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Integrated calcareous nannofossil and stable isotope 
stratigraphy across the Danian-Selandian boundary,  
west central Sinai, Egypt
MAHMOUD FARIS, SHERIF FAROUK, SREEPAT JAIN, FAYEZ AHMAD, GAMAL MUSA,  
MOHAMED SHAMA AND FATMA SHAKER

The stratigraphical range of bioevents across the Danian-Selandian (D/S) boundary 
are analysed using calcareous nannofossils and stable isotopes (δ13C and δ18O) from 
the Ekma section, west central Sinai (Egypt). Three calcareous nannofossil zones are 
recorded (from bottom to top): NP3, NP4, and NP5. Based on this, the Ekma section 
is the first nearly complete section from Egypt, straddling the D/S boundary. The D/S 
boundary is placed at the Lowest Occurrence (LO) of Lithoptychius ulii (base NTp8B). 
The LOs of L. varolii, L. pileatus, L. schmatzii, and Fasciculithus involutus are delayed, 
either as a result of diachronous and/or environmentally-controlled conditions. Two 
negative δ13C excursions are recorded that are associated with falling sea levels. The first 
one (CIE-DS1) is observed through the latest Danian Event (LDE) and within the cal-
careous nannofossil subzones NTp7B and NTp8A, whereas the second one (CIE-DS2) 
occurs within the NP5 Zone (at the top of the Dakhla Formation). No significant 
changes are noted in the calcareous nannofossil species distribution patterns over the 
D/S boundary. However, there is a distinct change in the trophic structure and water-
mass properties, i.e., from cool and mesotrophic (coincident with a decrease in the rel-
ative sea-level) to warm and oligotrophic conditions. There is also a gradual increase in 
both species diversity and warm and oligotrophic conditions with a corresponding drop 
in species dominance throughout the three studied intervals, pre-LDE, LDE and post-
LDE. □ Calcareous nannofossil, stable isotope, Danian, Selandian, Sinai, Egypt
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Globally and regionally, biostratigraphical data from 
across the Danian-Selandian (D/S) boundary are 
numerous across a range of localities, including: 
Egypt (e.g. Faris & Farouk 2012; Farouk& Faris, 2013; 
Kasem et al. 2017, 2022; Faris et al. 2023; Farouk et al. 
2023; Bazeen et al. 2024); Egypt and Tunisia (Sprong 
et al. 2013), Tunisia (e.g. Sprong et al. 2009; Karoui-
Yaakoub et al. 2014); Italy (e.g. Coccioni et al. 2019); 
Spain (Arenilas et al. 2008; Bernaola et al. 2009; Zumaia 
GSSP, Schmitz et al. 2011:); and, France (Steurbaut & 
Sztrákos 2008). Nevertheless, studies documenting 
palaeoenvironmental changes using calcareous nan-
nofossil assemblages across the D/S boundary are 
very rare. These include records from the Weddell 
Sea, Maud Rise, ODP Site 690 (Bralower 2002), South 

Atlantic ODP Site 1262 (Monechi et al. 2013), and 
recently two studies from Egypt: the Wadi El-Maheer 
section, North Eastern Desert (Metwally 2019) and 
Gebel Nezzazat, Central Sinai (Kasem et al. 2022). 

As such, the main aims of this study, based on 
samples from the Ekma section, west central Sinai 
(Egypt), are to: (1) document and integrate calcareous 
nannofossil biostratigraphy and bioevents around the 
D/S boundary using carbon (δ13C) and oxygen (δ18O) 
isotope data; (2) identify, discuss, and correlate the 
nature of calcareous nannofossil bioevents across the 
D/S boundary vis-à-vis their global occurrences; and 
(3) infer changes in calcareous nannofossil distribu-
tion patterns, and infer the depositional environment 
across the D/S boundary.

https://doi.org/10.18261/let.57.4.3
https://creativecommons.org/licenses/by/4.0/
mailto:fayeza@hu.edu.jo
mailto:fayeza@hu.edu.jo


Mahmoud Faris et al.�2

Material and methods
Thirty-one samples were analysed at an interval of 
20 cm from the 6 m-thick upper Dakhla Formation at 
the Ekma section, west central Sinai, Egypt (latitudes 
28° 43′ 15.3″ and longitudes 33° 15′ 4.2″) (Fig. 1A, B). 
The smear slide technique, following Perch-Nielsen 
(1985), from unprocessed sediment samples were used 
for preparing calcareous nannofossil slides. These were 
then inspected under a light photomicroscope with a 
1250 x magnification. On each slide at least 300 speci-
mens were counted to determine the abundance of cal-
careous nannofossils. The abbreviations used here are 
LO: Lowest Occurrence, LCtO: Lowest Continuous 
Occurrence, and HO: Highest Occurrence.

The calcareous nannofossils are categorized based 
on their ecological strategies (K- and R-mode), water-
mass preferences, and trophic regimes (i.e., from 
warm and oligotrophic to cool and eutrophic) (see 
Appendix). The calcareous nannofossil diversity is 
inferred using three parameters: species richness 
(i.e. the number of taxa), Shannon diversity index 
(Shannon H), and species dominance. Shannon H is 
the measure of heterogeneity; a way to measure spe-
cies diversity within a community, where higher val-
ues reflect higher diversity of species within a specific 
community. Species dominance is the percent of the 
assemblage composed of the single most abundant 
species within an assemblage (population) (Walton 
1964). The Environmental Isotope Laboratory at the 
University of Arizona conducted the bulk isotope 
analysis of carbonate carbon (δ13C) and oxygen (δ18O) 
using a gas-ratio mass spectrometer. Samples were 
calibrated using the international standard NBS-19. 
The results showed an average measurement precision 
of over 0.08 for δ13C and less than 0.10 for δ18O.

Lithostratigraphy
At the Ekma Plateau, the Paleocene succession 
includes three formations, the upper part of the 
Dakhla, entire Tarawan, and the lower part of Esna 
(see Fig. 1B). The Dakhla Formation consists of var-
iegated shales (grey, black, brown, and greenish yel-
low) in the lower part, and grey marls in the upper 
part. The ~2 m-thick Tarawan Formation is made up 
of yellow marls with chert bands that towards the top, 
changes into chalky limestones. The Esna Formation 
is mainly composed of green-grey or dark-grey shales 
with limestone bands with a few gypsum veins. Only 
the 7 m-thick upper portion of the Dakhla Formation 
is the subject of the this research (Fig. 1B).

Results

Nannofossil biostratigraphy
In this study, abundant to frequent and moderate to 
well-preserved calcareous nannofossils are noted, and 
based on the biozonation of Martini (1971) and Varol 
(1989), encompasses NP3–NP5 zones (Fig. 2). The LO 
of and Chiasmolithus danicus defines the NP3 Zone 
(Fig. 2). The base and top of the NP4 Zone is defined 
by the LOs of E. macellus and Fasciculithus tympani-
formis, respectively (Fig. 2). The NP4 Zone, following 
the zonation of Varol (1989), is divided into six sub-
zones, NTp6, NTp7A-B, and NTp8A-8C (Fig. 2).

The NP3/NP4 boundary is marked by a hiatus 
as reflected by the absence of marker species Horn
brookina edwardsii, Prinsus martinii, Neocrepidolithus 
fossus, and N. cruciatus (see also Faris & Farouk 
2012). The NTp7A Subzone is defined by the HO of 
Neochiastozygus imbriei (in sample 76) to the LO of 
C. edentulus (in sample 79) (Fig. 2). The LO of Ch. 
edentulus, as also reported by Varol (1989), indicates  
the base of the NTp7B Subzone (sample 79) (Fig. 2). 
The interval between the LCtO of Sphenolithus pri-
mus and the LO of Lithyptychius ulii distinguishes 
the NTp8A Subzone (see Varol 1989; Monechi et al. 
2013; Fig. 2). The NTp8B Subzone extends from the 
LOs of L. ulii to that of L. janii (Fig. 2). The LO of L. 
janii (in sample 93) and the LO of F. tympaniformis 
distinguishes the NTp8C Subzone (Fig. 2). The LO of 
F. tympaniformis (sample 96) marks the base of the 
NP5 Zone, whereas its top cannot be determined as 
the marker of the NP6 Zone, Heliolithus kleinpellii, is 
not recorded (Fig. 2). Some of the representative cal-
careous nannofossil species are illustrated in Figure 3.

Nannofossil bioevents 
Several nannofossil bioevents are identified within the 
NP4 Zone, enabling reliable correlation with global 
sequences (Fig. 4). These are briefly enumerated below. 

LO and LCtO of Sphenolithus primus.– The base 
of NTp8 Subzone is defined by the LO of S. primus 
(Varol, 1989). However, Quillévéré et al. (2002) uti-
lized it to subdivide it into two subzones, NP4a and 
NP4b. In the present work, within the NTp6 Subzone, 
rare occurrences of S. primus are also noted in the 
initial part of its range, and its LCtO is used here to 
approximate the base of NTp8A (sample 83; Fig. 2). 

Chiasmolithus edentulous.- The Tethys and Zumaia 
(GSSP-Spain) sections can be correlated with the this 

https://www.idunn.no/doi/suppl/10.18261/Lethaia.57.4.3/suppl_file/Lethaia.57.4.3_Supplementary_data.docx
https://www.idunn.no/doi/suppl/10.18261/Lethaia.57.4.3/suppl_file/Lethaia.57.4.3_Supplementary_data.docx
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Fig. 3.  Important representative calcareous nannofossil species from this study. 1, 2, Fasciculithus involutus, sample 98. 3, Fasciculithus 
tympaniformis, sample 96. 4, 5, Lithoptychius janii, sample 98. 6, 7, Lithoptychius merloti, sample 94, 97. 8–10, Lithoptychius stegastos, sam-
ple 94, 96, 87. 11, 12, Lithoptychius ulii, sample 98, 97. 13, Lithoptychius schmitzii, sample 86. 14, Diantholitha mariposa, sample 79. 15, 
Lithoptychius billii, sample 86. 16, Sphenolithus primus, sample 93. 17, Ericsonia cava, sample 85. 18, Heliolithus cantabriae, sample 101. 19, 
Chiasmolithus danicus, sample 93. 20, Ellipsolithus macellus, sample 79. 21–23, Ericsonia subpertusa, sample 73. 24, Ericsonia robusta, sam-
ple 76. 25, Pontosphaera sp., sample 76. 26, 27, Zeugrhabdotus sigmoides, sample 74. 28, 29, Neochiastozygus modestus, sample 82, 76. (30). 
Thoracosphaera saxea, sample 79.
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Fig. 4.  Correlation between bioevents and magnetostratigraphy of GSSP at Zumaia, Site 1262 at South Atlantic, SW France, Gebel Nezzi and 
the Ekma sections (the grey line corresponds to the beginning of Latest Danian Event).
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study using the LO of C. edentulus, which marks the 
NTp7B base (Bernaola et al. 2009; Monechi et al. 2013; 
Farouk and Faris, 2013; Metwally, 2019). Here, the LO 
of Ch. edentulus (in sample 79) delineates the base of 
NTp7B; the species is continuously present from sam-
ples 79 to 100 (Fig. 2).

Lithoptychius.– The first taxon to appear in the 
Lithoptychius lineage is the small form of L. varolii; it 
represents the first diversification event of this genus 
(Monechi et al. 2013). L. varolii initially appears at the 
base of NTp7B Subzone both at Zumaia (Monechi 
et al. 2013) and at the Wadi El Maheer section, Egypt 
(Metwally, 2019). The LO of L. varolii, is reported in 
the uppermost part of the NTp7B Subzone (sample 
82) (Fig. 2). Lithoptychius is well diversified within 
NTp7B; L. stegostus first appears within this subzone 
(Fig. 2). In the Tethyan region, the LO of L. schmat-
zii is regarded as a reliable event and represents the 
first radiation of Lithoptychius. At Zumaia (Spain) 
and Qreiya (Egypt) sections, the LO of L. schmatzii 
is at the base of the NTp8A Subzone. Here, the LO of  
L. schmatzii is at the base of NTp8A (Fig. 2). The LO of 
L. billii is noted at the base of the NTp8B Subzone (fol-
lowing Varol, 1989). Nevertheless, its LO is delayed, 
and appears within the NTp8B Subzone (in sample 
88) (Fig. 2). It is noted that with respect to the LO of 
Lithoptychius pileatus, L. janii, and Fasciculithus invo-
lutus, several discrepancies exist with the zonation of 
Varol (1989) and Agnini et al. (2007 a-b). These dis-
crepancies may well be due to differing taxonomic 
interpretations. In the zonal scheme of Varol (1989), 
L. pileatus and L. janii first appear at the base of the 
NTp8C Subzone. However, the LO of L. pileatus is 
delayed, as it first occurs within the NTp8C Subzone, 
in sample 94 (Fig. 2).

Fasciculithus.– The LO Fasciculithus involutus is 
noted at the base of NTp8C (Varol, 1989), though it is 
delayed; it appears first at the base of the NP5 Zone in 
sample 96 (Fig. 2).

Carbon and oxygen isotopes
The δ13C and δ18O isotopic records are useful for 
tracking changes in biogenic and oceanic environ-
ments and water palaeotemperatures, and for deter-
mining the age and origin of rocks (d’Hondt & Zachos 
1993; Charisi & Schmitz 1995). However, they are also 
affected by changes in salinity, biological fractionation, 
diagenesis, and alterations in the global carbon and 
oxygen budgets, making it difficult to align concepts 
in isotope stratigraphy (Baum et al. 1994). The oxygen 
isotope values, in particular, are more susceptible to 

post-depositional changes (diagenesis) as compared 
to carbon isotope values. As a result, interpreting 
palaeotemperature records from δ18O can be tricky, 
although trends and the magnitude of alterations are 
generally better preserved (Sexton et al. 2006). In gen-
eral, δ13C is considered to be largely unchanged, and 
thus appropriate for regional correlation. 

In this study, the cross-plot between δ13C and 
δ18O shows a weak correlation (R2 = 0.4038), and 
slight co-variance, and thus indicative of minimal 
diagenesis (Fig. 5). Broadly, the δ13C and δ18O values 
range between –0.05 to +2.06‰ for δ13C and –4.32 
to –1.98‰ for δ18O (Fig. 6). The δ13C curve begins at 
0.57‰ and drops to 0.03‰ at sample 71. Upwards, 
the δ18O curve starts at –3.88‰ and then decreases to 
–4.32‰ at sample 71, within the calcareous nannofos-
sil NP3 Zone (Fig. 6). Subsequently, there is a gradual 
increase in δ13C values to 1.49‰ at sample 81 and an 
increase in δ18O to –2.37‰ at sample 81, continuing 
into the calcareous nannofossil zones NTp6, NTp7A, 
and the lower part of the NTp7B Subzone (Fig. 6). 
An abrupt decrease in δ13C and δ18O values occurs at 
sample 84 (from 1.49 to 0.62‰ and –2.37 to –4.29‰ 
respectively), followed by another sudden excursion 
from samples 85 to 86 (1.06 to –0.05‰ and –2.79 to 
–3.74‰ in δ13C and δ18O values, respectively). 

This corresponds to the latest Danian Event (LDE), 
occurring at the boundary between Chron C27n and 
C26r (topmost calcareous nannofossil NTp7B and 
NTp8A) (Fig. 6). Two negative δ13C excursions are 
identified, characterized by distinctive double-peak 
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δ13C excursions and sudden decreases in δ13C and 
δ18O values. This event correlates with the LDE at the 
Chron C27n/C26r boundary and the planktic fora-
miniferal P3a/P3b subzonal boundary at Gebel Nezzi 
(Luxor) (Farouk et al. 2018) (Fig. 6). There is a grad-
ual increase in δ13C values reaching 1.82‰ at sample 
95, with δ18O oscillating to –1.98‰ at sample 95, cor-
relating with the calcareous nannofossil NTp8B and 
NTp8C subzones. Within the calcareous nannofossil 
NP5 Zone, a short-lived negative δ13C and δ18O excur-
sion reaches 1.48‰ and –3.58‰ at sample 97.

Calcareous nannofossils
Three intervals are noted: pre-LDE (samples 70–80), 
LDE (samples 81–87), and post-LDE (samples 88–100) 
(see Fig. 7). Three genera dominate: Ericsonia (31%; E. 
subpertusa makes up 66% of the total Ericsonia pop-
ulation), Cruciplacolithus (13%; C. tenuis: 40%), and 
Neochiastozygus (10%; N. medestus: 65%) (Fig. 7). In 
terms of species distribution, E. subpertusa is rela-
tively abundant in all three intervals: pre-LDE (17%), 
LDE (23%), and post-LDE (21%). It is associated with 
increasing values of Toweius pertusus, Cruciplacolithus 
primus, and Neochiastozygus medestus and decreasing 
values of Zygrhablithus sigmoides, Ericsonia cava, and 
Sphenolithus primus (see Table 1).

Species diversity
In general, the average values for both species rich-
ness (i.e., the number of taxa) and Shannon diversity 
index (Shannon H) gradually increases from the pre-
LDE (13 and 2.2, respectively) to LDE (17 and 2.4) 
and to post-LDE (18 and 2.6) intervals (see Table 1). 
In contrast, species dominance remains low and grad-
ually decreases; pre-LDE (0.13), LDE (0.12) and post-
LDE (0.09) (see Table 1).

Discussion

Diagenesis
The cross-plot between δ13C and δ18O provides a 
window to infer possible diagenesis (see Fig. 5). 
Here, this cross-plot yields a weak linear relationship 
(R2 = 0.4038) suggesting minimal diagenesis (Fig. 5). 
Additionally, the present isotope data faithfully reflects 
the general global trend, such as the double-peak car-
bon isotope excursion indicating the presence of LDE 
(see Monechi et al. 2013) (see Fig.  6). Additionally, 
another short-lived, negative δ13C and δ18O excur-
sion (the CIE-DS2) noted in Egypt (Bornemann et al. 

2009), Zumaia, Spain (Arenillas et al. 2008), and in 
the Central Pacific (Westerhold et al. 2011) is also 
recorded (Fig. 6). Minimal dissolution is also con-
firmed by a similar pattern of high species diversity 
and moderate to well-preserved calcareous nanno-
fossil species (see Fig. 3). In terms of species com-
position, it has been noted that the absence of small 
Prinsius and high abundances of C. pelagicus and E. 
subpertusa are suggestive of increased dissolution (see 
Samtleben & Schoreder 1992; Monechi et al. 2013). 
Prinsius occurs only in three samples within the post-
LDE event (samples 93–95), and the abundance of C. 
pelagicus remains relatively low (2.4–3.9%) but E. sub-
pertusa is one of the dominant species (see Table 1). 
However, the presence of moderate to well-preserved 
calcareous nannofossil species and low species dom-
inance throughout the study interval (see Fig. 7) sug-
gests minimal dissolution.

First radiation of the fasciculiths
At Zumaia (Spain), the first radiation of Fasciculithus 
occurs very close to the base of NTp7B Subzone 
(Steurbaut & Sztrákos 2008; Monechi et al. 2013). 
At Site 1262, it occurs within the upper part of the 
NTp7B Subzone (LOs of Lithoptychius chowii, L. var-
olii; see Monechi et al. 2013). At the Qreiya section 
(Egypt), the first appearance of L. chowii and L. varolii 
occurs within the lower part of the NTp7A Subzone 
(Monech et al. 2013), whereas in the northern Eastern 
Desert (Wadi El-Maheer section), this event is noted 
at the topmost part of the NTp7A Subzone (Metwally 
2019). Here, Diantholitha magnolia, D. mariposa,  
L. varolii, and L. stegostus first occur in the topmost 
part of the NTp7B Subzone (sample 82) (see Fig. 2). 

Aubry et al. (2011) introduced two new genera, 
Diantholitha and  Lithoptychius based on the mor-
phological structure of the family Discoasterales; 
this classification is also used in here. At the top of 
the NTp7B Subzone, D. magnolia occurs with LOs 
of L. varolii and L. stegostus. The LOs of Diatholitha 
(D. mariposa, D. hemisphaerica) is followed upward 
by the LOs of Lithoptychius (L. chowii, L. felis, and L. 
stegostus) within the NTp7B Subzone (Aubry et al. 
2012). D. magnolia and D. mariposa first occur prior 
to the LOs of L. chowii and L. varolii (Monechi et al. 
2013). In Tethyan sections these are recorded after 
the appearance of L. schmitzii, characterized by the 
absence of fasciculiths (Lithoptychius) (Monechi 
et  al. 2013). The NTp8A Subzone has a reduced 
thickness (~1 m thick), and hence, the paracme 
interval of fasciculiths is represented only by one 
sample (sample 85, ~20 cm thick); this is marked by 
the absence of Lithoptychius. 
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Second radiation of the fasciculiths
The end of the paracme of fasciculiths is characterized 
by the radiation of Lithoptychius and Fasciculithus. At 
Site 1262, Qreiya and Zumaia sections, the LO of L. 
ulii and the LRO of L. janii has been used to delin-
eate the base of NTp8B-C subzones (the second radi-
ation of fasciculiths) (Monechi et al. 2013). Alegret 
et al. (2016) at Caravaca (Spain) used the LO of L. ulii 
within NTp8 Zone to delineate the second radiation 
of fasciculiths. At Gebel Nezzazet, west central Sinai, 
the second radiation of fasciculiths is characterized by 
the LOs of L. ulii and L. billi, at the base of NTp8B 
Subzone (Faris et al. 2023). Here, this radiation also 
occurs at the base of NTp8B Subzone (sample 86) and 
is marked by the LO of L. ulii. However, the LO of 
L. janii (sample 93) occurs at the base of the NTp8C 
Subzone.

Calcareous nannofossil distribution: global and 
local comparisons
Pre-LDE interval.– During the pre-LDE interval, cool 
and eutrophic conditions are noted as reflected by the 
abundance of cool water taxa of Toweius pertusus and 
Cruciplacolithus primus (Bukry 1973; Bralower 2002) 
(Fig. 7). Metwally (2019) observed similar condi-
tions, but with a gradual warming towards the end of 
the pre-LDE interval at the Wadi El-Maheer section. 
These cooler conditions coincided with lowered sea 

levels and increased terrigenous input, due to the shal-
lower palaeodepth at the Wadi El-Maheer section, as 
reflected by the record of fish remains suggesting closer 
proximity to shorelines. Increased Neochiastozygus 
abundance reflect elevated nutrient levels, attributed 
to sea-level changes influencing nutrient fluxes 
(Mutterlose et al. 2007; Self-Trail et al. 2012).

LDE Interval.– In terms of species distribution pat-
terns, this interval is characterized by maximum 
abundances of warm and oligotrophic species such as 
Ericsonia subpertusa, and associated increased abun-
dances of Sphenolithus primus and Zygrhablithus sig-
moides (Table 1). Increased nutrient availability is also 
noted here, as reflected by the higher relative abun-
dance of Neochiastozygus (Mutterlose et al. 2007; Self-
Trail et al. 2012; see Table 1). Overall, across the LDE, 
there is a general warming of surface waters across the 
LDE with increased warmth at the later stages and a 
corresponding decline if cool water taxa (see Fig. 7). 
Metwally (2019) also noted warmer, oligotrophic and 
relatively unstable environmental conditions across 
the LDE. Other studies, based on δ13C excursions and 
associated nannofossil assemblages, have suggested a 
transition to increased sea levels and a transgressive 
phase, with increased warmth and nutrient availabil-
ity in oceanic waters across the LDE (Arenillas et al. 
2008; Westerhold et al. 2011). Local species diver-
sity remains relatively stable with low dominance 
(Metwally 2019; Kasem et al. 2022). 

Table 1.  Distribution of calcareous nannofossils in the identified intervals (pre-LDE, LDE and post-LDE).
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Globally, the LDE resembles the Paleocene-Eocene 
Thermal Event (PETM) and is marked by increased 
abundances of warm, oligotrophic taxa (Bralower 
2002; Tantawy 2009; Metwally 2019). The inclusion 
of the First and Second Radiations of Fasciculithus 
at different subzones during the LDE suggests that 
diachronism, possibly influenced by regional bathy-
metric changes (Self-Trail et al. 2012; Bralower 2002; 
Gibbs et al. 2006b). The varying timing of these radi-
ations across different locations reflects regional dif-
ferences in oceanographic conditions and bathymetry 
that severely affected the distribution and evolution of 
calcareous nannofossil species (Arenillas et al. 2008; 
Monechi et al. 2013). This diachrony also highlights 
the complex interplay between local environmental 
factors and global climatic events during the LDE.

The D/S boundary, as defined by the LO of L. ulii 
at the base of the NTp8B Subzone (Bernaola et al. 
2009; Monechi et al. 2013), corresponds to significant 
sea-level changes. The boundary is associated with 
a transgressive phase, which is reflected in the shift 
towards warmer, oligotrophic conditions in the post-
D/S boundary interval (Fig. 7). This transgression is 
consistent with global sea-level rise and increased 
warmth observed at the base Selandian (Hardenbol 
et al. 1998; Haq 2015; Farouk 2016). 

Post-LDE interval.– The post-LDE interval is 
marked by an increase in the relative abundances 
of Zygrhablithus sigmoides and Sphenolithus primus 
(Fig. 7; Table 1). Zygrhablithus, a deep-water taxon,  
thrives in oligotrophic environments, while Sphe
nolithus and Fasciculithus (notably increasing at 
the interval’s end; Fig. 7) are adapted to warmer 
conditions (Wei & Wise 1990; Bralower 2002). 
Additionally, with in the post-D/S boundary 
interval, in particular the NTp8B Zone, increased  
relative abundances of warm water taxa, Ericsonia 
subpertusa, Coccolithus pelagicus, Sphenolithus  
primus, and Thoracosphaera operculata and in gen-
eral of warm water taxa are noted (see Fig. 7). At the 
Wadi El-Maheer section also, the post-LDE is char-
acterized by warmer, oligotrophic environments, but 
with a notable presence of Prinsius (Metwally 2019). 
Both Wadi El-Maheer and Wadi Ekma sections 
reflect increased species richness and diversity dur-
ing the post-LDE interval, alongside a reduction in 
species dominance, suggesting improved conditions. 
This is corroborated by the increased abundance of 
Cruciplacolithus (Table 1), which indicates stable 
marine conditions and supports the notion of a con-
tinued transgressive phase (Tantawy 2003; Farouk 
2016).

Here, it must be mentioned of an abrupt rise in rel-
ative abundance of the warm water taxa which starts 

at the NP5 Zone (at sample 96; see Fig. 7), rise and 
dominance of Fasciculiths involutus, and with con-
sistently higher values of δ13C suggesting oligotro-
phic conditions but with increased species diversity 
and low species dominance suggesting fairly stable 
conditions (see Fig. 7). Metwally (2019), who did 
not differentiate Fasciculiths into individual species, 
also recorded increased presence of Fasciculiths spp. 
within the NP5 Zone. 

Conclusions
The following conclusions may be drawn from this 
study:

1.	 The Ekma section, west central Sinai (Egypt) 
records three calcareous nannofossil zones, NP3, 
NP4, and NP5. This is the first nearly complete sec-
tion from Egypt, straddling the D/S boundary.

2.	 The first negative δ13C excursion occurs during the 
LDE, and within NTp7B and NTp8A subzones. The 
second negative excursion occurs within the NP5 
Zone, and close to the top of the Dakhla Formation.

3.	 The pre-LDE interval is characterized by cool 
and eutrophic conditions and dominated by the 
relative abundances of Toweius pertusus and 
Cruciplacolithus primus.

4.	 The LDE is distinguished by the maximum relative 
abundances of warm and oligotrophic species  – 
Ericsonia subpertusa, Sphenolithus primus, and 
Zygrhablithus sigmoides.

5.	 The interval of post-LDE is marked by the relative 
abundance of Z. sigmoides and S. primus suggestive 
of deeper conditions with warm and oligotrophic 
species.

6.	 Species richness and Shannon H gradually increase 
from the pre-LDE to LDE to the post-LDE interval 
whereas a corresponding decline in species dom-
inance, which remains low, is noted suggesting a 
gradual improved in environmental conditions.
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