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Abstract

Two detailed records (NSF and 05NSC, Sidi Nasseur, Tunisia) across the Danian/Selandian (D/S) boundary were investigated for
their micropaleontological content. Calcareous nannofossils and planktic foraminifera provided a biostratigraphic framework. The
interval spans part of planktic foraminiferal Zone P2, Subzone P3a and part of Subzone P3b. This corresponds to calcareous
nannoplankton Zone NP4. Using a more detailed nannofossil zonation the studied section spans part of Zone NTp6, Zone NTp7a and
part of NTp7b. Quantitative ostracod and qualitative benthic foraminiferal data were used to characterize environmental changes
across the D/S boundary. The two subsections have yielded a total of 50 ostracod taxa. The ostracod assemblage of the entire section
belongs to the Southern Tethyan Type showing subtle but distinct changes up section. Based on statistical analysis of the quantitative
ostracod data, faunal changes at a glauconitic maker bed (P3a/P3b boundary) were demonstrated. The local Reticulina proteros
assemblage, with the typical species R. proteros, Oertliella vesiculosa and Cytheroptheron lekefense, is gradually replaced by the
Protobuntonia nakkadii assemblage, with the typical species Cristaeleberis arabii, Xestoleberis tunisiensis, Cytheropteron sp. and
P. nakkadii, across the glauconitic bed. The benthic foraminifera also demonstrated distinct changes at this marker bed. The
changes in ostracods and foraminifera are related to changes in paleoproductivity and an overall relative sea-level fall.

The lithological and faunal changes at the P3a/P3b zone boundary within the Sidi Nasseur sections seem to correspond to the D/S
boundary in the type region in Danmark and are characterized by a significant hiatus, yielding this section not suitable as a GSSP
candidate for this boundary.
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1. Introduction

Since its definition by Schimper (1874), the Paleo-
cene Series has been a subject of discussion. For a long
time, it met with opposition before being internationally
accepted as the lowermost series of the Paleogene. Its
subdivision has also been the subject of much contro-
versy (Gradstein et al., 2004, fig. 1.7b for an overview).
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In the past, several authors favored a twofold subdivision
of the Paleocene. But even among them there was dis-
agreement on the appropriate stage spanning the upper
Paleocene as both Thanetian and Selandian were used.
Recently, a threefold subdivision into the Danian,
Selandian and Thanetian Stages has been approved
(Berggren et al., 1995). Most research efforts on the
Paleocene Series have been invested in both its lower and
upper boundaries: the Cretaceous/Paleogene (K/P) and
Paleocene/Eocene (P/E) boundary, respectively. As both
boundaries are characterized by drastic faunal, floral and
environmental change, they have drawn the attention of
many scientists around the globe. Compared to its
boundaries, the remainder of the Paleocene has received
little attention. As a consequence, the stratigraphy of the
Paleocene still contains a number of unresolved pro-
blems. Two of those, the age and characteristics of the
Danian/Selandian (D/S) boundary are the subject of the
present study.

The Danian Stage was introduced byDesor (1847) and
is named after its type area in Denmark. It comprises the
Paleocene chalks and limestones overlying the Maas-
trichtian chalks. Because of the lithological similarities
between the Danian andMaastrichtian in NWEurope, the
Danian was long considered the upper stage of the
Cretaceous. The Selandian Stage is composed of green-
sands, marls and clays overlying Danian limestones in
Denmark (Rosenkrantz, 1924). The stagewas named after
the Danish island of Zealand. Like most of the Paleogene
stages, both the Danian and Selandian have been defined
in the North Sea Basin. However, these sequences are
difficult to correlate on a global scale. The D/S boundary
in Danish outcrop sections is characterized by a hiatus.
Only recently, the duration of this hiatus has been
precisely estimated in the different sections in the type
Fig. 1. A. Location of the Sidi Nasseur sections within Tunisia (white areas are
Paleocene (modified after Zaier et al., 1998).
region (Clemmensen and Thomsen, 2005). In addition,
there is no agreement on a guide event for this boundary.
Berggren et al. (1995, 2000) favored the delineation of the
D/S boundary by the planktic foraminiferal P2/P3a
subzonal boundary, defined by the lowest occurrence of
the Praemurica uncinata and with an estimated age of
60.9 Ma. Alternatively, Schmitz et al. (1998) proposed to
correlate it with a level close to the base of calcareous
nannofossil Zone NP5, defined by the lowest occurrence
of Fasciculithus tympaniformis, which is well above the
P2/P3a subzonal boundary (Berggren et al., 1995, 2000).
Hardenbol et al. (1998) correlated the sequence boundary
(Sel1) between the Danian and Selandian with a level
within Zone P3a at 60.7 Ma. Consequently a clear
stratigraphic framework and nomenclature for this
interval are still lacking and there is no approved global
boundary stratotype section and point (GSSP) available.
However, two candidates have been proposed: the
Zumaya section in Northern Spain (Schmitz et al.,
1998) and the Sidi Nasseur section in Tunisia (Steurbaut
et al., 2000), studied in the present paper. Other potential
candidates are situated in Egypt (Speijer, 2003; Guasti,
2005) but have not been proposed as such.

The data presented here summarize the current state
of knowledge on the Sidi Nasseur section (Steurbaut
et al., 2000), with special emphasis on the ostracod
data. Rich ostracod assemblages have been described
from the Campanian–Eocene interval of the nearby El
Kef (Esker, 1968; Donze et al., 1982) and Elles (Said,
1978) sections, but these have not been studied
quantitatively. The present paper provides the first
quantitative record on Paleocene ostracods from
Tunisia and as such it aims at shedding new light on
biotic and paleoenvironmental changes associated with
the D/S transition in this region.
emerged); B. Paleogeographic situation of northern Tunisia during the
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2. Geological setting

The Sidi Nasseur section is situated near the village of
Kalaat Senan in central Tunisia near the Algerian border
(Fig. 1A). From a paleogeographic point of view, the
section is situated in the southern Tethys in the proximal
part of the Tunisian Trough near the emerged Kasserine
Island (Fig. 1B). During the late Mesozoic and the early
Cenozoic shallow seas covered most of Tunisia. By the
end of the Cretaceous, the Jeffara and Kasserine Islands
and other small areas emerged in south and central
Tunisia (Zaier et al., 1998). Paleocene sediments in the
Tunisian Trough (= Sillon Tunésien or northern basins)
are up to 500 m thick due to a high subsidence rate and
sediment input, but their thickness reduces towards the
Kasserine Island. During most of the early and early late
Paleocene, the Sidi Nasseur area was characterized by a
fairly uniform, marly hemipelagic sedimentation regime.
The marls, informally known as the Aïn Settara Marls
(Steurbaut et al., 2000), belong to the El Haria Formation
(Burollet, 1956, p.132–138). The El Haria Formation
ranges from Maastrichtian to Ypresian and at El Kef the
GSSP for the base of the Danian Stage (= K/P boundary)
was defined within this formation (Cowie et al., 1989;
Remane et al., 1999). It overlies the Campanian–
Maastrichtian chalky limestones of the Abiod Formation
and it is overlain by limestones and phosphates of the
Ypresian Metlaoui Formation (see Dupuis et al., 2001,
fig. 1 for a lithostratigraphic column of the area).

3. Material and methods

We investigated two subsections below the hill top of
Sidi Nasseur: NSF, the Sidi Nasseur section of Steurbaut
et al. (2000) and 05NSC, a partial lateral equivalent, only
50 m south of NSF. NSF comprises a 17 m thick interval
spanning the D/S transition in which 42 samples were
taken. 05NSC comprises an 8 m thick interval spanning
the D/S transition in which 21 samples were taken.
Guasti et al. (2006) discussed the stratigraphy and paleo-
environmental setting of the Aïn Settara (ASP) section,
which is another lateral equivalent about 1 km south of
the NSF/05NSC sections.

The most striking feature of the Sidi Nasseur sections
is a 50–80 cm thick glauconitic marker bed topping a
complex channel system that complicates the correlation
between both sections. For correlation between the sub-
sections, the glauconitic marker bed and biostratigraphic
boundaries (Fig. 2) were used. Based on the proposed
correlation, corresponding levels of the 05NSC-samples
were projected onto the NSF-section. This combined
succession was used to plot the results from our analysis.
All samples were processed for calcareous nanno-
fossils. Smear-slides were made using standard proce-
dures and examined with a light microsope at 1000× or
1250× magnification.

For ostracod and foraminiferal studies, 21 samples of
the NSF section and 7 samples of the 05NSC section
were investigated (about one sample per meter). All
samples were dried during at least 24 h in a stove at
60 °C. The dry samples were weighed and subsequently
soaked in a 50 g/l soda (Na2CO3) solution. After at least
1 day, the samples were washed over 2 mm and 63 μm
sieves. The residues were dried and the procedure re-
peated one more time. Usually, this was sufficient to
remove all clay and silt. If the sample was still dirty after
two runs, it was treated with the tenside Rewoquat®. The
clean residue was dried and split into five fractions:
N630 μm, N250 μm, N180 μm, N125 μm and N63 μm.
More than 300 ostracods from the three fractions
N180 μm were picked. Where ostracods were too abun-
dant to pick all specimens, samples were split with a
microsplitter and counts were recalculated to the total
abundance. The number of individuals of each species is
the sum of the adult carapaces and the largest number of
either right or left adult valves. The smaller fractions
(b180 μm) only contained scarce juvenile ostracods.
Counts were made of the total number of picked ostra-
cods and of the fraction N250 μm. A correspondence
analysis was run on both datasets using PAST-software
(Hammer et al., 2001).

Benthic foraminifera were picked from a split of the
125–630 μm fraction. Representative aliquots, contain-
ing 200–300 benthic foraminiferal specimens, were split
using an Otto microsplitter. The picked specimens were
glued on permanent slides, identified and counted. Dry
weighing prior to processing the samples enabled the
calculation of numbers of planktic and benthic forami-
nifera per gram of dry sediment. Qualitative distributions
of benthic and planktic foraminifera have been deter-
mined enabling the calculation of percentages of plank-
tonic foramininfera in the total foraminiferal fauna (P/B
ratio). Counting was performed on random squares of a
picking tray, until 100 specimens of one of the groups
was encountered; The P/B ratio was expressed as
100*P / (P+B). Selected planktic foraminifera were
picked (Plate I) and together with calcareous nanno-
fossil data a biostratigraphic frameworkwas constructed.

4. Calcareous nannoplankton

The Sidi Nasseur section spans calcareous nannofossil
Zones–Subzones NTp6, NTp7A and NTp7B, cor-
responding to the middle part of Zone NP4 (Martini,



Fig. 2. Litho- and biostratigraphy of the Danian/Selandian boundary interval of the Sidi Nasseur sections.
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Plate I. Planktic foraminiferal zonal markers: 1–3, Igorina albeari: 1, sample NSF10.0 m; 2, sample 05NSC21 (7.6 m); 3, typical I. albeari from
sample NSF16.5 m. 4, Morozovella sp, sample NSF8.0 m. 5, Morozovella angulata, sample NSF8.0 m. a = spiral view, b = umbilical view, c =
apertural view, scale bar=100 μm.
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1971; Varol, 1989). The highest occurrence (HO) of
Neochiastozygus imbriei and N. eosaepes, defining the
NTp6/NTp7A subzonal boundary, have been identified in
samples NSF 3.90m and 05NSC 3, the lowest occurrence
(LO) of Chiasmolithus edentulus, marking the NTp7A/
NTp7B subzonal boundary, in samples NSF 10,0 m and
05NSC 19. As Sphenolithus primus was not encountered
in the sample sets, it is assumed that the top of the NSF
section is still within Subzone NTp7B. These data are in
full agreement with the results of earlier nannofossil
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studies and interpretations of the NSF section (Steurbaut
et al., 2000) and the partly equivalent ASP section
discussed by Guasti et al. (2006). It demonstrates that at
low latitudes the first consistent occurrence of the genus
Fasciculithus is a distinct event within Zone NP4 and
that it coincides with the LO ofC. edentulus. The detailed
sampling of the 05NSC section (every 25 cm) reveals for
the first time that in Tunisia this Fasciculithus event is
preceded by an ephemeral occurrence of Fasciculithus
magnus (very low numbers in a∼ 40 cm interval: only in
05NSC 2 and 3 and in NSF 3.90 m, a sample not studied
earlier). This short-ranged occurrence, which can easily
be overlooked, is located at the top of Subzone NTp6. The
observations indicate that at Sidi Nasseur Subzone
NTp7A is a Fasciculithus-free interval.

The general composition of the associations does not
fundamentally vary through the section (about 85% of the
taxa are ubiquitous). Despite this marked uniformity,
substantial biotic change has been recorded at two specific
levels: the top of the lowermost clay unit and the base of
the upper thick glauconitic bed, about 5 m up section (at
4 m and at 9.30 m in NSF and at 0.85 m and 6.63 m in
05NSC, respectively). The lower event is marked by a
series of HOs (F. magnus, N. imbriei and N. eosaepes),
denoting the NTp6–NTp7A subzonal boundary (see
above), the upper event by a major increase in species
diversity, among which are the LOs of C. edentulus,
Fasciculithus chowii and another unnamed Fasciculithus,
the LO of Toweius sp. (middle-sized elliptical form) and
the start of the consistent occurrence (several specimens in
each sample) of Pontosphaera sp. Both events coincide
with omission surfaces at the base of glauconite levels,
indicating hiati, or at least condensation.

5. Planktic foraminifera

The studied part of the Sidi Nasseur section starts in
Zone P2, defined as the interval between the LO of P.
uncinata and the LO ofMorozovella angulata (Berggren
et al., 1995). Zone P3 is defined as the stratigraphic
interval between the LO of M. angulata and the LO of
Globanomalina pseudomenardii. Zone P3 is divided
into Subzones P3a and P3b based on the LO of Igorina
albeari at the base of zone P3b. Both the P2/P3a and P3a/
b zonal boundaries have been identified in the NSF and
05NSC subsections. The P2/P3a zonal boundary has
been recognized at the base of a yellow-colored channel
bed and the P3a/b zonal boundary coincides with the
base of the glauconitic marker bed. Subzone P3a spans
only 2m at NSF and 3m at 05NSC. Subzone P3b is more
expanded and continues above the studied interval. The
planktic foraminiferal biostratigraphy proposed in this
study for the Sidi Nasseur sections differs from that
proposed for the NSF section by Steurbaut et al. (2000,
fig. 2). In that study, M. angulata was not found below
the glauconitic marker bed. However, we observed
distinctly keeled specimens of M. angulata, within the
short interval below the glauconitic bed (Plate I). In
addition, we observed slightly keeled specimens of I.
albeari from the glauconitic bed upwards marking the
base of Subzone P3b. This again contrasts with the
earlier observations of Molina (in Steurbaut et al., 2000)
who found the LO of this species much higher up
section. Our planktic foraminiferal results are in agree-
ment with those of Guasti et al. (2006) on the nearby Aïn
Settara ASP section.

The channel-like surface at the P2/3 zonal boundary
marks a hiatus of uncertain duration. This duration is
considered to be quite limited considering the short
duration of Biochron P2 (0.2 m.y.; Berggren et al.,
1995) and the large thickness (N7 m) of Zone P2 in the
section. The P3a/P3b transition is also marked by a
hiatus in the Sidi Nasseur sections. Considering the
duration of Subbiochron P3a (∼ 1 m.y.) and its very
limited stratigraphic thickness within the Sidi Nasseur
sections, a considerable amount of Zone P3a seems to
be missing.

6. Benthic foraminifera

Two main benthic foraminiferal assemblages can be
observed in the studied interval at Sidi Nasseur. The
transition between both assemblages coincides with the
unconformity at the glauconitic marker bed. The lower
Pulsiphonina prima assemblage is characterized by fre-
quent occurrences of P. prima, Anomalinoides susanaen-
sis, Cibicidoides pseudoacutus and Spiroplectinella
dentata besides many other neritic taxa. The important
changes in benthic foraminiferal faunas occur around the
truncated zonal boundaries. The characteristic deep outer
neritic species Angulogavelinella avnimelechi disappears
just beneath the P2/P3 zonal boundary (Fig. 3). Anoma-
linoides affinis and Angulogavelinella abudurbensis gra-
dually decrease in numbers until they disappear at the P3a/
P3b Subzonal boundary at the base of the glauconitic
marker bed. The upper “Buliminid” assemblage is char-
acterized by a larger number of triserial species that
occur frequently above the glauconitic marker bed
(Fig. 3). The buliminids make up ∼ 50% of the total
assemblage in the upper part of the section, which
contrasts to the lower part, where they constitute b20%
of the total assemblage. Typical taxa of this “Buliminid”
assemblage are Bulimina midwayensis, Bulimina stro-
bila, Stainforthia sp., Uvigerinella sp. and Stilostomella



Fig. 3. Sedimentological characteristics and faunal succession of the Danian/Selandian transition in the Sidi Nasseur sections, Tunisia (the trends of
paleodepth and nutrient levels are indicated schematically).
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plummerae. A. susanaensis and P. prima have their
HOs just above the P3a/b subzonal boundary.

Several foraminiferal parameters have been deter-
mined throughout the section (Fig. 4) as they can be
indicative of taphonomic features such as dissolution. A
combination of high percentages of non-calcareous
arenaceous benthic foraminifera, low amounts of plank-
tic and benthic foraminifera per gram of sediment, and
low planktic/benthic (P/B) ratios (expressed as the per-
centage of planktic specimens in the total number of
foraminifera) can be good indications for dissolution
(e.g. Speijer and Schmitz, 1998). When combining these
data with the calcite content (Steurbaut et al., 2000,
fig. c2) and ostracod quantities, several beds that were
prone to a considerable degree of dissolution have been
identified (Fig. 4): the clayey marl in the lower part of the
section (3.5 m), the clayey marl just below the glau-
conitic marker bed (9.2 m), and the clayey marl near the
top of the NSF section (13.6 m).

The top of the main glauconite at 10 m has the lowest
percentages of non-calcareous taxa (∼ 1%), together
with highest amounts of benthic and planktic foraminif-
era (4600 and 8600 individuals/g, respectively). These
data are indicative of condensation and/or winnowing of
the clay fraction.

6.1. Paleoenvironment

The successive HOs of deeper dwelling benthic
foraminifera (Saint-Marc and Berggren, 1988; Speijer
and Schmitz, 1998) such as A. avnimelechi, A.
abudurbensis, A. affinis, A. susanaensis, S. dentata
and P. prima (Fig. 3) through the sections indicate a
general shallowing trend. This corresponds to the
general shallowing trend during the Paleocene in the
Tunisian Trough (Aubert and Berggren, 1976; Salaj,
1980; Donze et al., 1982; Kouwenhoven et al., 1997).
The transition of benthic foraminiferal assemblages at
the main glauconite (= P3a/b subzonal boundary) and
the general decrease of P/B ratios indicates an overall
decrease in paleodepth from deep outer neritic
(∼ 175 m) to shallow outer neritic (∼ 125 m) deposition.
The slight increase in near-shore dinoflagellate cysts
(Pontosphaera and Micrantolithus) in the glauconite
bed in the ASP section also points to a regression related
to relative sea-level fall (Guasti et al., 2006). A similar
depth decrease at this level has been observed in the El
Kef section (Guasti et al., 2005a).

The switch to an assemblage with more buliminid
type species at the glauconitic marker bed also indicates
a transition to more eutrophic conditions (Jorissen et al.,
1995). The P3a/b subzonal boundary thus marks the
change from relatively oligotrophic, deep outer neritic
waters to more eutrophic, shallow outer neritic condi-
tions, in accordance with the interpretation of Guasti
et al. (2006) for the parallel Aïn Settara section.

7. Ostracoda

The ostracod fauna in the Sidi Nasseur sections
consists of 50 taxa (Plates II and III) (for a complete
taxonomic list see Appendix A); most of them have been
previously described from Paleocene deposits in northern
Africa. Thirteen taxa were only observed in the NSF
section: Cytherelloidea ainshamsina, Bairdia sp., Bytho-
cypris eskeri, Macrocypris sp. Paracypris nigeriensis, P.



Fig. 4. Foraminiferal parameters plotted against depth of the Sidi Nasseur sections. Grey areas indicate zones of dissolution.
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Plate II. 1, Bairdia malzi Morsi and Speijer (2003), carapace, adult: a, right view; b, dorsal view. 2, Protobuntonia nakkadii Bassiouni (1970),
carapace, right view, NSF 15.6 m. 3–6, Bairdia septentrionalis Bonnema 1940, carapace, right view, NSF −0.5 m: 3, adult; 4–6, juveniles.
7, Xestoleberis ovata Bonnema 1941, carapace, adult, right view, NSF 15.6 m. 8, Xestoleberis tunisiensis Esker (1968), carapace, adult, right view,
NSF NSF 15.6 m. 9–10, Cytherelloidea aff. melleguensis Damotte and Said 1984: 9, left valve, female, NSF 15.6 m; 10, right valve, male, NSF
1.5 m. 11–12, Cytherella sinaensis Morsi (1999), carapace: 11, left view, female, NSF 3.2 m; 12, right view, male, NSF −0.5 m. 13, Bythocypris
adunca Esker (1968), carapace, right view, male, NSF-0.5 m. 14, Cytherella ainshamsina Bassiouni and Morsi (2000), carapace, right view, NSF
16.5 m. 15, Cytherella aff. lagenalis Marlière 1958, carapace, left view, NSF 3.2 m. 16, Cytherella meijeri Esker (1968), carapace, right view, NSF
15.6 m. 17, Bythocypris eskeri Bassiouni and Luger (1990), carapace, left view, NSF −0.5 m. 18–19, Krithe echolsae Esker (1968), carapace, right
view, NSF −0.5 m: 18, female; 19, male. 20, Krithe cf. solomoni Honigstein (1984), carapace, right view, NSF 13.6 m. 21, Paracypris eskeri
Bassiouni and Morsi (2000), carapace, right view, NSF −0.5 m. 22, Pontocyprella recurva Esker (1968), carapace, right view, NSF 2.5 m. 23–24,
Parakrithe crolifa Bassiouni and Luger (1990), carapace, right view, NSF 15.6 m: 23, female; 24, male. 25, Paracypris jonesi Bonnema 1941,
carapace, right view, NSF 2.5 m. 26, Paracypris sp. B Esker (1968), carapace, right view, NSF 1.5 m. 27, Pontocypris sp., carapace, right view, NSF
2.5 m. 28, species C, carapace, right view, NSF 5.5 m.
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Plate III. 1–2, Cristaeleberis arabii Bassiouni (1970), left valve, NSF 12.75 m: 1, morphotype A; 2, morphotype B with pronounced reticulation. 3–
4, Mauritsina jordanica nodosoreticulata Bassiouni (1970): 3, left valve, adult, NSF −0.5 m; 4, right valve, juvenile, NSF 15.6 m. 5, Ordoniya
ordoniya (Bassiouni, 1970), carapace, left view, NSF 14.4 m. 6,Ordoniya bulaqensisBassiouni and Luger (1990), carapace, left view, NSF 2.5 m. 7–
8, Mauritsina coronata (Esker, 1968): 7, left valve, adult, NSF −0.5 m; 8, right valve, juvenile, NSF 2.5 m. 9, Oertliella posterotriangulata Morsi
(1999), carapace, left view, NSF 14.6 m. 10, Oertliella delicata Bassiouni and Luger (1990), carapace, left view, NSF 10.5 m. 11, Oertliella
vesiculosa (Apostolescu 1961), carapace, left view, NSF 2.5 m. 12, Megommatocythere denticulata (Esker, 1968), left valve, external view, NSF
2.5 m. 13–14, Paracosta parakefensis Bassiouni and Luger (1990), carapace, right view, NSF 14.4 m: 13, female; 14, male. 15–16: Reticulina
proteros (Bassiouni, 1969), carapace, right view, NSF −0.5 m: 15, female; 16, male. 17–18, Eucytherura aff. hassanieni Bassiouni and Luger
(1990), NSF 5.5 m: 17, carapace, dorsal view; 18, left valve, external view. 19, Cytheropteron sp., right valve, external view, NSF 15.6 m. 20,
Cytheropteron lugeri Bassiouni and Morsi (2000), left valve, external view, 05NSC 21 (7.6 m). 21–22 Cytheropteron ventroliratum Bassiouni and
Morsi (2000), NSF 15.6 m: 21, carapace, dorsal view; 22, right valve, external view. 23–24 Cytheropteron lekefense Esker 1968: 23, carapace, dorsal
view, NSF 1.5 m; 24, right valve, external view, NSF 0.5 m. 25, species A, right valve, NSF 2.5 m. 26, species B, carapace, left view, NSF 14.4 m. 27,
species D, carapace, right view, NSF 6.5 m. 28, Loxoconcha blanckenhorni Bassiouni and Luger (1990), carapace, left view, NSF −0.5 m.
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sokotoensis,Monoceratina sp.,Cytheroptheron lekefense,
Semicytherura sp., Loxoconcha blanckenhorni, Megom-
matocythere denticulata and species B. Bythocypris
boukharyi was found only in the 05NSC section
(Table 1). These differences can be explained by their
rare occurrences in combinationwith the limited thickness
of the 05NSC section.

The ostracod assemblages of the Sidi Nasseur
sections show subtle but distinct changes around the
main glauconitic level (at height 9.2 m in the NSF sec-
tion, Fig. 2). Pontocyprella recurva, Pontocypris sp.,
Krithe echolsae, Mauritsina coronata, Oertliella vesi-
culosa, Ordoniya bulaqensis, Reticulina proteros,
Cytheropteron lekefense and Eucytherura aff. hassa-
nieni occur frequently below this level and are rare to
absent above. In contrast, Cytheropteron sp., Oertliella
delicata, Ordoniya ordoniya and Protobuntonia nakka-
dii are rare to absent below the glauconitic level but
occur frequently above it. Cristaeleberis arabii shows a
distinct peak just above this level (Fig. 5).

These qualitative trends in faunal composition are
corroborated by the statistical correspondence analysis.
Two sets of census data have been gathered for both the
NSF and 05NSC sections: total census data of the
ostracods and a second dataset only taking the fraction
N 250 μm into account (Table 1). These census data
resulted in four different datasets for the statistical anal-
ysis: NSF05NSCtot, NSFtot, NSF05NSC250, and
NSF250. These names refer to the section and size
fraction taken into account. These four datasets were
used in the correspondence analysis (Fig. 6) to test if the
observed trends appear in both sections and to test if
small ostracod species (often not considered in ostracod
studies) have any influence on the analysis.

When comparing NSF05NSCtot and NSFtot analy-
ses, the following similarities are observed. CA1 shows
the same trend in both datasets (arrow on Fig. 6)
although more detail is recorded in the NSF05NSCtot
dataset. CA2 of NSFtot is very similar to CA3 of
NSF05NSCtot, with again more detail in the latter.
NSF05NSC250 and NSF250 show the same trends for
CA1, 2 and 3. When comparing the total datasets with
the datasets excluding the small ostracods species,
similarities are less obvious. Only the dominant trend
(observed in CA1) is shared by all datasets (mirrored in
250-datasets).

Based on these observations, it can be concluded that
the same trends appear in both sections and that in this
case evaluating the N250 μm fraction size is sufficient to
observe the dominant trend (CA1) within this fauna. In
other words, comparison of this data with other datasets
that excluded small ostracod species can be useful.
In the following paragraph, the results for the most
complete dataset (NSF05NSCtot) (Fig. 7) will be
discussed. R-mode clustering of the ostracod assem-
blages resulted in two distinct assemblages named after
one of their characteristic species. The R. proteros as-
semblage contains all the species that occur frequently
below the glauconitic level while the P. nakkadii
assemblage groups the species that occur frequently
above this level (Fig. 7C). Table 2 shows species scores:
R. proteros, O. vesiculosa and C. lekefense have a posi-
tive score while C. arabii, Xestoleberis tunisiensis,
Cytheropteron sp. and P. nakkadii have a negative score.
The bivariate plot of first two axes of the correspondence
analysis gives a similar image with two biofacies:
biofacies 1 all samples below the glauconitic level and
biofacies 2 groups all samples above this level (Fig. 7B).
In fact, this plot clearly demonstrates that only the first
axis displays a gradual change across the glauconite
marker bed. The scores on the first axes (Fig. 7A) show a
decreasing trend with dominantly positive values below
and negative values above the glauconitic marker bed.
The variability along the second axes is spread across the
entire section without a distinct trend.

7.1. Paleoenvironment and paleobiogeography

The paleobiogeography of late early Cretaceous to
early Paleocene marine Ostracoda in Arabia and north to
equatorial Africa has been recently reviewed and
summarized by Luger (2003). Due to the emergence of
major parts of the Arabian shield during the Turonian,
the uniform ‘South Tethyan ostracod province’, extend-
ing over north–northeast Africa and the Arabian
peninsula, was split into a western ‘Protobuntonia
numidica ostracod province’ (north Africa and western
Middle East) and an eastern ‘Kaesleria ostracod
province’ (eastern Arabia, South Iran and Somalia) by
Coniacian times. The separation of these distinct pro-
vinces persisted into the early Paleocene.

The ostracod assemblage of the Sidi Nasseur sections
belongs to ‘Protobuntonia numidica ostracod province’
(Luger, 2003, figs. 8, 9) as reflected in the high numbers
of ostracod taxa in common with Egyptian and Israeli
sections of equivalent age (Table 3). Some faunal ex-
change occurredwith the ‘West-Central African province’
as reflected by taxa as P. nigeriensis, P. sokotoensis and
O. vesiculosa. Such faunal exchanges occurred already
during the Maastrichtian (Luger, 2003).

The ostracod faunas of the Sidi Nasseur section also
belong to the South Tethyan Type (STT), as defined by
Bassiouni and Luger (1990) in Egypt. The faunal
distribution in Egypt is referred to here as there is
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Fig. 5. Relative frequency (%) of important ostracod taxa plotted against depth of the Sidi Nasseur sections, grey areas indicate zones of dissolution.
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Fig. 6. Comparison of the correspondence analysis of the different ostracods datasets. 227
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Fig. 7. Correspondence analyses of the NSF05NSCtot dataset. (A) first two axes of correspondence analysis plotted against depth of the Sidi Nasseur sections. (B) bivariate plot of the sample scores on
the first two axes resulting from correspondence analysis. (C) R-mode cluster (PAST software, correspondence analysis, hierarchical clustering, pearson correlation, paired-group) of ostracods species.
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Table 2
Species scores of correspondence of the Sidi Nasseur sections

Component

1 2

% of variance 18.18 13.60
Reticulina proteros 0.010875 −0.004418
Oertliella vesiculosa 0.01014 −0.004724
Cytheropteron lekefense 0.010043 −0.004145
Eucytherura aff. hassanieni 0.006805 −0.002481
Krithe echolsae 0.005669 −0.002656
Ordoniya bulaquensis 0.004519 0.000386
Pontocyprella recurva 0.003903 0.001255
Pontocypris sp. 0.003257 −0.000319
Xestoleberis ovata 0.003012 0.012101
Species A. 0.002399 −0.000285
Species C. 0.002237 0.001544
Cytheroptheron lugeri 0.002007 0.002075
Semicytherura sp. 0.001945 0.000618
Bythocypris eskeri 0.001938 −0.000969
Mauritsina coronata 0.00193 −0.003064
Cytherella sinaensis 0.001783 0.000136
Bythocypris adunca 0.001754 0.002659
Megommatocythere denticulata 0.001743 −0.001872
Paracypris jonesi 0.001711 −0.000581
Monoceratina sp. 0.001371 −0.000685
Paracypris nigeriensis 0.001252 5.61E−05
Paracypris sp. 0.00111 −0.000842
Loxoconcha blanckenhorni 0.000907 −0.000488
Bairdia malzi 0.000738 −0.000831
Cytherelloidea aff. melleguensis 0.000552 −0.000339
Bairdia sp. 0.000519 0.001711
Macrocypris sp. 0.000367 0.00121
Paracypris sp. B 0.000358 0.002056
Bythoceratina sp. 0.000174 0.00021
Oertliella posterotriangulata 6.05E− 05 −0.001676
Cytherella cf. lagenalis −2.91E− 05 −0.000354
Paracypris eskeri −3.51E− 05 0.000573
Bairdia septentrionalis −5.25E− 05 −0.000203
Species D. −7.11E− 05 −0.001812
Bythocypris boukharyi −0.000579 0.000618
Paracypris sokotoensis −0.000604 0.001219
Parakrithe crolifa −0.000614 0.007533
Loxoconcha sp. −0.000665 0.000191
Krithe cf. solomoni −0.000977 −0.000242
Cytheroptheron ventroliratum −0.001097 0.000599
Cytherella meijeri −0.001648 −4.50E− 05
Cytherelloidea ainshamsina −0.001884 0.001989
Mauritsina jordanica nodoreticulata −0.002366 −0.002119
Species B. −0.002826 4.14E− 05
Oertliella delicata −0.003589 −0.002348
Ordoniya ordoniya −0.004657 −0.005528
Protobuntonia nakkadii −0.00474 −0.000507
Paracosta parakefensis −0.005239 −0.002801
Cytheropteron sp. −0.007241 0.00078
Xestoleberis tunisiensis −0.007636 −0.002423
Cristaeleberis arabii −0.008731 −0.0078
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currently no refined paleobathymetrical distribution
model for ostracoda in Tunisia. Typical species for the
STT fauna type observed in the studied section are:
Bythocypris adunca, C. arabii, Cytheroptheron ventro-
liratum, Krithe cf. solomoni, K. echolsae, M. denticu-
lata, O. delicata, Oertliella posterotriangulata, O.
bulaqensis, O. ordoniya, M. coronata, M. jordanica
nodoreticulata, Paracosta parakefensis, Paracypris
eskeri, P. jonesi, Parakrithe crolifa (morphotype B), P.
recurva, R. proteros, and X. tunisiensis (Bassiouni and
Luger, 1990). The STTcharacterizes outer shelf to upper
slope environments and is mostly known from other
localities in North Africa and the Middle East. A few of
the observed species are typically restricted to shallower
environments and thus to other fauna types as defined in
Egypt): B. eskeri, L. blanckenhorni, P. nigeriensis and
Paracypris sokotoensis (Table 3). As they are rare in
the present assemblages, their occurrences might be
explained by displacement and have no implication for
the paleodepth estimates. Another species, O. vesicu-
losa, however, does occur in significant numbers in the
lower part of the section. In Egypt (Bassiouni and Luger,
1990), this species is typical for the transitional zone
between Garra (middle shelf) and Afro-Tethyan (inner
shelf) fauna types. As the benthic foraminiferal data
indicate outer neritic (N100m) deposition throughout the
Sidi Nasseur sections, O. vesiculosa apparently has a
wider bathymetric distribution, at least in Tunisia.

Although distinct faunal changes can be observed
around the main glauconitic level in the Sidi Nasseur
sections, the overall ostracod assemblages range within
the STT. If changes in water depth (sea level) are res-
ponsible for the changes in the ostracods assemblages,
they must have occurred within the outer shelf-upper
slope range of the STT. As the benthic foraminiferal data
indicate shallowing and more eutrophic conditions
across the glauconitic marker bed, it appears that the
observed changes in the ostracod assemblage of the Sidi
Nasseur sections are related to these parameters.

Previous studies on the ostracod fauna of El Kef
(Donze et al., 1982) and Elles (Said, 1978) covered a time-
interval from the late Cretaceous to the early Eocene
including the D/S transition. Although these studies did
not focus on this transition in particular, a comparison of
the ostracod assemblages in the three sections around the
D/S boundary interval proves instructive. The planktic
foraminiferal zones were used to approximately identify
the D/S boundary interval. The ostracod assemblages in
El Kef and Elles are very similar to those observed in the
Sidi Nasseur sections. It is not possible to quantify the
similarity due to the large amount of open taxonomy used
by Said (1978) and Donze et al. (1982). However, 75% of
the species described by Esker (1968) from the Danian of
El Kef have been observed at Sidi Nasseur. Danian/
Selandian sediments in El Kef and Elles reflect a slightly



Table 3
Stratigraphic/geographic distribution and paleoenvironmental interpretation of studied ostracod taxa (data from Esker, 1968; Bassiouni, 1969;
Bassiouni, 1970; Donze et al., 1982; Honigstein, 1984; Bassiouni and Luger, 1990; Honigstein and Rosenfeld, 1995; Morsi, 1999 Bassiouni and
Morsi, 2000)
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deeper paleodepth than Sidi Nasseur, ∼ 200 m in the
Danian and∼ 150m in the Selandian (Guasti et al., 2006).
Yet the ostracod assemblages of all three sections belong
to the STT ostracod fauna as defined by Bassiouni and
Luger (1990). The depth range of the STTostracod fauna
appears to be too broad to estimate the paleobatymetrical
differences between different Tunisian sections, indepen-
dently. A refinement of outer shelf ostracod faunatypes as
defined by Bassiouni and Luger (1990) based on
quantitative instead of qualitative or semi-quantitative
data could allow for more detailed paleoenvironmental
reconstructions on the basis of ostracods.
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The transition in ostracod assemblages at the glauco-
nitic marker bed is also characterized by a change in
paleoproductivity as the environment evolves from an
oligotrophic to eutrophic setting at the P3a–P3b subzonal
transition (see also Guasti et al., 2006).

Donze et al. (1982, fig. 4) observed the replacement
of Krithe and Parakrithe morphotype 2 by morphotype
3 in the El Kef section around the P3a–P3b subzonal
transition. Our data show a similar evolution: with a mix
of K. echolsae (belonging to morphotype 2) and Krithe
cf. solomoni (belonging to morphotype 3) occurring
below the P3a–P3b subzonal transition, while only
Krithe cf. solomoni occurs frequently above it (Fig. 5).
Based on the hypothesis of Peypouquet (1979) that size
and shape of the anterior vestibulum of Krithe and
Parakrithe are related to oxygen levels, Donze et al.
(1982) constructed a curve of the estimated levels of
dissolved oxygen of the El Kef section. This curve
shows fluctuations around the P3a–P3b subzonal
transition and a general trend of decreasing O2-levels
during Subzone P3b. However, studies on the recent
distribution of Krithe and Parakrithe have provided
strong proof against the Peypouquet-hypothesis (What-
ley and Quanhong, 1993; van Harten, 1996) and there-
fore we refrain from interpreting the trends in the
Krithe-species in terms of oxygen levels. Although the
driving biological factor is unknown, it remains note-
worthy that both the El Kef and Sidi Nasseur sections
display the same trend. Another hypothesis, proposed
by van Harten (1995), explains the variability in the
vestibula of Krithe by differential sense perception and
food-detection. According to this hypothesis, the evolu-
tion in Krithe in El Kef and Sidi Nasseur are related to
food availability. This corresponds well with the ob-
served changes in paleoproductivity at the same level
(Guasti et al., 2006).

8. Tunisian Danian/Selandian boundary sections
(synthesis and comparison with other regions)

8.1. Stratigraphy

The D/S boundary interval in the Sidi Nasseur section
is characterized by at least two unconformities. The first
co-occurs with the P2/P3a subzonal boundary, coinciding
with the D/S boundary as recognized by Berggren et al.
(1995, fig. 1). The second unconformity occurs at the
base of the main glauconitic bed and coincides with the
P3a/P3b subzonal boundary. As demonstrated above, the
main biotic changes, both in ostracods and foraminifera,
occur at this level. We believe that the second
unconformity most likely correlates with the D/S
boundary in the type region. Recent work in Denmark
has demonstrated that the D/S boundary is situated near
the NP4/NP5 zonal boundary (Clemmensen and Thom-
sen, 2005). This corresponds to a level close to the P3a/
P3b subzonal boundary in the scheme of Berggren et al.
(1995). The position of the P2/P3 zonal boundary in the
North Sea Basin is uncertain. However, Schmitz et al.
(1998) place the D/S boundary in the Zumaya section, a
potential GSSP candidate, also near the NP4/NP5 zonal
boundary and well above the P2/P3a subzonal boundary.
Similar to the Danish basin, this level at Zumaya and in
other sections in northern Spain corresponds to a
remarkable change from limestone to marl deposition
(Schmitz et al., 1998; Baceta et al., 2006), a feature that
may relate to an important phase in the tectonic evolution
of the north Atlantic and NW Europe (Nielsen et al.,
2005). Also in Egypt, the main faunal changes in the D/S
transition occur just below to the P3a/b subzonal
boundary (Speijer, 2003; Guasti et al., 2005b) and appear
correlative to those in Tunisia (Guasti, 2005). Further-
more, the presence of a thick glauconite bed in the Sidi
Nasseur section in a similar stratigraphic position as the
Selandian Lellinge greensands in Denmark (e.g. Clem-
mensen and Thomsen, 2005) may be significant with
respect to changing depositional settings in the D/S
transition. Based on the arguments above, we conclude
that in the Sidi Nasseur section the D/S boundary is best
placed at the P3a/P3b subzonal boundary. Studies on
other Tunisian sections have shown similar faunal
changes at the P3a/P3b subzonal boundary (Donze et
al., 1982; Guasti et al., 2005a; 2006) suggesting the same
characterization of the D/S boundary. The glauconite bed
observed also at Elles (Guasti et al., 2006) and in theGarn
Halfaya section, between El Kef and Sidi Nasseur
(unpubl. data J. Sprong) indicates that the D/S boundary
in northern Tunisia is characterized by a regional hiatus
due to erosion of the top of Subzone P3a. If correct, this
would rule out any section in the Tunisian Trough as a
potential GSSP for the D/S boundary.

8.2. Sea-level and climate

Based on the sedimentologic and faunal changes, the
D/S transition in the Sidi Nasseur section is characterized
by an important sequence boundary (SB). In Egypt, this
interval is also characterized by a SB although it is
expressed quite differently in the sediments and biota.
The D/S transition in Egypt is characterized by a dark
brown organic-rich marl bed, similar to a black shale
(laminated, full of fish remains and planktic foraminif-
era; Speijer, 2003; Guasti et al., 2005b). Although, a
similar sea-level evolution was observed at the D/S
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transition in Tunisia, there is no indication of a D/S black
shale bed at Sidi Nasseur. Depositional conditions in the
early Selandian were different between the Tunisian
Trough and the Nile Valley Basin and erosion may have
removed the beds correlative to the black shale.

Also in the Zumaya section (Schmitz et al., 1998)
and in the North Sea Basin (Clemmensen and
Thomsen, 2005), the D/S transition is characterized
by an important SB. Some evidence indicates that sea-
level changes in this time-interval are of tectonic
nature (Nielsen et al., 2005). However, as shown by
the comparison of D/S transitions in different basins,
it appears that the sea-level changes at the D/S
boundary also comprise a eustatic signature and that
the Sel1-sequence (as defined by Hardenbol et al.,
1998 in the North Sea Basin) can be traced into
Africa. As the Paleocene is generally considered as an
ice-free, greenhouse world (Zachos et al., 2001), the
mechanism behind these eustatic sea-level fluctuations
is uncertain and thus the eustatic nature of these
events remains equivocal. Speijer (2003) speculated
on the existence of ice sheets in the Paleocene to
explain the eustatic sea-level change observed at the
D/S boundary in Egypt and more recently, Miller et
al. (2005) have argued that only glacioeustacy can
account for rapid eustatic sea-level change with
amplitudes N20 m in the late Cretaceous to early
Paleogene greenhouse.

9. Conclusions

The D/S boundary at Sidi Nasseur corresponds to a
sequence boundary as indicated by truncated ranges of
stratigraphic markers and at a glauconitic marker bed.
This bed coincides with changes in benthic forami-
niferal and ostracod assemblages. The R. proteros
assemblage, with the typical species R. proteros, O.
vesiculosa and C. lekefense, is gradually replaced by
the P. nakkadii assemblage, with the typical species
C. arabii, X. tunisiensis, Cytheropteron sp. and P.
nakkadii, at the D/S boundary. These changes are
related to an overall drop in sea level and a rise in
paleoproductivity. Similar faunal and lithological
changes have been observed in other Tunisian
sections. The D/S boundary in its type area and in
the proposed GSSP section of Zumaya is situated
within Subzone P3a. As a large part of this zone is
missing at Sidi Nasseur, the D/S boundary coincides
with the P3a/P3b subzonal boundary rendering this
section an unsuitable GSSP candidate. Yet in combi-
nation with other sections in the basin, the Sidi
Nasseur section provides an important window on
paleoenvironmental evolution during the earliest
Paleogene.
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