent to the
upper part of the Globotruncana falsostuarti Zone, which was
recorded by several authors such as Robaszynski et al. (1984) in
Europe.

In the Farafra Qasis, the Rugoglobigerina hexacamerata
Zone is equivalent to the Globotruncana fornicate Zone of
Youssef and Abdel-Aziz (1971) and the Globotruncana
aegyptiaca Zone of Abdel-Kireem and Samir (1995) from Gunna
North. Recently, this zone is recorded by Tantawy ef al. (2001} in
the Western Desert of Egypt.

2. Gansserina gansseri Partial Range Zone (= CF7)

Author: Bronnimann (1952) introduced this zone for the first
time as Globofruncana gansseri from the Early Maastrichtian of
Trinidad. Since then it is recognized worldwide.

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

Definition: This zone covers the interval from the first
occurrence of the Gansserina gansseri (Bolli) at the base to the
first occurrence of the Contusotruncana contusa (Cushman})

Stratigraphic position: The Gansserina gansseri Zone is
recorded from the middle part of the Khoman Formation. 1t
attains about 11m thick in northwest Ain Magii (Fig. 3.3).

Planktic faunal content: The Gansserina gansseri Zone is very
rich in its planktic foraminiferal spectes (Fig. 3.3). The most
common species which were recorded in this zone and extended
from the underlying zone are: Globotruncana aegyptiaca
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Nakkady, . orientalis El-Naggar, G. linneiana d'Orbigny,
Globotruncarnita stuartiformis (Dalbiez), G stuarti  {de
Lapparent), Contusotruncana fornicata {(Plummer}),
Rusoglobicerina  rugosa  Plummer, R macrocephala
(Bronnimann), R. scoffi Bronnimann, Heterohelix globulosa
(Ehrenberg) and H. reussi (Cushman). The distinctive planktic
species which start it occurrence with this zone are
Globotruncanita pettersi (Gandolfi), Gansserina wiedenmayeri
{Gandolfi), Pseudocuembelina costulata {Cushman),
Pseudoguembelina  excolata (Cushman), Pseudotextularia
elegans  (Rzehak), Planoglobulina  carseyae  (Pluramer),
Rugoglobigerina scotti Bromimann and Glebofruncanelia
havanensis (Voorwiik).

Benthic faunal content: The common benthic species recorded
in the Gansserina gansseri Zone are generally those found in the
underlying zone.

Remarks: The planktic foraminiferal specialists considered the
first appearance of the Gansserina gansseri (Robaszynski 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 Farly/Late Maastrichtian boundary. They considered the A.
mayaroensis Bolli as a not reliable index species. However, it has
been found that Abathomphalus mayaroensis Bolli is very rare or
absent in the high latitude regions and is relatively shatlow water
fauna due to its deeper dwelling habitat {Dupuis et al., 2001 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
Racemiguembelina fructicosa Zone (=CF4) of Li and Keller
(1998a). Li et al. (1999) used the base of CF4 Zone to define the
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Early/Late Maastrichtian boundary. In this study, the present
author follows Gradstein et ai. (1995) and Li and Kelier (1998a,
b) by using the FA of the Contusotruncana contusa {Cushman) at
69.56 Ma as a marker species for the Early/Laie Maastrichtian
boundary.

The Gansserina gansseri Zone is synonymous with the same
recorded zone by Wonders {1980), Li and Keller (1998 a, b), Li e¢
al. (1999) and Tantawy et al. (2001), and also with the lower part
of the Gansserina gansseri Zone of Bolli (1966), Robaszynski ef
al. (1984) and Caron (1985). In the Farafra Oasis, this zone 1s
equated with the lower part of the Gansserina gansseri Zone
which recorded by Youssef and Abdel-Aziz (1971), Samir (1994)
and Abdel-Kireem and Samir (1995). It is also equivalent to the
lower part of the Gansserina gansseri Zone of El-Nady and Shain
(2001), El-Bassiouni et al. (2003) and Khalil and Mashaly (2004).

3. Contusotruncana contusal Pseudotextularia intermedial
Racemiguembelina fructicosa/ Pseudoguembelina hariaensis
Interval Zone (= CF6-CF5-CF4-C¥F3 Undifferentiated}

Author: Dalbeiez (1955) introduced the Glohotruncana 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 first
occurrence of the Contusotruncana contusa (Cushman} at the
base to the appearance of the Paleogene taxa.

Stratigraphic  position: The Contusotruncana contusa/
Pseudotextularia intermedial Racemiguembelina fructicosal
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Pseundoguembelina hariaensis Zone (CF6-CF3) Zone is recorded
from the upper part of the Khoman Formation exposed in the
Farafra QOasis. It attains about 5m thick at Shakhs El-Obeiyid
section, 28m thick at northeast Bir Bidni and 17m thick at
northwest Ain Maaqfi section (Figs. 3.4).

Planktic faunal comteni: The most dominant planktic species
recorded in this zone are those extending from the underlying
zone such as Contusotruncana fornicata (Plummer), C. plicata
(White), Racemiguembelina Jructicosa (Egger),
Pseudoguembelina hariaensis Nederbagt, Heterohelix globulosa
(Ehrenberg), H. reussi (Cushman), Pseudoguembelina palpebra
(Bronnimann and Brown), P. excolata (Cushman), P. costulata
(Cushman), Pseudotextularia elegans {Rzehak), Planoglobulina
glabrata (Cushman), Globotruncana aegyptiaca Nakkady,
Globotruncanella  havanensis  (Loeblich), Rugoglobigerina
rugosa Plummer, Rugoglobigerina macrocephala Brénnimann,
Globigerinelloides prairiehillensis  (Passagno), Hedbergella
holmdelensis (Olsson) and Rugoglobigering scotti (Brdnnimann)
in addition to Contusotruncana contusa (Cushman) (Fig 3.4).

Benthic faunal content: The most diagnostic species that
recorded in this zone are those recognized in the underlying two
zones in addition to Saracenaria triangulars (Orbigny), Lagena
sulcata (Walker & Jacob), Anomalinoides sinaensis Said &
Kenawy, A. grandis (LeRoy), Neoflabellina jarvisi (Cushman),
Clavulinoides trilaterus (Cushman) and Tritaxia barakai Said &
Kenawy. The end of the Maastrichtian is marked by the
disappearance of several forms; the most important of them are
Bolivinoides draco (Marsson), Bolivinoides decoratus (lones),
Neofiabellina rugosa (dOrbigny), Verneuilina aegyptiaca
(Cushman) and Vaginulinopsis austinanai (Cushman).
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Fig. 3.4 Freguency disrtﬁbmion of the planktic fhraminil‘eral species of
the Maastrichtian rocks exposed in northwest Bir Bidni area,
northwest Farafra Oasic

Macrofossil content: The top part of the Khoman Formation that
belongs to the Gansserina gansseri and Contusotruncana
contusal  Pseudotextularia  intermedial  Racemiguembelina
Jfructicosal  Pseudoguembelina hariaensis Zones include the
following macrofossils: Lyropecten (Aequipecten) mayeremari
(Newton), Spondyius dutempleanus d'Orbigny and Agerostrea
ungulata (Schlotheim) among the bivalves as well as the
Burtinella solarioides Wanner and Terebratulina gracilis
Schlotheim among the gastropods and brachiopods respectively.

Remarks: This Zone is considered herein as the youngest
Cretaceous zone recorded in the Farafra Oasis. At the
Maastrichtian/Danian boundary of the Farafra Qasis, several
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——  —— — — —— —_— —— —  __ _ _ _ — — — ——
remarks on the planktic foraminifers are observed such as the

extinction of all Cretaceous species (tropical-subtropical and
cosmopolitan), the first appearance of the Danian species and the
abrupt change in species richness.
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Cont. Fig. 3.4 Frequency distribution of the plankfic foraminiferal
species of the Paleocene-Lower Eocene rocks exposed in
northwest Bir Bidni area. northwest Farafra Oasis.

At Qur Hadida area, the lowest exposed chalk is marked by
the occurrence of diverse CF3 foraminiferal assemblages and the
disappearance of the Gansserina gansseri (Bolli) that marks the
top of CF3 (Fig. 3.5). The Latest Maastrichtian-Early Danian is
absent due to the K/T hiatus in the northern part of Egypt. The
interval of the Pseudoguembelina paipebra (CF2) Zone and
Plummerita hantkeninoides (CF1) Zone in the Cretaceous Period
as well as the Parvularugoglobigerina eugubina (PO) Zone,
Parvularugoglobigerina  eugubina-Subbotina  triloculinoides
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(Pla) Subzone and Subbotina triloculinoides-Globanomalina
compressa (P1b) Subzone in the Early Paleocene period are
missing. This hiatus is also recorded by many authors (e.g.
Youssef and Abdel-Aziz, 1971; Hermina, 1990 and Abdel-
Kireem and Samir 1995) in the Farafra Oasis due to regional
tectonic activity. Abdel-Kireem er al. (1995) also recorded this
hiatus in two deep wells from the northern part of the Western
Desert.
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Fig. 3.5 Frequency distribution of the planktic foraminiferal species of
the Upper Maastrichtian rocks exposed in Qur Hadida avea,
cast Farafra Oasis.

The present (CF6-CF3) Zone is correlatable with the
Pseudoguembelina hariaensis Zone (CF3), Racemiguembelina
fructicosa Zone (CF4), Pseudotextularia intermedia Zone (CF5)
and Contusotruncana contusa Zone (CF6) recorded by Li and
Keller (1998a, b), Li et al. (1999) and Tantway et al. (2001). 1t
corresponds to the Globotruncana contusa Zone and middle part of
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the Abathomphalus mayaroensis Zone recorded in the Canbbean
(Premoli Silva and Bolli, 1973), in the western Mediterranean
(Wonders, 1980) and the upper part of the Gansserina gansseri
Zone and lower part of the Abathomphalus mayaroensis Zone of
Caron (1985) and Bolli (1966). Abdel-Kireem (1986) recorded the
Globotruncana contusa Subzone from the latest Middle
Maastrichtian of the Tanjero Formation, northeast Iraq as a part of
the Globotruncana aegyptiaca-lapperenti-stuarti Assemblage
Zone and mentioned that the iower boundary of his subzone is
characterized by the first appearance of Globofruncana contusa
and G. conica, while its upper boundary is characterized by the first
occurrence of the Abathomphalus mayaroensis Bolli, In the
Farafra Oasis and according to the faunal similarities, the present
(CF6-CF3) Zone could be correlated with the upper part of the
Gansserina gansseri Zone of Youssef and Abdel-Aziz (1971),
Hermina (1990) and Abdel-Kireem and Samir (1995) (Fig. 3.2).

In fact, the zonal scheme of Li and Keller (1998a, b} can not
be applied in the present study because the Globotruncana
linneiana (d'Orbigny), Pseudoguembelina hariaensis Nederbagt
and Racemiguembelina fructicosa (Egger) are sporadically and
rarely recorded in the studied sections.

Samir (2002) subdivided the Racemiguembelina fructicosa
(CF4) Zone of Li and Keller (1998a} into subzones:
Racemiguembelina fructicosa Subzone (which is defined from
first appearance of the nominate taxon to the FA of the
Abathomphalus mayaroensis Bolll) and the Abathomphalus
mayaroensis Subzone (which extends from FA of the
Abathomphalus mayaroensis to FA of the Pseudoguembelina
hariaensis  Nederbagt). As previously mentioned, the
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Abathomphalus mayaroensis Bolli is considered as unreliable
index species in the low latitude sections.

I§1.2 Paleocene biozones

4. Parvularugoglobigerina eugubina-Praemurica uncinata
Zone (= P1)

Author: Berggren and Miller (1988). This zone is emended by
Berggren ef al. (1993).

Estimated age: 64.9-61 2Ma (Danian).

Definition: The Parvilarugoglobigerina eugubina-Praemurica
uncinata Zone is defined as the biostratigraphic interval between
the LA of the Parvularugoglobigerina eugubina and the FA of
Praemurica uncipnata.

Remarks: The Parvularugoglobigerina eugubina-Praemurica
uncinata Zone is subdivided by Berggren et ai. (1995) into three
subzones labeled Pla, P1b, and Plc. Arenillas et al. (2000) called
this subzone as Parasubbotina pseudobulloides Zone. Keller and
Von Salis (1993) divided the Early Danian into two zones; PO and
PI (equivalent to PO, Pe and Pl of Berggren et af., 1995). They
subdivided their P1 Zone into four subzones labeled Pla, Plb,
Plc and P1d (Fig. 3.6). In the Farafra Oasis, the Plc Subzone lies
directly on the Cretaceous planktic taxa.

-  Globanomalina  compressa/Praemurica  inconstans-
Praemurica uncinata Interval Subzone (=Pl¢)

Author: The Globanomalina compressal Praemurica inconstans-
P. uncinata Interval Subzone is defined by Berggren et al. (1995)
which is equivalent to subzone Plc in Berggren and Milier
(1988).
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Fig. 3.6 Correlation between biczonal schemes of Berggern et al (19935},
Keller et al. (1993), ArcniMas ef al. (2000) for the Early Danian
age.

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

Definition: This biozone covers the biostratigraphic interval
between the FA of the Globanomalina compressa (Plummer)
and/or Praemurica inconstans (Subbotina) at the base and the FA
of the Praemurica uncinata (Bolli) at the top.

Stratigraphie  position: The Gilobanomalina compressa-
Praemurica uncinata Subzone is recorded from the lower part of
the Kharga Shale Member of the Dakhla Formation in the Farafia
Qasis. It attains 12m at Shakhs El-Obeiyid section, 7m thick at
northwest Bir Bidni section, 5m thick at northwest Ain Magfi and
Ain Magfi and 4m thick at Bir Murr.

Planktic faunal content: The Globanomalina compressal
Praemurica inconstans- P. uncinata Subzone is very rvich in its
faunal content (Fig. 3.7). The most dominant planktic species
recorded in this zone include: Globoconusa daubjergensis

(Brénnimann), Globanomalina  compressa (Plummer),
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Parasubbotina
varianta (Subbotina), Subbotina iriloculinoides (Plummer),
Praemurica inconstans (Subbotina), Praemurica trinidadensis
(Bolli) and Chiloguembelina midwayensis (Cushman).
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Fig. 3.7 Frequency distribution of the planktic foraminiferal species of
the Upper Cretaceous-Lower Eocene rocks exposed in Bir
Murr area. east Farafra OQasis.

Benthic faunal content: The most abundant benthic species
recorded in the Globanomalina compressa-Praemurica uncinata
Subzone are: Cibicidoides farafraensis (LeRoy), Spiroplectinella
dentata (Alth), Lenticulina midwayensis (Plummer), L. obesa
(Nakkady), Pseudoclavufina magfiensis (LeRoy) and P,
farafraensis (LeRoy).

Macrofossils content: The predominant macrofaunal species in

the  Globanomalina  compressa/Praemurica  inconstans-

Praemurica uncinata Subzone is the Terebratula libyca Wanner

that marks the Cretaceous/Tertiary boundary in the Farafra Oasis.
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Remarks: Berggren and Norris (1997) proposed the
Globanomalina compressa-Praemurica uncinata Subzone as
emendation of the Subzone Plc (Morozovella inconstans-
Plancrotalites compressa) of Berggren and Miller (1988). The
present Plc Subzone is equivalent to the Morozovella
trinidadensis Zone of Stainforth ef ol (1975) and Toumarkine
and Luterbacher (1985), the Plb Subzone (Globorotalia (T.)
Compressa/Eogobigerina eobulloides simplissima) of Blow
(1979), the Plc Subzone of Berggren and Miller (1988), the
Praemurica trinidadensis (P1d) Subzone of El Dawy (2005) and
Berggren and Norris (1997). This subzone is also corresponding
to the basal part of the Globorotalia compressa-Globigerina
daubjergensis Zone of El-Nagger (1966), the upper part of the
Globoconusa daubjergensis/Globarotalia pseudobulloides Zone
of Abdel Kireem (1971), 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 af. (2003)
and Khalil and Mashaly (2004). This zone is also correlatable
with the same zone recorded by Galal (2003); the Globanomalina
compressa/Praemurica inconstans-Praemurica uncinata Subzone
and the equivalent chiloguembelina midwayensis Zone from west
central Sinai.

Tantawy ef al. (2001) pointed out that the strong erosion
during the Danian is also evidenced at Gunma North where the P2
planktic foraminiferal assemblage and the lower zone NP4
calcareous nannofossil assemblage overlte directly the Late
Maastrichtian CF4-3 and CC25b assemblages. In the present
study, the oldest recorded Danian biozone is the Globanomalina
compressa-Praemurica uncinata (=Plc).
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5.  Praemurica uncinata—Morazovella angulata Interval Zone
=P2)

Author: Berggren ef al. (1995).
Estimated age: 61.2-61.0Ma (Latest Danian).

Definition: The Praemurica uncinata—Morozovella angulata
Zone marks the biostratigraphic interval between the FA of the
Praemurica uncinata (Bolli) at the base and the FA of the
Morozovella angulata (White) at the top.

Stratigraphic position: This biozone is recorded from the middle
part of the Kharga Shale Member of the Dakhla Formation in the
Farafra Qasis. It attains about 5m thick at Shakhs Ei-Obeiyid,
about 10m thick at Ain Magfi and 6m thick at Bir Murr (Fig 3.6).

Planktic faunal content: The Praemurica uncinata-Morozovella
angulata Zone is found rich in its faunal content. The most
dominant planktic species recorded in this zone include:
Globoconusa  daubjergensis  (Bronnimann), Globanomalina
compressa  (Plummer),  Parasubbotina  pseudobulloides
(Plummer), Parasubbotina varianta (Subbotina), Subbotina
triloculinoides (Plummer), Praemurica inconstans (Subbotina),
Praemurica ftrinidadensis (Bolli), Morozovella praeangulata
(Blow), M praecursoria (Morozova) and Parasubbotina
variospira (Belford).

Benthic faunal content: Clavilinoides trilaterus (Cushman),

Gaudryina aissana Dam & Sigal, Loxostomoides applinae

(Plummer), Paralabamina reussi (Morrw), Vulvulina colei

Cushman, Dorothia bulletta {Carsey) among many others are the

most common benthic species present in the Praemurica
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uncinata—Morozovella angulaia Zone.

Remarks: This zone corresponds to the Globorotalia uncinata
Zone of Bolli (1957 & 1966), the Globorotalia (Acarinina)
praecursoria Zone of Blow (1979), the Morozovella uncinata
Zone of Toumarkine and Luterbacher (1985) and Khalil and
Mashaly (2004) and the Praemurica uncinata Zone (P2) of
Berggren and Miller (1988), Berggren et 4. (1995) and Berggren
and Norris (1997). A Middie Paleocene age is suggested to the
Globorotalia uncinata Zone by El-Naggar (1966) from Nile
Valley and by Abdel-Kireem and Samir (1994} from the Farafra
QOasis. Recently, Samir (2002) and Galal (2005) recorded the
Praemurica uncinata—-Morozovella angulata Zone from the
Latest Danian in Sinai.

6. Morozovella angulata-Globanomalina pseudomenardii
Interval Zone (= P3)

Author: Berggren et al. (1995).
Estimated age: 61.0-59.4Ma (Earliest Selandian}.

Definition: The Morozovella angulata-Globaromalina
pseudomenardii biostratigraphic interval between the FA of the
Morozovella angulata (White) at the base and the FA of the
Globanomalina pseudomenardii (Bolli} at the top.

Stratigraphic position: This zone is recorded from the top part
of the Kharga Shale Member of the Dakhla Formation in the
Farafra Oasis. It has a total thickness of about 10m in notthwest
Bir Bidni and 1m in Ain Magfi area.

Remarks: This biostratigraphic interval is handled in different
ways by various authors. For instance, Blow (1979, p. 263)
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Globorotalia angulata. This differs from the subdivision
proposed by Stainforth et @l (1975) and Toumarkine and
Luterbacher (1985) which is based on the sequential FA of the
Morozovella angulata and Igorina pusilla. Berggren and Miller
(1988) subdivided this zone relying on the FA of the Igorina
pusilla in the lower third of the Morozovella angulata Zone into
two subzones: P3a (which is defined from the FA of the
Morozovella angulata to the FA of the Igorina pusilla) and P3b
(which marks the biostratigraphic interval from the FA of the
Igorina pusilla to the FA of the Globanomalina pseudomenardii).
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-
Globanomalina pseudomenardii Zone is equivalent to the
Globorotalia angulata Zone described by Faris (1985) in Ain
Amur, Kharga area and to the Morozovella angulata Zone of
Hewaidy (1987) in El-Quseima, north Sinai and of Khalil and
Mashaly (20604) in Gabal Musaba Salama, west central Sinai.
Recently, Tantawy et ai. (2001) recorded the P3 Zone from the
Western Desert, while Samir (2002), Galal and Kamel {2003) and
Ayyad et af (2003) identified this zone from Sinai.

Berggren et al (1995), Berggren and Nomis (1997) and
Olsson et al. (1999) re-subdivided P3 Zone into two subzones:
Morozovella angulata-Igorina albeari Interval Subzone (P3a) and
Igorina  albeari-Globanomalina  pseudomenardii  Interval
Subzone (P3b). Based on this subdivision, the present P3 Zone is
divided into two subzones in the Farafra QOasis.
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- Morozovelln angulota-Igorina albeari Interval Subzone
(P3a)

Author: Berggren et al. (1995).

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

Definition:  Biostratigraphic interval from the FA of the
Morozoveila angulata (White) at the base to the FA of the Igorina
albeari (Cushman and Bermudez) at the top.

Planktic faunal content: The planktic assemblage of this
subzone is dominated by morozovelliods with angular conical
chambers throughout their youngest whorl such as Morozovella
conicotruncata (Subbotina), M. Praeangulata (Blow), M
angulata (White), M. praecursoria (Morozova) in addition to
Subbotina triloculinoides (Plummer), Globanomalina compressa
(Plummer) and Praemurica uncinata (Bolli) (Fig 3.4).

Remarks: It is preferable to use the Morozovella angulata rather
than the Igorina pusilla to delineate the lower boundary of the
P3a Subzone. This is due to the rarity or sporadic occurrence of
the Igorina pusilla as outlined by many authors (e.g. Beckmann et
al., 1969; Toumarkine and Luterbacher, 1985; Abdel-Kireem and
Samir, 1995; Berggren and Norris, 1997). Based on faunal
similarities, the present P3a Subzone could be equivalent to the
upper part of the Morazovella uncinata Zone of Stainforth ef al.
(1975) and Toumarkine and Luterbacher (1985) and to the lower
part of P3 Zone of Blow (1979). The Morozovella angulata Zone
is recorded in Egypt by Abdel-Kireem and Samir (1995),
Marzouk and Lining (1998) and El-Nady and Shahin (2001).
Recently, the Morozovella angulata-Igorina albeari Interval
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(2003) in south Sinai.

- Igorina albearilGlobanomalina pseudomenardii  Interval
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 Globanomalina pseudomenardii (Bolli) at <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>