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Abstract Twelve calcareous nannofossil biozones of Late
Oligocene-Late Miocene in Northern Egypt were defined
and correlated with their corresponding biozones in Egypt
and other parts of the world. These are arranged from the
top to base as Zone NN12, Zone NN11, Zone NN10, Zone
NN8, Zone NN7, Zone NN6 Zone NN5, NN4, Zone NN3,
Zone NN2 Zone NP25 and Zone NP24. In the present study
(Boughaz-1 Well), the Late Miocene unconformably overlies
the Middle Miocene. This unconformity surface is recognized
by the missing of calcareous nannofossil zones NN7 to NN9.
While, in North Sinai (Malha-1 Well), the Early/Middle
Miocene boundary cannot be recognized, where the Middle
Miocene unconformably overlies the topmost Oligocene, and
it is defined by the missing calcareous nannofossil zones NN1
to NN4.

Keywords Calcareous nannofossil . Oligocene .Miocene
wells . Northern Egypt

Introduction

In comparison to the widespread distribution of Paleocene to
Eocene rocks in the Levant and the Middle East, Oligocene

strata are recorded from only a few outcrops of restricted ex-
tent. Within the Mediterranean coast and the Red Sea/Gulf of
Suez regions, Oligocene exposures are patchy in occurrence.
This is due to erosion, as a consequence of tectonically in-
duced uplift, enhanced by a major mid-Oligocene global
sea-level fall (Haq et al., 1988; Haq and Al-Qahtani, 2005).

The Miocene succession in Egypt represents about 12 % of
the total land surface (Ball 1952). Lying unconformably on the
older rocks, they extend from near Cairo westwards across the
northern part of the Western Desert into Libya. They are
forming a plateau rising gradually to south and reaching
height over 200 m. Also, they occur in hills to the east of
Cairo, as well as, along both sides of the Gulf of Suez and
near the Red Sea coast in both Egypt and Sudan (El-Heiny
1979).

Several biostratigraphical studies have been done on this
succession, (e.g. El Heiny and Martini 1981; Arafa 1982,
1991; El Heiny and Morsi 1992; El Sheikh 1995; Marzouk
1998; Sadek 2000, 2001; Mandur 2003; Marzouk and
Soliman 2004; Abu Shama 2007; Faris et al. 2007, 2009;
Soliman et al. 2012; Boukhary et al. 2012; Samir 2013;
Hewaidy et al. 2014).

This study aims (1) to investigate the distribution of the
calcareous nannofossils and establish biostratigraphic zona-
tion for the subsurface Oligo-Miocene rocks in five wells
(Boughaz-1, El-Temsah-2, San El-Hagar-1, Bardawil-1, and
Malha-1) and (2) to discuss some Neogene Stage boundaries.

Location and material

A total of 138 subsurface ditch samples were collected from
five subsurface wells in Northern Egypt, Boughaz-1 Well was
drilled to a total depth of about 3540.9 m by Continental Delta
Oil Company and located at (lat. 31° 09′ 24.6″N, long. 32° 40′
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47.55″ E), El-Temsah-2 Well was drilled to a total depth of
about 4689 m by Mobil exploration Egypt Incorporated
Company at location (lat. 31° 47′ 7.38″ N, long. 32° 10′
26.68″ E), San El-Hagar-1 Well was drilled to a total depth
of about 3772 m by Continental Delta Oil Company with
location of (lat. 30° 29′ 13″ N, long. 31° 50′ 53″ E),
Bardawil-1 Well was drilled to a total depth of about
4490 m by Egyptian Petroleum Company (E.G.P.C) and lo-
cated (lat. 31° 08′ 14″ N, long. 33° 07′ 35″ E) and Malha-1
Well was drilled to a total depth of about 2198 m by (E.G.P.C)
at location (lat. 30° 59′ 12″ N, long. 33° 20′ 32″ E) (Fig. 1).

Methodology

Smear slides of each sample were prepared. Small pieces of the
ditch samples were taken for nannofossil investigations accord-
ing to the commonly technique suggested by Bramlette and
Sullivan (1961), Hay (1964) and Perch-Nielsen (1985). The
smear slides were examined using polarizing microscope at
×1000 magnification in cross polarized light.

Semi-quantitative analysis of the calcareous nannofossils
was carried out on this study. Relative species abundance of
calcareous nannofossils was estimated following the criteria
used by some authors as Rio et al. (1990) and Fornaciari et al.
(1996) as the following: A = abundant (>10 specimens/field of
view), C = common (1–10 specimens/field of view), F = few
(1 specimen/1–10 fields of view) and R = rare (1 specimen/
>10 fields of view).

Lithostratigraphy

The Oligo-Miocene sequence in this study was represented by
five rock units arranged for the top to base as follows:
Qawasim, Sidi Salem, Kareem, Rudeis and Qantara forma-
tions. The litho- and biostratigraphy of these rock units in
the five wells are shown in (Figs. 2, 3, 4, 5 and 6).

Qawasim formation

The Qawasim Formation was first introduced by Rizzini et al.
(1978). The type section is in the Qawasim-1Well (lat. 31° 21′
N and long. 30° 51′ E), Nile Delta area (depth intervals be-
tween 2800 to 3765 m). It consists essentially of sand/shale
section together with conglomerate (Zaghloul et al. 1977b).
This formation conformably overlies the Sidi Salem and the
Kareem formations in the El-Temsah-2 and San El-Hagar
wells, respectively. It is not studied in the Boughaz-1,
Bardawil-1 and Malha-1 wells.

Sidi Salem formation

This formation was introduced by the Stratigraphic
Subcommittee of the NCGS (1974). The type section was
drilled in the Sidi Salem-1 Well (lat. 31° 20′ N and long. 30°
43′ E), South of Lake Burullus.

The Sidi Salem Formation attains thicknesses of about 475,
400, 570 and 50 m in the Boughaz-1, El-Temsah-2, Bardawil-
1 and Malha-1 wells, respectively. It unconformably overlies
the Rudeis Formation and conformably underlies the
Qawasim Formation in the Boughaz-1 Well. In the El-
Temsah-2 Well, this formation is conformably overlain and
underlain by the Qawasim and Qantara formations, respec-
tively. While in the Malha-1 Well, it is unconformably under-
lain by the Qantara Formation.

Kareem formation

The Kareem Formation was first introduced by Ghorab et al.
(1964) in its type locality at Gharib North-2 Well, Eastern
Desert, from depth intervals 1310 to 1571 m (lat. 25° 25′ N
and long. 32° 54′ E). This formation builds up the youngest
rock unit of the Gharandal Group. In the type section, the
Kareem Formation attains about 260 m thick and composed
of evaporite in its lower part and becomes highly calcareous
shale grading into marl in its upper part.

In the present study, the Kareem Formation is represented
only in the San El-Hagar-1 Well, measures about 100 m thick
and conformably overlies the Rudeis Formation.

Rudeis formation

The Rudeis Formation was originally described by Ghorab
et al. (1964). The type section of this formation corresponds
to the interval 1840–2620 m, in the Rudeis-2 Well in the West
Central Sinai (lat. 28° 53′ N and long. 33° 10′ E). In the type
section, the Rudeis Formation attains a thickness of 780 m and
is composed of sandy shales and calcareous shales with hard
sandstone beds and minor limestone.

In the present study, the Rudeis Formation attains a thick-
ness of about 475 m in the Boughaz-1 Well and in the San El-
Hagar Well; this formation measures about 110 m thick. In the
Boughaz-1Well, the Rudeis Formation unconformably under-
lies the Sidi Salem Formation while it conformably overlies
the Qantara Formation. On the other hand, this formation in
the San El-Hagar-1 Well conformably underlies and overlies
the Kareem and Qantara formations, respectively.

Qantara formation

The type section is in Qantara-1 Well (lat. 31° 02′ N and long.
32° 14′ E), northeastern side of the Nile Delta area (from depth
2577–3110 m). The Qantara Formation was introduced by the
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International Egyptian Oil Company (IEOC, internal report).
In the type section, this formation consists of light grey to
whitish marls, with sandstone intercalation (El Heiny and
Morsi 1992).

In the studied wells, the Qantara Formation measures about
828, 664, 680 and 50 m thick in the Boughaz-1, El-Temsah-2,
San El-Hagar-1 and Malha-1 wells, respectively. In the
Boughaz-1 Well, this formation conformably underlies the
Rudeis Formation and unconformably overlies the Late
Cretaceous sediments. The Qantara Formation conformably
underlies the Sidi Salem Formation and the Rudeis
Formation in the El-Temsah-2 Well and the San El-Hagar-1
Well, respectively. In the Malha-1 Well, the Qantara
Formation unconformably underlies and overlies the Sidi
Salem Formation and the Late Cretaceous formations,
respectively.

Results and discussion

Nannofossil biostratigraphy

In the present study, the zonal schemes of Martini (1971)
and Okada and Bukry (1980) have been followed. Other
bioevents were used to improve nannofossil biostratigra-
phy. The biostratigraphic interpretations are based mainly
on the lowest occurrence (LO) and highest occurrence
(HO) of the marker species. In the subsurface wells, exam-
inations of samples are usually downward due to contam-
ination by caving, so, the first appearance (HO) of taxon
downward was used for the determination of zonal bound-
aries. The ages, nannofossil zonal scheme, nannofossil rel-
ative abundance (ranged from common to very rare) and
preservation (ranged from good to moderate) in the studied

Fig. 1 Location map of the studied wells
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wells are shown in stratigraphic distribution charts, (Figs.
7, 8, 9, 10 and 11). Unfortunately, some Cretaceous
reworked taxa were recorded in the Boughaz-1 and

Malha -1 wel l s (Arkhange l sk i e l la cymbi formis ,
Lucianorhabdus cayeuxii, Micula decussara, Watznaueria
barnesae, Kamptnerius magnificus, Eiffellithus gorkae,

Fig. 2 Litho- and biostratigraphic units of the Boughaz-1 Well
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Fig. 3 Litho- and biostratigraphic units of the El-Temsah-2 Well
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Fig. 4 Litho- and biostratigraphic units of the San El-Hagar-1 Well
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etc.) (Figs. 7 and 11). Some representative nannofossil taxa
are illustrated in Plates 1, 2, 3 and 4.

Amaurolithus tricorniculatus zone (NN12)

This zone is defined as the interval from the HO ofDiscoaster
quinqueramus to the LO of Ceratolithus rugosus and/or the
HO of Ceratolithus acutus.

In this study, the A. tricorniculatus Zone (NN12) is well
recorded in the Bardawil-1 Well, and its lower part
(NN12a) Subzone was defined in the Boughaz-1 Well. In
the Bardawil-1 Well, it attains a thickness of about 200 m;
the top of this zone was recorded at depth 1240 m whereas
the base was at 1440 m. The NN12 Zone in this well oc-
cupies the upper part of Sidi Salem Formation. In the
Boughaz-1 Well, the top of Triquetrorhabdulus rugosus
Subzone (NN12a) was recorded at depth 1316 m and its

base at depth 1375 m, (59 m thick), and it lies at the top of
Sidi Salem Formation.

In the Bardawil-1 Well, the top of this zone was recog-
nized at the lowest occurrence of Ceratolithus rugosus and
the base was identified at the highest occurrence of
Discoaster quinqueramus. While in the Boughaz-1 well,
according to Martini (1971), the base of this zone was
defined at the HO of D. quinqueramus, the top cannot be
determined due to the lack of sufficient samples. The
Triquetrorhabdulus rugosus Subzone (NN12a) of the Late
Miocene is defined as the interval from the HO of
Discoaster quinqueramus to the LO of Ceratolithus acutus
(Okada and Bukry 1980).

So, in the Boughaz-1 well, only the Triquetrorhabdulus
rugosus Subzone (NN12a) was defined and includes the in-
terval from the HO of Discoaster quinqueramus to the HO of
Discoaster intercalaris.

Fig. 5 Litho- and biostratigraphic units of the Bardawil-1 Well
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Ceratolithus rugosus is rare in many basins worldwide,
and its lowest occurrence can hardly be recognized due to
the absence of core and side-wall samples (Huang 1997).
For this reason, the highest occurrence of Ceratolithus
acutus which defines the top of the Subzone CN10b by
Bukry (1975) was adopted to mark the top of the Zone
NN12 for the cutting samples as suggested by Varol
(1983) and Womardt et al. (1992). The lowest occurrence
of Ceratolithus acutus defines the boundary between the
Triquetrorhabdulus rugosus Subzone (CN10a) and the
overlying C. acutus Subzone (CN10b) of Bukry (1973)

who noted that the nannofossils Subzone CN10a has a very
short duration.

The Amaurolithus tricorniculatus Zone (NN12) or its sub-
zones were correlated with that recorded by some other au-
thors (e.g. Berggren et al. 1985; Raffi and Flores 1995;
Gartner and Shyu 1996; Okada 2000; Abu Shama 2007;
Faris et al. 2007; Fadiya and Salami 2012).

The most common assemblages of this zone are
Amau ro l i t h u s d e l i c a t e s , A . t r i c o r n i c u l a t u s ,
Braarudosphaera bigelowii, Coccolithus pelagicus,
Reticulofenestra pseudoumbilicus, R. minuta, R. minutula,

Fig. 6 Litho- and biostratigraphic units of the Malha-1 Well
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Calcidiscus leptoporus, C. macintyrei, C. tropicus,
Discoaster brouweri, D. intercalaris, D. surculus, D.
asymmetricus, D. challenger, D. pentaradiatus, D.
variabilis, Helicosphaera carteri, H. sellii, Pontosphaera
anisotrema, P. multipora, Scyphosphaera tercisensis,
Sphenolithus abies and Sph. Neoabies, in addition to the
presence of Ceratolithus rugosus.

Discoaster quinqueramus zone (NN11)

It is defined as the interval from the LO to the HO of
D. quinqueramus and the LO of D. berggrenii and/or the LO
of D. surculus to the HO of D. quinqueramus.

This zone was recorded in the Boughaz-1 and Bardawil-1
wells, representing the middle part of Sidi Salem Formation.
In the Boughaz-1 Well, this zone attains a thickness of about
235 m, from depth intervals 1375 m (top) to 1610 m (base). In
the Bardawil-1 Well, it measures a thickness of about 160 m,
from depth intervals 1440 m (top) to 1600 m (base). In both
the Boughaz-1 and Bardawil-1 wells, the top and the base of
the Zone NN11 were defined by the HO and the LO of
D. quinqueramus, respectively.

Okada and Bukry (1980) subdivided the Discoaster
quinqueramus Zone (CN9) into a lower D. berggrenii
Subzone (CN9a) and an upper Amaurolithus primus
Subzone (CN9b) according to the lowest occurrence of
A. primus (the first horseshoe shaped calcareous nannofossil

in the Neogene). Also, the LO of Amaurolithus delicatus and
the HO of Reticulofenestra rotaria are significant in determi-
nation of Zone NN11. The LO of A. delicatus was proposed
by Martini and Müller (1986) and it is equivalent to the LO of
A. primus proposed by Bukry (1973). The two LOs (A. primus
and A. delicates) were used for subdividing the Zone NN11
into the lower NN11a and upper NN11b subzones (Huang
1997). The LO of R. rotaria was first used by Theodoridis
(1984) to define the base of the total range zone of R. rotaria
within the Zone NN11. The lowest common occurrence
(LCO) of R. rotaria has been detected above the LO of
A. primus (Flores et al. 1992; Tazzi 1996).

In the Boughaz-1 and Bardawil-1 wells, Discoaster
quinqueramus was grouped with D. berggrenii, but typical
specimens of the D. berggrenii become extinct before the
highest occurrence of D. quinqueramus as noted by Bukry
(1973) in some oceanic areas and by Faris et al. (2007) in
Northeast Nile Delta, Egypt. Also, the top and the base of
the Zone NN11 were defined by the HO and the LO of
Discoaster quinqueramus, respectively by El Sheikh (1995),
Abu Shama (2007) and by Fadiya and Salami (2012).

In this study, both Amaurolithus delicatus and A. primus
cannot be recorded in any sample. So, the LO and HO of
D. quinqueramus is used herein to define the Zone NN11.

The nannofossil assemblages of Discoaster quinqueramus
Zone (NN11) include Braarudosphaera bigelowii ,
Coccolithus pelagicus, Reticulofenestra pseudoumbilicus,
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Fig. 7 Stratigraphic distribution chart of the recorded calcareous nannofossil species of the Boughaz-1 Well
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R.minuta, R.minutula,Calcidiscus leptoporus,C.macintyrei,
C. tropicus, Discoaster brouweri., D. intercalaris, D.
surculus, D. asymmetricus, D. challengeri, D. pentaradiatus,
D. variabilis, D. berggrenii, Helicosphaera carteri, H.
intermedia, H. sellii, Pontosphaera anisotrema, P. multipora,
P. pectinata, Scyphosphaera tercisensis Lezaud, Sphenolithus
abies and Sph. neoabies, in addition to the marker species
Discoaster quinqueramus.

Discoaster calcaris zone (NN10)

This zone is defined as the interval from the HO of
Di s coa s t e r hama tu s t o t h e LO o f Di s coa s t e r
quinqueramus, or the LO of Discoaster berggrenii, or the
LO of Discoaster surculus.

In the present study, this zone has been recorded in the
Bardawil-1 and Boughaz-1wells. The Zone NN10was record-
ed in lower part of Sidi Salem Formation in both two wells.
The Zone NN10 can be divided into two subzones: NN10a

and NN10b.The uppermost of Discoaster calcaris Zone
(=Subzone NN10b) was recorded in the Bardawil-1 Well
(depth 1600 to1790 m, about 190 m thick), while in the
Boughaz-1 Well, the top of Subzone NN10a was defined
(depth 1610 m), and it unconformably underlies the Zone
NN11 due to the absence of the Subzone NN10b and it un-
conformably overlies the Zone NN6 due to the absence of
zones NN9, NN8 and NN7. The Subzone NN10a in
Boughaz-1 Well has 165 m thick.

In the Bardawil-1Well, the top ofDiscoaster calcaris Zone
NN10 (NN10b) was defined by the LOs of Discoaster
quinqueramus, D. berggrenii and D. surculus. Whereas the
base of Zone NN10 (NN10a) in this well cannot be detected
due to the absence of D. hamatus. In the Boughaz-1 Well, the
highest occurrence of D. bollii occurs near the top of Zone
NN10, just below the lowest occurrence of D. quinqueramus
(depth 1610 m), which defines the top of Zone NN10 in the
Boughazi1 Well. So, there is a small hiatus between this
Subzone NN10a and the Zone NN11, represented by the
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Fig. 8 Stratigraphic distribution chart of the recorded calcareous nannofossil species of the El-Temsah-2 Well
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absence of the Subzone NN10b. In the Boughaz-1 Well, the
base of the Subzone NN10a cannot be determined due to the
presence of a big hiatus (missing of zones NN9, NN8 and
NN7).

Bukry (1973) subdivided theDiscoaster calcarisZone (CN8)
(=NN10) into a lowerDiscoaster bellus Subzone (CN8a) and an
upper Discoaster neorectus Subzone (CN8b) by the LO of
D. neorectus and/or the LO of Discoaster loeblichii. Rio et al.
(1990) noted a few specimens of typicalD. neorectus fromwest-
ern equatorial Indian Ocean (Leg 115) and recordedD. loeblichii
as sporadic species only occurred at higher stratigraphic level;
therefore, they could not subdivide this zone as Bukry (1973).

The highest occurrenceDiscoaster loeblichii is used byBukry
(1973) to define the top of Subzone CN8b. The co-occurrences
of D. loeblichii and of D. berggrenii were previously noted by
Proto-Decima et al. (1978), Mazzei et al. (1979) and Parker et al.
(1985) in theAtlanticOcean. The range ofD. neorectus restricted
to CN8b of Bukry (1973). The top of Zone NN10 is defined by
the lowest occurrence of Discoaster quinqueramus, and the top
of the Zone CN8 (equivalent to top of the ZoneNN10) is defined
by the lowest occurrence ofDiscoaster berggrenii. Therefore, the
highest occurrence of Discoaster neohamatus is a bioevent that
occurs slightly below the lowest occurrence ofD. quinqueramus
and is used as the marker for defining the top of NN10 (Varol

1983). Another useful characteristic of this zone is the apparent
decrease of Reticulofenestra over 7 μm in size and abrupt
increase of Reticulofenestra less than 5 μm. Faris et al. (2007)
determined the top and base of Zone NN10 in some wells at
Northeast Nile Delta area.

The characteristic nannofossils of this zone include
Braarudosphaera bigelowii, Coccolithus pelagicus,
Reticulofenestra pseudoumbilicus, R. minuta, R. minutula,
Calcidiscus leptoporus, C. macintyrei, Discoaster brouweri
Tan emend., D . surculus, D . bollii , D. variabilis,
Helicosphaera carteri/H. kamptneri, Pontosphaera
anisotrema, P. multipora, P. pectinata, Sphenolithus abies
and Sph. moriformis.

Catinaster coalitus zone (NN8)

The Catinaster coalitus Zone (NN8) is defined by the interval
from the LO of Catinaster coalitus to the LO of Discoaster
hamatus.

The base of Catinaster coalitus Zone (NN8) was recorded
only in the El Temsah-2 Well at depth 3388 m. It occupies the
upper part of Qawasim Formation. The thickness as well as
top of this zone herein cannot be determined due to the ab-
sence of Discoaster hamatus.
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Fig. 9 Stratigraphic distribution chart of the recorded calcareous nannofossil species of the San El-Hagar-1 Well
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Fig. 10 Stratigraphic distribution chart of the recorded calcareous nannofossil species of the Bardawil-1 Well
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In the El-Temsah-2 Well, the base of this zone has been
defined roughly by the HO of Coccolithus miopelagicus due
to the absence of Catinaster coalitus. The top of Zone NN8
also cannot be determined in the present study as a result of the
absence of the Zone NN9. Discoaster exilis and Coccolithus
miopelagicus usually disappear near the top of Zone NN8
(Perch-Nielsen 1985; Rio et al. 1990).

The LO of Discoaster pseudovariabilis also approximates
the LO of Catinaster coalitus (Perch-Nielsen 1985). Rio et al.
(1990) recorded that Discoaster brouweri and D. calcaris are
common in this inteval and D. pseudovariabilis is rare. On the
other hand, the HO of C. miopelagicus is used to approximate
the base of the Zone NN8 in the absence of C. coalitus (Raffi
and Flores 1995; Marino and Flores 2002; McGonigal andWei
2003). The top of NN8 fits the original definition of the same
zone by Martini (1971) in some wells of the Northeast Nile
Delta as the Ras El Barr-1 Well (Faris et al. (2007). Whereas,
the HO ofDiscoaster exilis is used to approximate the top of the
Zone NN8 (Perch-Nielsen 1985; Rio et al. 1990).

The most common assemblages of this zone include
Reticulofenestra pseudoumbilicus, R. minutula, Calcidiscus
macintyrei, Helicosphaera carteri/H. kamptneri, Pontosphaera
anisotrema, P. multipora and Sphenolithus abies.

Discoaster kugleri zone (NN7)

This zone includes the Interval from the LO of Discoaster
kugleri and/or the HO of Cyclicargolithus floridanus to the
LO of Catinaster coalitus.

The top of the Zone NN7 can be recognized in only one
well (El-Temsah-2) of the present five studied wells. It lies at
depth 3388 m, while its base cannot be recognized due to the
absence of the Zone NN6. The thickness of the Discoaster
kugleri Zone (NN7) in the El-Temsah-2 Well extends to the
top of the Zone NN5, from depth 3388 to 3576 m (188 m
thick.), in the lower part of Qawasim Formation. In the present
study, the top of this zone can be roughly defined by the HO
Coccolithus miopelagicus as Marino and Flores (2002) due to
the absence of the marker species Catinaster coalitus. On the
other hand, the base of this zone cannot be defined due to the
presence of unconformity surface between the Zone NN7 and
the Zone NN5, recorded by the absence of the Zone NN6. So,
in the El-Temsah-2 Well, the Zone NN7 unconformably over-
lies the Zone NN5.

Discoaster deflandrei becomes very rare and disappears
near the top of the Zone NN7 (Perch-Nielsen 1985).
According to Ellis (1981) and Perch-Nielsen (1985),
Discoaster kugleri disappears near the top of Zone NN7.
The highest occurrence of D. kugleri, an auxiliary bioevent
proposed by Bukry (1973), was used to mark the top of the
NN7 Zone. Theodoridis (1984) mentioned that the highest
occurrence of Helicosphaera walbersdorfensis occurs close
to the lowest occurrence of Catinaster coalitus. The highest
occurrence ofH.walbersdorfensis is correlated with the top of
NN7 Zone (Fornaciari et al. 1996; Siesser and de Kaenel
1999). Marino and Flores (2002) used the highest occurrence
of Coccolithus miopelagicus to roughly approximate the
NN7/NN8 boundary. Faris et al. (2007) used the highest
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Fig. 11 Stratigraphic distribution chart of the recorded calcareous nannofossil species of the Malha-1 Well. (Note: all lithologic descriptions and
symbols for (Figs. 7–11) are presented in (Figs. 2–6) respectively)
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occurrence ofHelicosphaera walbersdorfensis at Bougaz E-1
Well, to roughly approximate the NN7/NN8 boundary.

This zone includes Reticulofenestra pseudoumbilicus, R.
minutula, Calcidiscus macintyrei, C. tropicus, Coccolithus
miopelagicus, Helicosphaera carteri/H. kamptneri,
Pontosphaera anisotrema , P. multipora , P. plana ,
Sphenolithus moriformis and Sphenolithus abies.

Discoaster exilis zone (NN6)

This zone is defined as the interval from the HO of
Sphenolithus heteromorphus to the LO of Discoaster kugleri
and/or the HO of Cyclicargolithus floridanus.

The Zone NN6 has been recorded in the Boughaz-1 and
Malha-1 wells. In the Boughaz-1 Well, the highest occurrence
of Cyclicargolithus floridanus occurs at depth 1775 m, within
the topmost part of Rudeis Formation and defines the top of

this zone. While, the base of the Zone NN6 occurs at depth
1800 m within the uppermost part of Rudeis Formation. It
attains a thickness of about only 25 m due to the presence of
a big hiatus between this zone and the Subzone NN10a. So
that, may be the upper part of this zone has been eroded. In the
Malha-1 Well, the top of this zone can be placed at depth
290 m and its base at depth 310 m (20 m thick), within the
Sidi Salem Formation.

The marker species Discoaster kugleri of the top of the
Zone NN6 Martini (1971) was not recorded in both the
Boughaz-1 and Malha-1 wells. The HO of this species was
considered as poor event by many authors. So, an alternative
criteria have been proposed to define the top boundary of
ZoneNN6 as the HO ofCyclicargolithus floridanuswas taken
as a secondary marker for the base of CN5b Subzone (Bukry
1973). Ellis (1981) suggested that as a substitute event of the
lowest occurrence of Discoaster bollii. Gartner and Chow
(1985) suggested that the highest occurrence of
Coronocyclus nitescens may be useful in subdividing the in-
terval above the HO of Sphenolithus heteromorphus and be-
low the LO of Catinaster coalitus. Marino and Flores (2002)
used the lowest occurrence of Calcidiscus macintyrei to
roughly approximate the top of the Discoaster exilis (NN6)
Zone. They mentioned that the HO of Calcidiscus
premacintyrei comes together with the LO of Calcidiscus
macintyrei, considering that the two bioevents are dated at
12.65 and 12.34 Ma (Shackleton et al. 1995), respectively,
suggesting the presence of a short hiatus.

In the present study, the HO of Cyclicargolithus floridanus
was used as a secondary marker to determine the top of the
Zone NN6 in both the Boughaz-1 and Malha-1 wells. The
base of theDiscoaster exilis (NN6 Zone) in our study has been
defined by the HO of Sphenolithus heteromorphus in the both
two wells Boughaz-1 and Malha-1.

A short-spaced extinction between Sphenolithus
heteromorphus and Cyclicargolithus floridanus is recorded
in the Equatorial Pacific and Equatorial Atlantic Oceans
(Olafsson 1989). Parker et al. (1985) observed in the mid-
latitude of North Atlantic Ocean (DSDP Site 563) that the
highest occurrence of Cyclicargolithus floridanus occurs well
below the lowest occurrence of Discoaster kugleri. The
highest common occurrence of Calcidiscus premacintyrei
and lowest occurrence of the large form C. macintyrei have
been observed in the Mediterranean sections by Fornaciari et
al. (1996) and oceanic areas Raffi et al. (1995) which occur
within NN6 Zone and correlate with MNN6-MNN7 pars of
Fornaciari et al. (1996). Also, many other authors used the
highest occurrence of Cyclicargolithus floridanus to define
the top of the Zone NN6 (Faris et al. 2007, 2009; Abu
Shama 2007).

Okada and Bukry (1980) used this species (Cy. floridanus)
as a marker for the top of the CN5a Subzone. There are some
nannofossil specialists in marking the top of the NN6 Zone by

�Plate 1 a, b Helicosphaera ampliaperta Bramlette and Wilcoxon
(1967). a San El-Hagar-1 Well, Sample depth 2638 m, Qawasim
Formation, Helicosphaera ampliaperta Zone (NN4). b Boughaz-1
Well, Sample depth 2090 m, Rudeis Formation, Helicosphaera
ampliaperta Zone (NN4). c Helicosphaera kamptneri/Helicosphaera
carteri (Wallich, 1877) Kamptner, 1954, Boughaz-1 Well, Sample depth
1375 m, Sidi Salem Formation, Discoaster quinqueramus Zone (NN11).
d Helicosphaera euphratis, Haq (1966), Boughaz-1 Well, Sample depth
2930 m, Qantara Formation, Sphenolithus distentus Zone (NP24). e, f
Helicosphaera carteri/Helicosphaera kamptneri, Hay and Mohler in
Hay et al. (1967), Boughaz-1 Well, Sample depth 1375 m, Sidi Salem
Formation, Discoaster quinqueramus Zone (NN11). g Helicosphaera
sellii, (Bukry and Bramlette, 1969) Jafar and Martini, 1975, Boughaz-1
Well, Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). h Helicosphaera scissura, Miller (1981),
San El-Hagar-1 Well, Sample depth 2800 m, Qawasim Formation,
Helicosphaera ampliaperta Zone (NN4). i, j Pontosphaera anisotrema,
(Kamptner, 1956) Backman, 1980. i El-Temsah-2 Well, Sample depth
3394 m, Qawasim Formation, Discoaster kugleri Zone (NN7). j
Boughaz-1 Well, Sample depth 1450 m, Sidi Salem Formation,
Discoaster quinqueramus Zone (NN11). k, l Pontosphaera multipora,
(Kamptner, 1948) Roth, 1970, k Boughaz-1 Well, Sample depth
1530 m, Sidi Salem Formation, Discoaster quinqueramus Zone
(NN11). l Boughaz-1 Well, Sample depth 1685 m, Sidi Salem
Formation, Discoaster calcaris Zone (NN10). m Pontosphaera
pectinata, (Bramlette and Sullivan) Sherwood, 1974, Boughaz-1 Well,
Sample depth 1610 m, Sidi Salem Formation, Discoaster calcaris Zone
(NN10). n, o Pontosphaera plana, (Bramlette and Sullivan, 1961) Haq,
1971, Boughaz-1 Well, Sample depth 2180 m, Rudeis Formation,
Helicosphaera ampliaperta Zone (NN4). p Pontosphaera versa,
(Bramlette & Sullivan, 1961) Sherwood (1974), Boughaz-1 Well,
Sample depth 2180 m, Rudeis Formation, Helicosphaera ampliaperta
Zone (NN4). q Scyphosphaera cylindrica, Kamptner (1955), Boughaz-
1Well, Sample depth 1610 m, Sidi Salem Formation,Discoaster calcaris
Zone (NN10). r Scyphosphaera tercisensis, Lezaud (1968), Boughaz-1
Well, Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). s Scyphosphaera parglobulata, Bukry &
Percival (1971), Boughaz-1 Well, Sample depth 1610 m, Sidi Salem
Formation, Discoaster calcaris Zone (NN10). t Scyphosphaera procera,
Kamptner (1955), Boughaz-1 Well, Sample depth 1800 m, Rudeis
Formation, Sphenolithus heteromorphus Zone (NN5)
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Cy. floridanus (e.g. Varol 1983; Huang and Huang 1984;
Huang 1997; Tanaka and Takahashi 1998; Odin et al. 2001;
McGonigal and Wei 2003; Pospichal 2003).

The characteristic nannofossils of this zone include
Reticulofenestra pseudoumbilicus, R. minutula, Coccolithus
miopelagicus, Cyclicargolithus floridanus, Helicosphaera
carteri/H. kamptneri, Pontosphaera anisotrema, P. multipora,
Sphenolithus moriformis and Sphenolithus abies. The highest
occurrence of Calcidiscus premacintyrei and the lowest rare oc-
currence of Calcidiscus macintyrei occur within the NN6 Zone.

Sphenolithus heteromorphus zone (NN5)

Sphenolithus heteromorphus Zone (NN5) is defined by the
interval from the HO of Helicosphaera ampliaperta to the
HO of Sphenolithus heteromorphus.

This zone was recorded in four wells in the present study
(Boughaz-1, El-Temsah-2, San El-Hagar-1, Malha-1). In the
Boughaz-1 Well, this zone reaches a thickness of about 250 m
from depth 1800 m (top) to 2050 m (base) within the upper part
of Rudeis Formation. The base of this zone was also well recog-
nized in both the El-Temsah-2 and San El-Hagar-1 wells at
depths 3876 and 2560 m, respectively. In the El-Temsah-2
Well, the top of this zone cannot be defined due to the presence

of unconformity surface represented by the absence of NN6
Zone. In this well, the Zone NN5 lies within the lowermost part
of Qawasim Formation and within the upper part of Sidi Salem
Formation. Whereas in the San El-Hagar Well, the top of the
Zone NN5 can be placed roughly below the present barren zone
at the HO of Sphenolithus heteromorphus at depth 2425 mwith-
in theQawasim Formation. This zone attains a thickness of about
135 m below the barren horizon. In the Malha-1 Well, the
S. heteromorphus Zone (NN5) attains a thickness of about
30 m. Its top was recorded at depth 310 m and its base at depth
340 m within the upper part of Sidi Salem Formation.

In this study, the HO ofHelicosphaera ampliaperta and HO
of Sphenolithus heteromorphus have been used to define the
base and the top of the ZoneNN5, respectively, in the Boughaz-
1 Well. The marker species Helicosphaera ampliaperta has
been used to determine the base of this zone in the El-
Temsah-2 and the San El-Hagar-1 wells. In the El-Temsah-2
Well, the Zone NN5 underlies unconformably the Zone NN7,
so that the top of (NN5) Zone in this Well cannot be recorded.
While in the San El-Hagar-1 Well, the top of this zone can be
placed below the present barren horizon at the HOof themarker
species Sphenolithus heteromorphus. Whereas in the Malha-1
Well, the top of the (NN5) Zone can be placed by the HO of
Sphenolithus heteromorphus and Helicosphaera ampliaperta
cannot be identified and the Zone NN5 unconformably overlies
the Latest Oligocene NP25 Zone. Consequently, the base of
NN5 can be roughly drawn by the HO of Helicosphaera recta.

The top of the Zone NN5 is defined by the highest occurrence
of Sphenolithus heteromorphus; it is the most easily determined
bioevent in the Mediterranean areas (e.g. Fornaciari et al. 1996;
Huang 1997; Tanaka and Takahashi 1998; Odin et al. 2001;
McGonigal and Wei 2003; Pospichal; 2003) and in the Gulf of
Suez and the Nile Delta area (e.g. Arafa 1982; Evans 1988;
Marzouk 1998; Sadek 2001; Mandur 2003; Abu Shama 2007;
Faris et al. 2007, 2009; Soliman et al. 2012).

Bukry (1973) mentioned that the lowest occurrence of
Sphenolithus abies occurs within the Sphenolithus
heteromorphus Zone (NN5), while some authors only report-
ed the first occurrence of S. abies from the LateMiocene. This
may be due to different species concepts and/or regional var-
iations of distribution of this species (Perch-Nielsen 1985).

The nannofossil assemblage recorded in this interval in-
cludes Helicosphaera carteri/H. kamptneri, Reticulofenestra
pseudoumbilicus,Coccolithus miopelagicus,Cyclicargolithus
floridanus, Discoaster druggii, Sphenolithus moriformis,
Micrantholithus vesper and Braarudosphaera bigelowii, in
addition to the marker species Sphenolithus heteromorphus.

Helicosphaera ampliaperta zone (NN4)

This zone is defined as the interval from the HO of
Sphenolithus belemnos to the HO of Helicosphaera
ampliaperta.

�Plate 2 a Cyclicargolithus abisectus, (Müller, 1970) Wise (1973),
Boughaz-1 Well, Sample depth 1825 m, Rudeis Formation,
Sphenolithus heteromorphus Zone (NN5). b, c Cyclicargolithus
floridanus, (Roth & Hay in Hay et al. 1967) Bukry (1971a), San El-
Hagar-1 Well, Sample depth 2494 m, Qawasim Formation,
Sphenolithus heteromorphus Zone (NN5). d Reticulofenestra bisecta,
(Hay et al. 1966) Bukry and Percival, 1971, Boughaz-1 Well, Sample
depth 2930 m, Qantara Formation, Sphenolithus distentus Zone (NP24).
e, f Reticulofenestra lockeri, Müller (1970), Boughaz-1 Well, Sample
depth 2930 m, Qantara Formation, Sphenolithus distentus Zone (NP24).
g, h Reticulofenestra minuta, Roth (1970), Boughaz-1 Well, Sample
depth 1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus
Zone (NN12). i–k Reticulofenestra pseudoumbilicus, (Gartner, 1967)
Gartner, 1969, i, j Boughaz-1 Well, Sample depth 1316 m, Sidi Salem
Formation, Amaurolithus tricorniculatusZone (NN12). k San El-Hagar-1
Well, Sample depth 2425 m, Qawasim Formation, Sphenolithus
heteromorphus Zone (NN5). l, m Coccolithus miopelagicus, (Bukry,
1971) Wise, 1973, Boughaz-1 Well, Sample depth 2180 m, Rudeis
Formation, Helicosphaera ampliaperta Zone (NN4). n, o Coccolithus
pelagicus, (Wallich, 1877) Schiller, 1930. n Boughaz-1 Well, Sample
depth 1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus
Zone (NN12). o San El-Hagar-1 Well, Sample depth 2425 m, Qawasim
Formation, Sphenolithus heteromorphus Zone (NN5). p Coronocyclus
nitescens, (Kamptner, 1963) Bramlette and Wilcoxon, 1967, San El-
Hagar-1 Well, Sample depth 2560 m, Qawasim Formation,
Helicosphaera ampliaperta Zone (NN4). q, r Calcidiscus leptoporus,
(Murray and Blackman, 1895) Loeblich and Tappan, 1978, Boughaz-1
Well, Sample depth 1450 m, Sidi Salem Formation, Discoaster
quinqueramus Zone (NN11). s, t Calcidiscus macintyrei, (Bukry and
Bramlette, 1966) Loeblich and Tappan, 1978, Boughaz-1 Well, Sample
depth 1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus Zone
(NN12)
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In the present study, the Helicosphaera ampliaperta Zone
(NN4) was recorded in the three wells of the Nile Delta
(Boughaz-1, El-Temsah-2 and San El-Hagar-1 Wells). In the
Boughaz-1 Well, this zone attains a thickness of about 355 m
from depth 2050 m (top) to 2405 m (base) within the lower
part and the uppermost part of Rudeis and Qantara formations,
respectively. In the El-Temsah-2 Well, the Zone NN4 attains
276 m thick from depth 3876 m (top) to depth 4152 m (base)
within the lower part and the uppermost part of Sidi Salem and
Qantara formations, respectively. In the San El-Hagar-1 Well,
this zone has a thickness of about 506 m from depth 2560 m
(top) to depth 3306 m (base) including the lower part of
Qawasim Formation, Kareem Formation and the most of
Rudeis Formation.

In some areas of South Atlantic and the Pacific,
Helicosphaera ampliaperta is very rare or absent and thus
NN4 and NN5 cannot be distinguished (Martini 1976). In
some instance, the lowest occurrence of Discoaster exilis
can be used to approximate the NN4/NN5 boundary
(Martini and Worsley 1971; Müller 1974). Ellis (1981)
considered this event as difficult to affirm because

overgrowth on discoasterids makes the distinction between
Discoaster exilis and D. variabilis difficult. Bukry (1973)
proposed that the end of Discoaster deflandrei acme, as an
alternative event, can be taken to define the NN4/NN5
boundary. Parker et al. (1985) noted that the use of D.
deflandrei acme to define a zonal boundary (NN4/NN5)
is not generally desirable, because such an event may vary
from place to place for a variety of reasons.

Jiang and Gartner (1984) in the Walvis Ridge and Parker et
al. (1985) in the mid-latitude North Atlantic used the lowest
occurrence of long-armed discoasterids (Discoaster variabilis
group) to distinguish zones CN3 and CN4. Soliman et al.
(2012) considered that the LO of Sphenolithus heteromorphus
is close to the HO of Sphenolithus belemnos ad can be used as
an additional marker for the base of the Zone NN4 as the same
case in Hewaidy et al. (2014). The top of NN4 Zone was
defined by the highest occurrence of Helicosphaera
ampliaperta at many places by different authors as the western
equatorial Indian Ocean and equatorial Atlantic Ocean
Fornaciari et al. (1990), Pearl River Mouth Basin, south
China Sea Huang (1997), Ras Budran area, Gulf of Suez,
Egypt Marzouk (1998), Northwestern Sinai, Egypt Abu
Shama (2007), Northeast Nile Delta, Egypt Faris et al.
(2007), and Gulf of Suez area, Egypt Faris et al. (2009),
Boukhary et al. (2012) and in other Mediterranean zonation
(Slezak et al. 1995; Fornaciari and Rio 1996).

In the present study, the Helicosphaera ampliaperta Zone
(NN4) has been defined as the original definition of the same
zone by (Martini 1971) in all three wells of the Nile Delta.
This zone is easy to recognize since the interval is bounded by
the HO of Helicosphaera ampliaperta (top) and the HO of
Sphenolithus belemnos (base).

This zone includes Helicosphaera carteri/H. kamptneri,
H. ampliaperta, Reticulofenestra pseudoumbilicus,
Coccolithus pelagicus, Cyclicargolithus floridanus,
Discoaster druggii, Discoaster variabilis, Sphenolithus
moriformis, Micrantholithus vesper and Braarudosphaera
bigelowii. This zone is characterized by the co-occurrence
of Sphenolithus heteromorphus and Helicosphaera
ampliaperta.

Sphenolithus belemnos zone (NN3)

Sphenolithus belemnos Zone (NN3) is defined as the interval
from the HO of Triquetrorhabdulus carinatus to the HO of
Sphenolithus belemnos.

This zone was recorded in three studied wells. In the
Boughaz-1 Well, this zone attains a thickness of about
210 m, in the upper part of Qantara Formation. The highest
occurrence of Sphenolithus belemnos occurs at depth 2405 m
and defines the top of this zone. The lowest occurrence of S.
belemnos occurs at depth 2615 m and defines the base of this
zone. In the El-Temsah-2 Well, this zone was represented by

�Plate 3 a Calcidiscus premacintyrei, Theodoridis (1984), Boughaz-1
Well, Sample depth 1775 m, Rudeis Formation, Discoaster exilis Zone
(NN6). b Calcidiscus tropicus, (Kamptner, 1954) Varol, 1989, Boughaz-
1 Well, Sample depth 1450 m, Sidi Salem Formation, Discoaster
quinqueramus Zone (NN11). c, d Braarodosphaera bigelowii, (Gran
and Braarud, 1935) Deflandre, 1947. c Boughaz-1 Well, Sample depth
1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus Zone
(NN12). d Boughaz-1 Well, Sample depth 1375 m, Sidi Salem
Format ion, Discoaster quinqueramus Zone (NN11). e , f
Micrantholithus vesper, Deflandre (1950), Boughaz-1 Well, Sample
depth 2180 m, Rudeis Formation, Helicosphaera ampliaperta Zone
(NN4). g Discoaster asymmetricus, Gartner (1969), Boughaz-1 Well,
Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). h Discoaster berggrenii, Bukry (1971),
Boughaz-1 Well, Sample depth 1530 m, Sidi Salem Formation,
Discoaster quinqueramus Zone (NN11). i Discoaster brouweri, (Tan,
1927) Bramlette and Riedel, 1954, Boughaz-1 Well, Sample depth
1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus Zone
(NN12). j, k Discoaster challengeri, Bramlette and Riedel (1954),
Boughaz-1 Well, Sample depth 1316 m, Sidi Salem Formation,
Amaurolithus tricorniculatus Zone (NN12). l Discoaster deflandrei,
Bramlette and Riedel (1954), Boughaz-1 Well, Sample depth 2180 m,
Rudeis Formation, Helicosphaera ampliaperta Zone (NN4). m
Discoaster druggii, Bramlette and Wilcoxon (1967), Boughaz-1 Well,
Sample depth 2615 m, Qantara Formation, Discoaster druggii Zone
(NN2). n Discoaster quinqueramus, Gartner (1969), Boughaz-1 Well,
Sample depth 1375 m, Sidi Salem Formation, Discoaster quinqueramus
Zone (NN11). o, p Discoaster intercalaris, Bukry (197 l), Boughaz-1
Well, Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). q Discoaster exilis, Martini and Bramlette
(1963), Boughaz-1 Well, Sample depth 2180 m, Rudeis Formation,
Helicosphaera ampliaperta Zone (NN4). r, s Discoaster pentaradiatus,
(Tan, 1927) Bramlette and Riedel, 1954, Boughaz-1 Well, Sample depth
1316 m, Sidi Salem Formation, Amaurolithus tricorniculatus Zone
(NN12). t Discoaster surculus, Martini and Bramlette (1963), Boughaz-
1 Well, Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12)

Arab J Geosci  (2016) 9:480 Page 19 of 27  480 



 480 Page 20 of 27 Arab J Geosci  (2016) 9:480 



depth intervals 4152 m (top) and 4273 m (base) and attains
about 121 m thick, within the upper part of Qantara
Formation. In the San El-Hagar-1 Well, the Zone NN3 repre-
sents the last defined zone from the study interval. Only the
top of this zone can be determined at depth 3066 m and oc-
cupies the lowermost part of Rudeis Formation in addition to
the studied part of Qantara Formation.

In the present study, the top of Sphenolithus belemnosZone
(NN3) was drawn at the highest occurrence of the
Sphenolithus belemnos species in all three wells (Boughaz-1,
El-Temsah-2 and San El-Hagar-1). This fits the original defi-
nition of the same zone by Martini (1971). While the lowest
occurrence of Sphenolithus heteromorphus was used by
Bukry (1973) to define the top of CN3 zone (CN2/CN3
boundary). S. heteromorphus is abundantly present in the
Mediterranean Miocene record, and both the lowest occur-
rence and highest occurrence are biostratigraphically useful
(Müller 1978; Theodoridis 1984). The two species
S. heteromorphus and S. belemnos have been reported as co-
occurring by some authors (e.g. Bukry 1973 at DSDP Site 140
in the Atlantic Ocean and Takayama and Sato, 1985 at DSDP
Site 610 in the North Atlantic Ocean), while Rio et al. (1990)
and Fornaciari et al. (1990, 1993) have shown that the ranges
of the two species can hardly be considered to overlap.
Olafsson (1991) demonstrated that the intervals of high abun-
dance of the two species do not overlap, but they are present in
very low abundances between the highest common
Sphenol i thus belemnos and the lowest common
S. heteromorphus. Marzouk (1998) used the lowest occur-
rence of S. heteromorphus to define the top of NN3 zone in
the Ras Budran area, Gulf of Suez.

In this study, the lowest occurrence of S. belemnos was
used as a secondary marker to define the base of the Zone
NN3 in both the Boughaz-1 and El-Temsah-2 wells due to
the absence of the marker species Triquetrorhabdulus
carinatus in both wells as suggested by Abu Shama (2007),
Faris et al. (2007, 2009) and Soliman et al. (2012). This zone
in El-Temsah-2Well was underlain by a barren horizon.While
in the San El-Hagar-1 Well, the base of this zone cannot be
defined. The HO of S. belemnos which was used in the
Martini (1971) zonal scheme to mark the top of the Zone
NN3 is used following several authors (e.g. Fornaciari et al.
1997; McGonigal andWei 2003). This bioevent occurs slight-
ly below the first occurrence of Sphenolithus heteromorphus.

Species recovered in this zone include Cyclicargolithus
floridanus, Discoaster druggii, Helicosphaera kamptneri,
Coccol i thus pelagicus , Micranthol i thus vesper ,
Braa rudo sphae ra b i g e l ow i i , Re t i c u l o f en e s t r a
pseudoumbilicus, Sphenolithus heteromorphus and S. abies,
in addition to the marker species S. belemnos.

Discoaster druggii zone (NN2)

Discoaster druggii Zone (NN2) is defined by the interval from
the LO ofDiscoaster druggii to the HO of Triquetrorhabdulus
carinatus.

The top of this zone has been recorded in the Boughaz-1
Well at depth 2615 m and its base at depth 2715 m (100 m
thick) within the middle part of Qantara Formation. The Zone
NN2 in this well unconformably overlies the Latest Oligocene
Zone (NP25).

The LO of Discoaster druggii is a marker species to
define the base of D. druggii Zone (NN2) according to
Martini (1971). This bioevent was recognized in the
Boughaz-1 Well which defines the base of this zone,
whereas its top can be defined by the LO of Sphenolithus
belemnos due to the absence of the marker species
Triquetrorhabdulus carinatus, and this zone (NN2) lies
unconformably above the Latest Oligocene Zone NP25.
The highest occurrence of Triquetrorhabdulus carinatus
is used to define the top of the Zone NN2 (NN2/NN3
boundary). However, the range of the T. carinatus appears
to be paleogeographically controlled. Several workers have
proposed the lowest occurrence of Sphenolithus belemnos
as an alternative marker bioevent for the NN2/NN3 bound-
ary (e.g. Parker et al. 1985; Olafsson 1989, 1991;
Fornaciari et al. 1993; Fornaciari and Rio 1996; Marzouk
1998; McGonigal and Wei 2003; Abu Shama 2007; Faris
et al. 2007, 2009; Soliman et al. 2012).

Many authors have noted that it may be difficult to recog-
nize Discoaster druggii in overgrown material as Olafsson
(1989). Müller (1977) stated that this species is rare in
Indian Ocean. Rio et al. (1990) recorded that the D. druggii
is sporadically occurred. Olafsson (1989) used the lowest

�Plate 4 a, b Discoaster surculus, Martini and Bramlette (1963),
Boughaz-1 Well, Sample depth 1375 m, Sidi Salem Formation,
Discoaster quinqueramus Zone (NN11). c Discoaster variabilis,
Martini and Bramlette (1963), Boughaz-1 Well, Sample depth 1316 m,
Sidi Salem Formation, Amaurolithus tricorniculatus Zone (NN12). d–f
Sphenolithus abies, Deflandre in Deflandre and Fert (1954), Boughaz-1
Well, Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). g–i Sphenolithus heterormorphus,
Deflandre (1953), San El-Hagar-1 Well, Sample depth 2425 m,
Qawasim Formation, Sphenolithus heteromorphus Zone (NN5). j–l
Sphenolithus moriformis, (Brönnimann and Stradner, 1960) Bramlette
and Wilcoxon, 1967, San El-Hagar-1 Well, Sample depth 2494 m,
Qawasim Formation, Sphenolithus heteromorphus Zone (NN5). m, n
Sphenolithus neoabies, Bukry & Bramlette (1969a), Boughaz-1 Well,
Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). o, p Amaurolithus delicatus, Gartner and
Bukry (1975), Boughaz-1 Well, Sample depth 1316 m, Sidi Salem
Formation, Amaurolithus tricorniculatus Zone (NN12). q, r
Ceratolithus rugosus, Bukry and Bramlette (1968), Boughaz-1 Well,
Sample depth 1316 m, Sidi Salem Formation, Amaurolithus
tricorniculatus Zone (NN12). s, t Zygrhablithus bijugatus, (Deflandre
in Deflandre and Fert, 1954) Deflandre (1959), Boughaz-1 Well,
Sample depth 2930 m, Qantara Formation, Sphenolithus distentus Zone
(NP24)
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occurrence of Triquetrorhabdulus serratus in Site 667 in the
eastern Equatorial Atlantic as an alternative event to define the
base of NN2 Zone. In high latitudes,D. druggii, Sphenolithus
belemnos and Triquetrorhabdulus carinatus are rare or absent
and there are no convenient substitutes to subdivide the NN1
to NN3 interval (Perch-Nielsen 1985).

Moreover, the zonal assignment of the Zone NN2 is based
on the lowest occurrence of Helicosphaera ampliaperta,
H. mediterranea, H. carteri and Helicosphaera kamptneri
(Martini 1971; Perch-Nielsen 1985; Martini and Müller
1986; Marzouk 1998; Faris et al. 2007, 2009). On the other
hand, the lowest occurrence of Calcidiscus tropicus <6 μm
was listed by de Kaenel and Villa (1996) as occurring just
above the Zone NN1/NN2 boundary. McGonigal and Wei
(2003) used the lowest occurrence of C. tropicus to estimate
the base of Zone NN2 (CN1b Subzone) in the ODP Leg 189.

This interval contains abundant of Cyclicargolithus
floridanus and includes Coccolithus miopelagicus,
Coccolithus pelagicus, Helicosphaera kamptneri and
Pontosphaera multipora, in addition to the marker species
D. druggii.

Sphenolithus ciperoensis zone (NP25)

Sphenolithus ciperoensis Zone (NP25) is defined as the inter-
val from the HO of Sphenolithus distentus to the HO of
Helicosphaera recta and/or the HO of Sphenolithus
ciperoensis.

This zone has been recorded in three wells. In the Boughaz-
1 Well, the Sphenolithus ciperoensis Zone (NP25) attains a
thickness of about 215 m from depth 2715 m (top) to depth
2930 m (base) within the lower part of Qantara Formation.
Whereas in the El-Temsah-2 Well, this zone is considered the
last defined biozones and bounded from above and below by
barren horizons. It has about 233 m thick from depth 4455 m
(top) to depth 4688 m (base) within the lower part of Qantara
Formation. Also, the Zone NP25 was the last defined one in
the Malha-1 Well. Its top lies at depth 340 m and the base at
390 m within the lower part of Qantara Formation with thick-
ness of about 50 m. The Sphenolithus ciperoensis Zone
(NP25) in the Malha-1 Well unconformably overlies the
Late Cretaceous taxa.

While Helicosphaera recta and Sphenolithus ciperoensis
are useful as markers in many sections in low latitudes, the
HO of the equally disappearing Dictyococcites bisectus and
Zygrhablithus bijugatus are the events used for an approxima-
tion of the NP25/NN1 boundary in higher latitudes (Perch-
Nielsen 1985). Accordingly, the HO of Reticulofenestra
bisecta was used to determine the top of Latest Oligocene
Zone NP25 in the all three wells (Boughaz-1, El-Temsah-2
and Malha-1). In the Boughaz-1 Well, the base of this zone
has been defined by the HO of Sphenolithus predistentus. The
NN1 Zone was not recorded in the studied wells and

representing a major hiatus at the Oligocene/Miocene
boundary.

Okada and Bukry (1980) used the end acme ofC. abisectus
to define the CN1a/CN1b (mid of Zone NN1).

This interval includes Coccol i thus pelagicus ,
Helicosphaera kamptneri, H. euphratis, Pontosphaera
multipora, Cyclicargolithus floridanus and Sphenolithus
ciperoensis Cyclicargolithus abisectus.

Sphenolithus distentus zone (NP24)

This zone is defined as the interval from the LO of
Sphenolithus ciperoensis to HO of S. distentus.

This zone was recorded only in the Boughaz-1 Well, and it
was the last recorded biozones in the present study. The top of
this zone (NP24) was defined in Boughaz-1 Well at depth
2930 m within the lowermost part of Qantara Formation.
The base cannot be defined because this zone lies unconform-
ably above the Latest Cretaceous interval.

The LO of Pontosphaera enormis has been shown to be a
useful event for the subdivision of the upper Oligocene and is
an approximation of the NP24/NP25 boundary (Martini
1981a). Sphenolithus predistentus usually disappears before
the HO of S. distentus and Helicosphaera recta (Perch-
Nielsen 1985). This bioevent was used in Boughaz-1 Well to
define the top of Zone NP24.

This zone (NP24) includes the following association:
Coccolithus pelagicus, Cyclicargolithus abisectus ,
Cyclicargolithus floridanus, Helicosphaera kamptneri,
H. euphratis Haq, H. recta, Pontosphaera multipora,
Reticulofenestra lockeri, Sphenolithus ciperoensis,
S. dissimilis, S. predistentus and Zygrhablithus bijugatus
(Table 1).

Stages boundaries

Middle/Late Miocene boundary (Serravallian/Tortonian
boundary)

The Middle/Late Miocene boundary is generally defined at the
base of Tortonian stage (Berggren et al. 1985). The
Serravallian/Tortonian boundary stratotype in Sample 4 in
Rio Mazzapiedi Section (north Italy) was assigned by Martini
(1971, 1975) to the calcareous nannoplankton Discoaster
hamatus Zone (NN9) based on the highest occurrence of
D. hamatus taxa. This is the same level as the lowest occurrence
of planktonic foraminifera Neogloboquadrina acostaensis
(Cita et al. 1965). According to magnetochronologic consider-
ations and on the fact that the lowest occurrence of
N. acostaensis occurs in the DSDP Site 563 within Zone
(NN8), so, Berggren et al. (1985) placed the Serravallian/
Tortonian boundary within the calcareous nannoplankton
Catinaster coalitus Zone (NN8). El Heiny and Morsi (1992)
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in the eastern Nile Delta area placed the Middle/Late Miocene
boundary at the base of D. hamatus Zone (NN9). The Middle/
Late Miocene boundary lies within D. hamatus Zone (CN7)
(Xu and Wise 1997).

Faris et al. (2007) detected this boundary in the offshore
area (Ras El Barr-1 and Bougaz E-1 wells), Nile Delta area,
where continuous sedimentation straddled the Middle/Late
Miocene boundary. They recorded an important earliest Late
Miocene hiatus in the Bougaz E-1 Well, where earliest Late
Miocene nannofossil Discoaster hamatus Zone (NN9) was not
detected, and this boundary is recognized at the lowest occur-
rence of planktonic foraminiferal Neogloboquadrina
acostaensis. On the other hand, the Middle/Late Miocene
boundary is placed at the base of D. hamatus Zone (NN9) in
Ras El Barr-1 Well.

Hilgen et al. (2005) in the Global boundary Stratotype
Section and Point (GSSP) at Monte Dei Corvi placed the
Serravallian/Tortonian boundary at the base of D. hamatus
Zone (NN9).

In the present study (Boughaz-1 Well), the Late Miocene
unconformably overlies the Middle Miocene. This unconfor-
mity surface is recognized by the missing of calcareous
nannofossil zones NN7-NN9.

Early/Middle Miocene boundary (Burdigalian/Langhian
boundary)

The Early/Middle Miocene boundary is equivalent to the base
of the Langhian stage (Berggren et al. 1985). The base of the
Langhian is linked biostratigraphically to the first occurrence
of the planktonic foraminiferal Praeorbulina spp. taxa

Berggren et al. (1985) which occurs in the stratotype section
and worldwide above the lowest occurrence of nannofossil
Sphenolithus heteromorphus and just below the highest occur-
rence of theHelicosphaera ampliaperta taxa, as well as within
the upper part of nannofossil Helicosphaera ampliaperta
Zone (NN4) of Martini (1971).

In terms of calcareous nannoplankton, the Early/Middle
Miocene boundary was placed by many authors at the base
of the Sphenolithus heteromorphus Zone (NN5) (e.g. Martini
1971; Bukry 1973; Perch-Nielsen 1972; Miller 1981). On the
other hand, this boundary can only be approximated roughly
with the highest common occurrence of Helicosphaera
ampliaperta in the Mediterranean region or the acme end of
Discoaster deflandrei in low-latitude oceanic sediments (Rio
et al. 1990; Fornaciari and Rio 1996). In the Gulf of Suez area,
this boundary lies at the level of the highest occurrence of
Helicosphaera ampliaperta, top of the Rudeis Formation
(Marzouk 1998; Sadek 2001), where in Soliman et al.
(2012), this boundary passed within the NN4 Zone.

By planktic foraminifera, the Early/Middle Miocene
boundary in the Nile Delta wells (Bougaz E-1, Rommana-
1X) was placed at the base of Globorotalia fohsi
peripheroronda Zone (Faris et al. 2007). On terms of calcar-
eous nannofossils, the Early/Middle Miocene boundary falls
withinHelicosphaera ampliaperta Zone (NN4) and at the top
of Helicosphaera ampliaperta Zone (NN4) in Bougaz E-1 and
Rommana-1 X, respectively.

Faris et al. (2009) recognized the Early/Middle Miocene
boundary in the Gulf of Suez area (Wadi Gharandal surface
section), at the base of Orbulina universa Zone which falls
within theHelicosphaera ampliaperta Zone (NN4), and in the

Table 1 Standard calcareous nannofossil biostratigraphy and the present study bioevents

Stage Martini
(1971)

Boundary
events

Boundary
events

Boundary
events

Boundary
events

H. ampliaperta

S. belemnos

D. quinqueramus

NN5b

NN5a

H. walberdorfenensis
D. waltrans

H. perch-nielseniae

NN4

NN4c

A. primus

Diotyococcites bisectus  (CP19 b)

Sphenolithus belemnos  (CN2)

T. carinatus
(CN1)

S. belemnos
S. belemnos

D. druggii (CN1c)

D. deflandrei (CN1b) 

C. abisectus (CN1a)

D. druggii

C. abisectus

D. kugleri

Sphenolithus heteromorphus  (CN4)

C. calyculus

NN11

Bassiuni et al.,
(2014)

Not studied

D. hamatus
(CN7)

C. calyculus (CN7b)

H. carteri (CN7a)

S. heteromorphus

H. ampliaperta

Barren

NN6
Cy. floridanus

NN5

NN5c

Okada and Bukry
(1980)

A. tricorniculatus 
(CN10)

C. acutus (CN10b)

T. rugosus (CN10a)

Helicosphaera ampliaperta  (CN3)

S. heteromorphus

C. rugosus

D. berggrenii

C. miopelagicus
(CN5a)

C. coalitus (CN6)

D. exilis
(CN5)

S. heteromorphus

C. acutus

D. quinqueramus

A. primus

D. neohamatus
(CN8)

D. neorectus (CN8b)

D. bellus (CN8b)

D. neorectus

D. hamatus

D. quinqueramus
(CN9)

A. primus (CN9b)

D. berggrenii (CN9a)

Discoaster
calcaris
(NN10)

Discoaster
hamatus  (NN9)

D. hamatus

Sphenolithus
ciparonsis  (NP25)

H. recta

D. hamatus

Age

Early
Pliocene

Tortonian

L
at

e

D. hamatus

Zanclean
C. rugosus

Amaurolithus
tricorniculatus

(NN12)

b

a
D. quinqueramus

Discoaster
quinqueramus

(NN11)

Messinian

H. ampliaperta

S. ciperoensis

C. coalius

D. kugleri (CN5b)
D. kugleri

Triquetrorhabdulus
carinatus  (NN1)

Aquitanian

Burdigalian

late
Olig

oc
en

e
Chattian

Discoaster
kugleri (NN7) D. kugleri

Discoaster
exilis (NN6) S. heteromorphus

Langhian

M
id

dl
e

Helicosphaera
ampliaperta  (NN4)

S. belemnos
Sphenolithus

belemnos  (NN3)

T. carinatus

Catinaster
coalitus (NN8) C. coalius

Discoaster
druggii  (NN2) D. druggii

Present study

Big hiatus

NN4b

NN4a

H. euphratus

H. mediteriana

NN3b
NN3

NN3a

S. belemnos
S. belemnos
S. disbelemnos

T. carinatus

NN2

Unconformity surface

E
ar

ly

M
io

ce
ne

Serravallian

Sphenolithus
heteronorphus  (NN5)

H. ampliaperta

D. quinqueramus, D. berggrenii, D. Surculus

D. quinqueramus
NN12

C. rugosus

Not studied

NP25
D. bisectus

Big hiatus

D. druggii

NN6
S. heteromorphus

NN2

NN3

S. belemnos

Cy. floridanus

NN8

NN7
C. miopelagicus

Unconformity surface

Hiatus

Unconformity surface

NN10
NN10b

NN10a
D. bollii

NN4

NN5

Diotyococcites bisectus  (CP19 b)
Sphenolithus

ciparonsis  (NP25)

H. recta S. ciperoensis

Late
Olig

oc
en

e
Chattian

Eoc
en

e
Middle Lutitian NP16

Big hiatus

Not studied

NP24

NP25
S. predistentus

D. bisectus

Highest occurrence

Lowest occurrence

Unconformity surface

Eoc
en

e
Middle Lutitian NP16 Not studied
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offshore Darag-1 Well, the boundary can be approximated at
the top of Helicosphaera ampliaperta Zone (NN4).

In the present study, the Early/Middle Miocene boundary
was recognized in all three wells of the Nile Delta (Boughaz-
1, El-Temsah-2 and San El-Hagar-1) and was drawn at the
base of the Sphenolithus heteromorphus Zone (NN5). The
Early/Middle Miocene boundary lies within the Rudeis, Sidi
Salem and Qawasim formations in the Boughaz-1 Well, El-
Temsah-2 Well and San El-Hagar-1Well, respectively. On the
other hand, at North Sinai (Malha-1 Well), the Early/Middle
Miocene boundary cannot be recognized, where the Middle
Miocene unconformably overly the topmost Oligocene and it
defined by the missing of the calcareous nannofossil zones
NN1 to NN4.

Oligocene/Miocene boundary (Chattian/Aquitanian
boundary)

In the following, some important calcareous nannoplankton
bioevents can be distinguished around this boundary:

The highest occurrence of Helicosphaera recta This event
defines the NP25/NN1 boundary according to Martini (1971).
Because the taxon is rare, the event was replaced by the lowest
occurrence (LO) of Reticulofenestra bisecta (Berggren et al.
1995). In the Mediterranean region (synthesis of data by
Fornaciari and Rio (1996)), this event is not isochronous and
hence not reliable for biostratigraphic correlation.

The highest occurrence of Reticulofenestra bisecta This
event is used to approximate the NP25/NN1 boundary
(Berggren et al. 1995; Rio et al. 1990). In the Mediterranean,
this event has been recorded in the lower part of the NN1 Zone
Fornaciari and Rio (1996) and considered to be the best ap-
proximation for the Oligocene/Miocene boundary.

The highest occurrence of Reticulofenestra abisecta Okada
and Bukry (1980) used the lowest common occurrence (LCO)
of Reticulofenestra abisecta for the definition of the CN1a/
CN1b boundary (O/M) in low-latitude zonation. This event
was used also in Mediterranean stratigraphy Theodoridis
(1984) but its reliability was questioned by other authors
Martini and Müller (1986) and Fornaciari and Rio (1996).
This bioevent has been used as a biostratigraphic indicator in
the Central Paratethys: it can be correlated with the NP 25/NN
1 (O/M) boundary according to Báldi-Béke (1984) and
Bystrická (1979).

The highest occurrences of Dictyococcites bisectus and
Zygrhablithus bijugatus The HOs of Dictyococcites bisectus
and Zygrhablithus bijugatus are used as bioevents for an ap-
proximation of the NP25/NN1 (O/M) boundary in higher lat-
itudes (Perch-Nielsen 1985).

In the studied wells, the NN1 Zone was not recorded and
representing a hiatus at the Oligocene/Miocene boundary, so,
this boundary cannot accurately be detected. In the present
study, The LO of Discoaster druggii which is the marker
species to define the base of Discoaster druggii Zone (NN2)
was recognized in the Boughaz-1Well at depth 2715mwithin
the Qantara Formation and this zone lies unconformably
above the Latest Oligocene Zone NP25. On the other hand,
the HO of D. bisectus was used to determine the top of Latest
Oligocene Zone NP25 in three wells (Boughaz-1, El-Temsah-
2 and Malha-1).

Summary and conclusions

In this study, the Oligo-Miocene sequence was studied in the
five wells, three of which are located at the northeastern
reaches of the Nile Delta (Boughaz-1, El-Temsah-2 and San
El-Hagar-1). While, the last two wells are located at the north-
west Sinai region (Bardawil-1 and Malha-1). Five rock units
were defined in this succession and arranged from the top to
base as follows: (1) Qawasim Formation: conformably over-
lies the Sidi Salem Formation in the Boughaz-1 and El-
Temsah-2 wells and conformably overlies the Kareem
Formation in the San El-Hagar-1 Well. (2) Sidi Salem
Formation: unconformably overlies the Rudeis Formation in
the Boughaz-1 Well, conformably overlies the Qantara
Formation in the El-Temsah-2 Well, only part of which was
studied in The Bardawil-1 Well, and it unconformably over-
lies the Qantara Formation in the Malha-1 Well. (3) Kareem
Formation: Early Miocene in the San El-Hagar-1 Well and
conformably overlies the Rudeis Formation. (4) Rudeis
Formation: lies conformably above the Qantara Formation
and unconformably below the Sidi Salem Formation in the
Boughaz-1 Well and it lies conformably above and below
the Qantara and the Kareem formations respectively in the
San El-Hagar-1 Well. (5) Qantara Formation: Ranged in age
from the Late Oligocene-Early Miocene in this study. It un-
conformably overlies the Late Cretaceous formations in the
Boughaz-1 Well and conformably underlies the Rudeis
Formation in the Boughaz-1 and San El-Hagar-1 wells. In
the El-Temsah-2 Well, it conformably underlies the Sidi
Salem Formation, but in the Malha-1 Well, it unconformably
overlies and underlies the Late Cretaceous formations and the
Sidi Salem Formation.

Twelve calcareous nannofossil biozones of the Late
Oligocene-Late Miocene were defined and correlated with
their corresponding biozones in Egypt and other parts of the
world. These arranged from the top to base as Amaurolithus
tricorniculatus Zone (NN12),Discoaster quinqueramus Zone
(NN11), Discoaster calcaris Zone (NN10), Catinaster
coalitus Zone (NN8), Discoaster kugleri Zone (NN7),
Discoaster exilis Zone (NN6), Sphenolithus heteromorphus
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Zone (NN5), Helicosphaera ampliaperta Zone (NN4),
Sphenolithus belemnos Zone (NN3), Discoaster druggii
Zone (NN2), Sphenolithus ciperoensis Zone (NP25) and
Sphenolithus distentus Zone (NP24). According to the defined
biozones, the Middle/Late Miocene boundary cannot be de-
tected in any studied well due to the absence of theDiscoaster
hamatus Zone (NN9), while the Early/Middle Miocene
boundary can be placed at the top of the Zone (NN4). In this
study, the Miocene rocks unconformably overlie the
Oligocene sediments and this unconformity surface represent-
ed by the absence of the calcareous nannofossil Zone (NN1).
Therefore, the Oligocene/Miocene boundary can be drawn
unconformably at the top of the Zone (NP25).
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