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ABSTRACT

Speijer, R.P., Schmitz, B., Aubry, M.-P., Charisi, S.D. 1995. The latest Paleocene
benthic extinction event: Punctuated turnover in outer neritic foraminiferal
faunas from Gebel Aweina, Egypt. Isr. J. Earth Sci. 44: 207-222.

We investigated the benthic foraminiferal record of the neritic sequence at Gebel
Aweina (Nile Valley, Egypt) in relation to the latest Paleocene deep-sea benthic
extinction event (BEE). At Gebel Aweina an expanded sequence, spanning calcareous
nannofossil Zones NP8-NPlO, is continuously exposed and yields calcareous micro-
fauna throughout. The BEE level is situated about halfway through Zone NP9 at 17 m
above the base of the Esna Formation. Detailed biostratigraphic and isotopic studies
have indicated that the sequence is (nearly?) complete across the upper Paleocene-
lower Eocene and, like elsewhere in Egypt and around the Mediterranean, the lowest
common occurrence of the planktonic marker Globanomalina luxorensis coincides
with the benthic foraminiferal extinction and the carbon isotopic excursion.

Some fifteen benthic taxa disappeared at the same level, amongst them taxa that
became globally extinct, such as Angulogavelinella avnimelechi, Coryphostoma
midwayensis. Neoeponides lunata, and Neoflabellina jarvisi. Due to outer neritic
(150-200 m; slightly deeper during late Biochron NP8) depositional conditions, deep-
sea taxa such as Bulimina trinitatensis, Gavelinella beccariiformis, and Gyroidinoides
globosus yield only scattered occurrences in a few samples. Despite a number of new
appearances, the post-BEE assemblages (in total, 70 different taxa, about 40 per
sample) remain impoverished relative to pre-BEE assemblages (in total, 91 taxa, about

55 per sample).
The Gebel Aweina sequence provides strong evidence that the latest Paleocene

BEE cannot be considered as a turnover that affected deep-sea benthic foraminifera
faunas exclusively; simultaneously, outer neritic faunas experienced a punctuated,
though less severe, evolutionary turnover.

~ }
INTRODUCTION

Lohmann, 1983; Thomas, 1992). This benthic extinc-
tion event (BEE) is now well documented for all oce-
anic basins and many bathyal continental margin sites,
and has been related to a major perturbation in oceanic
circulation (e.g. Miller et aI., 1987; Thomas, 1990a,b,
1992; Kennett and Stott, 1991; Nomura, 1991; Pak and
Miller, 1992; Kaiho et aI., 1993; Kaiho, 1994; Ortiz,
1994; Bralower et aI., 1995; Speijer, 1995; Thomas
and Shackleton, 1996). Extinction percentages varying

.'

The end of the Paleocene is marked by the most severe
extinction of deep-sea calcareous benthic foraminifera
of the last 90 my. The extinction of the "Gavelinella
beccariijormis assemblage" can be regarded as an im-
portant macroevolutionary step which involved the
replacement of "Cretaceous" deep-sea faunas by the
first truly Cenozoic deep-sea faunas (Tjalsma and

@ 1995 Laser Pages Publishing (1992) Ltd. 0021-2164/95 $4.00



208 Israel JournaL of Earth Sciences Vol. 44, 1995

between 33% and 65% have been calculated for indi-
vidual sites, clearly outnumbering deep-sea extinc-
tions (5-25%) at the CretaceouslPaleogene (K-Pg)
boundary (Beckmann, 1960; Thomas, ]990a; Kaiho,
1994).

The extinction of G. beccariiformis and associated
species is also the most striking feature in the Pale-
ocene-Early Eocene benthic succession in bathyal de-
posits from Egypt and southern Israel (Benjamini,
1992; Speijer, 1995). At the much shallower, middle
neritic (75-100 m) site of Gebel Duwi (Red Sea coast,
Egypt) environmentaldeteriorationcoinciding with
the latest Paleocene deep-sea event temporarilyled to
poorly diversified benthic assemblages; overall
though, the middle neritic taxonomic turnover is very
minor, since, apart from a small number of local disap-

pearances, only one species appears to have become
extinct (Speijer et aI., 1996). Similarly, Gibson et al.
(1993) and Gibson and Bybell (1995) found major

faunal changes, but few extinctions, in latest Pale-
ocene neritic sequences of the North American Atlan-
tic coast. A minor taxonomic turnover in neritic
smaller benthic foraminiferal assemblages concurs
with a generally held opinion that these "Midway-
type" assemblages remained largely unaffected during
the Paleocene-Eocene transition (Berggren and
Aubert, 1975; Berggren and Schnitker, 1983). In con-
trastto the main faunaleventsin the deepsea,the
taxonomic turnover in Tethyan continental margin as-
semblages was much more severe at the K-Pg transi-
tion, when a particularly large number of bi- and

triserial taxa became extinct (Speijer, 1994a; Speijer
and Van der Zwaan, 1996).

To investigate the nature of the BEE at intermediate
(i.e. outer neritic) depths in Egypt, we focus on the

benthic foraminiferal record of Gebe! Aweina, the fa-

mous outcrop of Upper Cretaceous and lower Paleo-
gene rocks on the eastern border of the Nile Valley

opposite the town of Esna (Fig. I; for a detailed local-

ity map, see EI-Naggar, 1966). The Paleocene and

lower Eocene stratigraphic record of Gebel A weina

has been the subject of several micropaleontological

studies (Said and Sabry, ]964; EI-Naggar, ]966;
Perch-Nielsen et aI., 1978; Said, ]990; EI-Dawoody,
1992; Speijer, 1994b; Speijer and Van der Zwaan,
1994) and, recently, of geochemical studies (Charisi
and Schmitz, 1995;Schmitzet aI., 1996).Until now,
the benthic foraminiferal record from this outcrop has
received little attention. In a preliminary report,
Speijer (1994b) reconstructed a foraminifera-based
paleodepth curve for the Paleocene of Gebel A weina,
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Fig. 1. Location of the Gebel Aweina outcrop in the Eastern

Desert, Egypt (from Charisi and Schmitz, 1995).

suggesting a shallowing sequence from 200-250 m
during late Biochron NP8 to 150-200 m during the
remainderof the latest Paleocene. Speijer and Van der
Zwaan (1994) included 16 samples from the upper

Paleocene to lower Eocene Esna Formation at A weina

in a comparative time-slice study on Egyptian bathyal

and neritic faunal sequences across the BEE. This

resulted in a paleobathymetric distribution framework

and inferences about the paleoenvironmental develop-

ment of the Egyptian epicontinental basin, suggesting
sea-floor oxygen deficiency in connection with the
BEE, followed by a prominent increase in surface and

bottom fertility. In this paper we focus in more detail
on the A weina faunal sequence itself (lower part Esna
Formation, i.e., upper Zone NP8 -lower Zone NPIO);
in particular, we compare the taxonomic turnover with
the deep-sea record.
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PALEOGEOGRAPHIC AND

PALEOBATHYMETRIC SETTING

The marls and shales of the Esna Formation are
widely distributed over Egypt, deposited in several
epicontinental basins which constitute the so-called
Egyptian "stable shelf' located on the northward-slop-
ing margin of the African craton (Said, 1962, 1990).
Gebel Aweina is situated in the eastern part of the
Assiut-Upper Nile basin (Hendriks et aI., 1990;
Hermina, 1990). In this area the lower part of the Esna
Formation is generally considered to represent an open
marine middle to deep mud-shelf facies, and to have
been deposited during maximum southward expansion
of the epicontinental sea (Hendriks et aI., 1987; Luger
1988; Said, 1990). Benthic foraminiferal assemblages
consisting predominantly of Anomalinoides, Bulim-
ina, Cibicidoides, and Spiroplectinella. and rare occur-
rences of deep-sea taxa (decreasing up-section) indi-
cate 15G-250 m paleodepth, shallowing upwards in
the lowennost part of the Esna Formation (Speijer,
1994b; Speijer and Van der Zwaan, 1994). This esti-
mate corresponds to inferred paleodepths for similar
faunas from Central Egypt (Luger, 1985) and Tunisia
(Aubert and Berggren, 1976; Salaj et aI., 1976; Saint-
Marc and Berggren, 1988; Saint-Marc, 1993). Assem-
blages from Gebel Aweina are very different from
both the contemporaneous middle neritic (75-100 m)
assemblages of Gebel Duwi (Red Sea coast) and the
bathyal (50G-700 m) assemblages of the Sinai and
southern Israel. They differ from the former in the
absence of typical shallow-water taxa such as
Frondicularia phosphatica, Gavelinella?, guineana,
and Anomalinoides aegyptiacus (Speijer et aI., 1996),
whereas they differ from the latter in the (near) ab-
sence of deep-sea taxa such as Gavelinella becca-
rilformis, Pullenia coryelli, and Nuttallides truempyi
that dominate the bathyal assemblages (Speijer, 1995).

LITHOLOGY AND STRATIGRAPHY

The Esna Formation is intercalated between two
widely distributed limestone units, the upper Pale-
ocene Tarawan Formation and the lower Eocene
Thebes Fonnation (Said, 1990). We subdivided the
studied (lower) part of the Esna Fonnation into four
lithological units A to D (Fig. 2). The base of the Esna
Formation is placed at the rather gradual contact be-
tween the 3-m-thick white and grey marls of unit A
and the underlying reddish limey bed at the top of the
Tarawan Fonnation. Unit A grades into the grey shaly
marls of unit B (14 m). A thin, 40-cm-thick unit C
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consists of a brown marl bed and is slightly calcare-
nlllC, due to abundant planktonic foraminifera. The
transition to the underlying unit B is sharp; numerous
macroscopic burrows extend to 5 cm down from unit C
into unit B. The transition from unjt C to the brown-
green marly shales of unit D (17m) is again gradual.

Biostratigraphically, the studied part of the profile
extends from the upper part of calcareous nannoplank-
ton Zone NP8 to the lower part of Zone NPIO, follow-
ing the biozonal criteria of Martini (1971). The NP81
NP9 and NP9/NPIO zonal boundaries, as defined by
the lowest occurrence (LO) of Discoaster multiradia-
tus and the LO of Tribrachiatus bramlettei, respec-
tively (Martini, 1971), are situated at 5 m and 26 m
respectively, above the base of the Esna Formatio~
(Fig. 2). According to criteria outlined in Aubry et al.
(1988), the entire studied interval belongs to the latest
Paleocene. A more detailed discussion on the ca1care-
ous nannofossil zonation at Aweina will be given in
Aubry et al. (in progress).

In many sections around the Mediterranean, and in
particular in Egypt, the lowest common occurrence
(LCO) of the planktonic foraminifera Globanomalina
luxorensis is closely associated with the BEE (Speijer
and Samir, 1996). In Gebel Aweina, the LCO of G.
luxorensis is situated at 17 m above the base of the
Esna Fonnation, at the base of unit C.

The whole-rock o"C record shows a gradual 1.1%,
negative trend from the upper part of Zone NP8 into
Zone NP9 (Fig. 2). The lithological transition from
unit B to unit C is marked by a sharp 1.3%0negative
shift, fonowed by a minor increase in oDe values.
Similar carb~n isotopic results were established previ-
ously in several deep-sea records (e.g., Kennett and
Stott, 1990; Katz and Miller, 1991; Corfield and
Cartlidge, 1992; Pak and Miller, 1992; Bralower et aI.,
1995), suggesting that this curve largely represents
global trends in the o"C record. The coincidence of the
LCO of G. luxorensis and the sharp carbon isotopic
shift in the middle part of Zone NP9 indicate that this
level correlates with the BEE and isotopic excursions
recorded in the deep-sea (e.g., Kennett and Stott,
1991). A more detailed account of stable isotopic
(whole-rock and foraminifera) results of the Paleocene
Aweina section is given in Charisi and Schmitz (1995)
and Schmitz et al. (1996).

i
MATERIAL AND METHODS

We studied 22 samples from the lowennost 34 m of the
Esna Formation. Rock samples were processed ac-
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cording to standard micropaleontological procedures.
First, each sample was dried at 60°C for at least 24 h.
Subsequently, about 50 g of dry rock was soaked in a
0.5 M Na,eO) solution. After disintegration, the
sample was washed over sieves of 595-llm, 125-llm,
and 63-llm mesh size. When the residue still contained
sediment aggregates, the procedure was repeated. The
> I25-llm fraction of each sample was scanned for up
to one hour in order to encounter even the rarest taxa
and to determine taxa richness. Most common and/or
diagnostic taxa were identified at the species level,
although sometimes placed in open nomenclature.
Some taxa displayed such a high degree of morpho-
logical variability, or such variable preservation, that
they were only identified at generic or higher level.
Taxonomy of the most common taxa has been dis-
cussed in Speijer (1994a); a taxonomic reference list is
given in the Appendix. Preservation of the fauna is
generally moderate, but varies between very good
(e.g., at +26.5 m) and poor (e.g., at +23.5 m). Some
postmortem dissolution appears to have affected most
samples, but was most severe between +23.5 m and
+25.5 m, judging from PIB ratios, abrasion, average
size, foraminiferal numbers, and relative proportion of
trochamminids (see also Speijer and Van der Zwaan,
1994).

FAUNAL TURNOVER AT AWEINA

We identified 99 different taxa (Fig. 3) in the basal
34 m of the Esna Formation; 91 taxa in lithologic units
A and B, versus 70 taxa in units e and D. Yet, the total
number of species would have been considerably
higher if some taxa, particularly Nodosariacaea and
trochamminids, had not been ranked at generic or
higher level. Twenty-nine taxa were observed only in
units A or B, whereas merely 8 taxa are restricted to
units C or D. Taxa richness (total number of taxa
distinguished per sample) is quite high (50-60) in
units A and B and decreases sharply to 40 at the base of
unit e, followed by a further decrease to 15 in the
lower part of unit D (Fig. 2). Higher up in unit D these
values increase to 40-50. The sharp drop in taxa rich-
ness at the base of unit C coincides with both a sharp
increase in the cumulative number of highest o~cur-
rences (HOs) and a distinct but modest increase in the
cumulative number of LOs. Fifteen taxa, such as
Angulogavelinella avnimelechi, Coryphostoma
midwayensis, Neoeponides lunata, Neoflabellina
jarvisi, and Valvulineria? insueta as well as some taxa
of uncertajn or unspecified taxonomic status (Fig. 3),
have their HO at the top of unit B. These 15 taxa have
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a more or less consistent stratigraphic range, occurring
in at least four samples of units A and B. Fourteen
other taxa, such as Bulimina trinitatensis, Gavelinella
beccariiformis, Gyroidinoides globosus, and Neofla-
bellina semireticulata, have a HO further down in
units A and B. However, these are taxa with a more
sporadic occurrence, whose full stratigraphic range is
difficult to establish and may suffer from Ihe Signor-
Lipps effect. All but two of these 14 taxa occur only in
three samples or less. Another four taxa, including
Aragonia aragonensis, Cibicidoides alIeni, and
Gyroidinoides girardanus disappear within unit C
and a large number of taxa, e.g., Anomalinoides
rubiginosus, Cibicidoides pseudoacutus, Pulsipho.
nina wi/coxensis and many taxa of unspecified taxo-
nomic status, have a HO at various levels within unit
D. The further dramatic drop in taxa richness in the
lower part of unit D has only a modest correlative
increase in the cumulative HO curve, reflecting that
many taxa are only absent in a short stratigraphic
interval (Fig. 3).

A large number of taxa have a LO (e.g., A. aragon-
ensis. B. trinitatensis, G. globosus. Pseudo uvigerina
plummerae, and Tappanina selmensis) in units A and
B. However, a majority of these taxa have been ob-
served further down in the Paleocene Aweina se-
quence (unpubl. data of RPS) and cannot be consid-
ered as new taxa at Aweina. Other taxa, such as
Cibicidoides pharaonis, Gaudryina sp. I, Pseudou-
vigerina sp. 1, P. wilcoxensis, and Stflinforthia sp.t,
have not been found in older deposits at Aweina and
appear to have a true LO in unit e. In addition, we
suspect that the LO of Anomalinoides zitteli and
Gaudryina cf. ellisorae just below unit e may result
from downward displacement through bioturbation:
both taxa are fairly abundant in the lowermost sample
of unit C, whereas only a few specimens were ob-
served in the uppermost sample of unit B. Three taxa,
A. zitteli, C. pharaonis, and, Stainforthia sp. 1, that
first appear close to the base of unit e have a fairly
continuous upward distribution. Another three taxa
appear higher up in unit D, but of these only
Haplophragmoides spp. have a consistent distribution.
Despite the newly appearing taxa in units e and D, the
faunas remain impoverished relative to units A and B
due to the large number of HOs at the base of unit C.

RELATION TO THE DEEP-SEA BEE

As outlined above, both the LeO of Globano-
malina luxorensis and the carbon isotope shift indicate
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Fig. 3. Ranges of benthic foraminiferal taxa in the Gebel Aweina section. The latest Ealeocene BEE is marked by numerous
disappearances. many of which are considered to be true extinctions. In contrast, very few of the pre- and post-BEE
disappearances are known to be true extinctions and partly relate to paleodepth and shallowing (for discussion see text).

that the transition between units Band C correlates
with the level of the deep-sea BEE. This level is
marked by a sharp drop in benthic foraminiferal taxa
richness and by a large number of HOs as well as a few
LOs, indicating an important punctuated faunal turn-
over at outer neritic depths in the southern Tethyan
realm correlative with the deep-sea BEE.

To place our fauna] record in a global deep-sea
perspective we compiled all available data on late
Paleocene-early Eocene benthic foraminifera distribu-
tions from numerous DSDP-ODP sites and land-based

sections (Table 1). From these dala we filiered the
most frequently observed taxa that became extinct at
or near the BEE, i.e., in an inlerval that roughly corre-
sponds to the upper part of planktonic foraminifera
Zone P4 and Zone P5 of Berggren et aL (1995), and 10
calcareous nannofossil zones NP8 to NPIO of Martini
(197]). This may seem a rather imprecise methodol-
ogy, but note that this compilation is based on a hetero-
geneous, multi-authored database, yielding high and
low resolution records, quantitative and qualitative
studies, complete and incomplete sedimentary se-
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Fig. 3 (continued).

qucnces, various taxonomical concepts, and biostratig-
raphies (planktonic foraminifera and/or calcareous
nannofossils). An these factors contribute to prevent a
precise establishment of the HO of individual species.
Nevertheless, since recent integrated high-resolution
studies on the deep-sea faunal and isotopic trends have
clearly established the global synchrony of the BEE
(on a geological timescale) (e.g., Kennett and Stott,
1991; Pak and Miller, 1992; Bralower et a!., 1995;
Thomas and Shackleton, 1996), we relate the extinc-
tion of most taxa in Table I to the global faunal turn-
over, although at individual sites some taxa may have

I

T
.........

I

I

I

I
I 1111,

III

I
I II

I

disappear~d earlier, and occasionally even later. With
respect to the detennination of stratigraphic ranges, it
must further be noted that DSDP-ODP samples are
small and often contain less than a thousand benthic
specimens in the widely used size classes of >125 Jlm
or >150 J.lm(e.g., Schnitker, 1979; Pak and Miller,
1992), so that the ranges of rare taxa may be incom-
plete.

Species that disappeared close to the level of the
BEE in some sections but ranged higher in others are
not included in this comparison. This applies, for in-
stance, to the cosmopolitan species Gaudryina
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pyramidata. We included species such as Bulimina
midwayensis, B. velascoensis, and Gyroidinoides
globosus that disappear at the level of the BEE in most
sections, but persist above it in a few others (Table I);
we can only speculate whether these taxa range across
the BEE due to local survivorship, reworking, or dif-
ferences in taxonomic concepts.

Table I shows that among the taxa that became
extinct during the BEE, Gaveline/la beccariiformis
was the most cosmopolitan deep-sea taxon during the
late Paleocene. It was recorded at all but two sites.
Other taxa that appear to have had a virtually truly
cosmopolitan distribution during the late Paleocene
are, e.g., Bolivinoides delicatulus, Bulimina midway-
ensis, Coryphostoma midwayensis, G. globosus, Neo-
flabe/lina spp., and Pullenia coryelli.

Six species (Alabamina sp. I, Gaudryina inflata,
Marginulinopsis tuberculata, Spiroplectinella knebeli,
S. cr. spectabilis, and Valvulineria? insueta) that dis-
appeared at the BEE level in Gebel Aweina do not
have an established extinction record in the deep sea,
three obviously because of their unspecified or uncer-
tain taxonomic status. The cosmopolitan "Midway-
type" species M. tuberculata (Berggren and Aubert,
1975) only disappeared temporarily; it occurs higher
up in Zone NPIO in the Aweina section (unpublished
data of RPS). Valvulineria? insueta seems to be a
Tethyan (including the Caribbean) species. It was first
described from the Paleocene of Cuba (Cushman and
Bermudez, 1948) and it was also found in the upper
Paleocene of EI Kef, Tunisia (recorded as Eponides
sp.) by Salaj et a!. (1976) and at Gebel Duwi (Red Sea
coast, Egypt) by Speijer et aI. (1996). At the latter
locality it disappears just below the level of the BEE,
suggesting that this species might indeed be restricted
to the pre-BEE benthic foraminiferal record. Three
other species of unspecified or uncertain taxonomic
status (Cibicidoides cr. hyphalus, Nuttallides sp. I, and
Hanzawaia cf. caribaea) have also been observed in
two sections in the Sinai and Negev, where they disap-
pear simultaneously with G. beccariiformis and other
deep-sea taxa during the BEE (Speijer, 1995). These
taxa may be endemic to the Middle East region. Fur-
ther work is required to establish their taxonomic sta-
tus and Late Paleocene biogeographic distributions.

It is the extinction of four well-known taxa that
clearly links the faunal turnover at Gebel Aweina with
the deep-sea event: Angulogave/inella avnimelechi, C.
midwayensis, Neoeponides lunata, and Neoflabellina
jarvisi are all known to have had a widespread
(Tethyan to cosmopolitan) distribution, before becom-
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ing extinct in the latest Paleocene. At Gebel Aweina
the most conspicuous of these extinctions is that of A.
avnimelechi. This robust and unmistakable species is a
very common constituent of most samples of units A
and B. In outer neritic deposits elswhere in Egypt, the
HO of A. avnimelechi is also observed in the basal part
of the Esna Formation (LeRoy, 1953; Luger, 1985). As
in Gebel Aweina, it is closely followed by the LCO of
G. luxorensis (included in Pseudohastigerina
wilcoxensis in Luger, 1985), thereby marking the BEE
(Speijer and Samir, 1996). In Tethyan (perhaps includ-
ing Caribbean) bathyal deposits, the disappearance of
A. avnimelechi coincides with that of cosmopolitan
deep-water species such as G. beccariiformis and P.
coryelli (Van Morkhoven et aI., 1986; Ortiz, 1994;
Speijer, 1995). In Egyptian outer neritic deposits,
where such deep-water species are rare or absent, the
extinction of A. avnime/echi would appear to be a good
alternative marker for the BEE in the Tethyan realm.
However, because of its outer neritic upper depth limit
(see also Van Morkhoven et aI., 1986), it cannot be
used reliably as a biostratigraphic IT,lrker in shallower
neritic sites.

The extinction of the conspicuous A. avnimelechi
has been used as a biostratigraphic marker in a previ-
ous study: in combination with the extinction of N.
jarvisi it marks the top of Zone BB 1 in the Cenozoic
bathyal benthic foraminiferal biozonation proposed by
Berggren and Miller (1989). However, the data in our
compilation and occurrences given by Van
Morkhoven et a!. (1986) and Weidich (1995) clearly
indicate that A. avnimelechi was rather restricted to
the Para-Tethyan and Tethyan realm (possibly includ-
ing the Caribbean). The likewise distinct G. becca-
riiformis whh its truly cosmopolitan distribution ap-
pears to be a much better candidate as a zonal marker
(perhaps in combination with P. coryelli or Neofla-
bellina spp.) for a bathyal biozonation, just as it is in
the abyssal (>2000 m depth) benthic foraminiferal
zonation of Berggren and Miller (1989).

PALEODEPTH AND DEPTH-RELATED
GRADIENTS IN FAUNAL TURNOVER

The benthic foraminiferal record of Gebel Aweina
may superficially suggest a gradual or stepwise extinc-
tion pattern. As pointed out, however, all but two out
of 14 pre-BEE disappearances concern rare taxa that
are present in only three samples or less. Eight of these
14 taxa (e.g., Bulimina trinitatensis, Buliminella
beaumonti, Gyroidinoides globosus, Neoflabellina
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Plate I. Magnifications x75 unless indicated otherwise. 1 Lenticulina sp., sample +26.5 ill, Zone NPlO (x37.5); 2 Gaudryina

inflata Israelski, sample + 11.5 ro, Zone NP9 (x3? .5); 3 Buliminafarafraensis LeRoy, sample +26.5 ill, Zone NPI 0; 4 Bulimina

midwayensis Cushman and Parker, sample +26.5 ill, Zone NPIO; 5 5porobulimina eocaena Bykova. sample +15.5 m, Zone

NP9; 6 Bulimina callahani Galloway and MOITcy, sample +38.5 ill, Zone NPIO; 7 Bulimina thanetensis Cushman and Parker.
sample + 15.5 m, Zone NP9; 8 Loxostomoides applinae (Plummer), sample + 15.5 ill, Zone NP9 (x37.5); 9 Pseudouvigerina sp.

1, sample +26.5 ill, Zone NPlO (x37.5); 10 Turrilina brevispira Ten Dam, sample +38.5 m, Zone NPlO; lIA-C Alabarnina

rnidwayensis Brotzen, sample +26.5 m, Zone NPJO.
.

semireticulata, and Nonion havanense) are known to
extend up to, or beyond, the BEE level elsewhere in
Egypt as well as in the deep sea. Many of the HOs
above the BEE (e.g., of Anomalinoides rubiginosus, A.
cf. rubiginosus, Aragonia aragonensis, Cibicidoides
alleni, C. pseudoacutus, Gyroidinoides girardanus,
and Pulsiphonina wilcoxensis) are also only local,
since they have been encountered in younger deposits
at other Egyptian sites (Speijer, 1995; Speijer et aI.,
1996). In contrast, Ihe 15 taxa with a HO at Ihe BEE
level are common taxa and most of them have a well-
established extinction record related to the BEE else-
where. Thus, the disappearancesat Gebel Aweina can
roughly be divided into two groups: those which corre-
late with the deep-sea BEE and are mostly true extinc-
tions and those which are generally only local and

appear not directly related to the global event.
Many of the rare taxa which have their HO below

the top of unit B are well-known bathyal taxa: B.
trinitatensis, B. beaumonti, Dorothia oxycona, G.
beccariiformis, G. globosus, N. semireticulata, and N.
havanense are generally common at upper-middle
bathyal sites in the Sinai and Negev (Speijer, 1995),
where they range up to, or beyond, the level of the
BEE. Their rarity at Gebel Aweina is due to the shal-
low water depth, the overall limiting ecological factor
for these taxa in this region. In addition, the disappear-
ance of these taxa within units A and B probably
reflects a superimposed shallowing trend from 20G-
250 m to ISG-200 m across the NP8/NP9 biozonal
boundary, as previously suggested (Speijer, 1994b).
However, we cannotentirely ruleout a possible contri-
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Plate II. All magnifications x75. All specimens from sample +26.5 m, Zone NPIO. I Globocassidulina subglobosa Brady; 2A-
C Anoma/inoides affinis (Hantken); 3A-C Valvu/ineria scrobiculata (Schwager); 4A-C Osangularia plummerae Brotzen.

bution of the Signor-Lipps effect on the observed
distribution pattern.

Since most taxa that disappear at the BEE level are
also taxa that are generally restricted to outer neritic
and deeper waters, it might be argued that their disap-
pearance at Aweina is also related to a relative sea-
leve] fall. For two reasons we think that a shallowing
in mid Zone NP9, causing merely local disappear-
ances, is unlikely. (1) The same taxa became extinct
simultaneously in bathyal deposits of the Midd]e East
as well as in the deep sea, for which changes in
paleodepth certainly cannot account; (2) Aragonia
aragonensis and Bulimina callaham., generally re-
garded as deep-sea taxa (Tjalsma and Lohmann, 1983;
Van Morkhoven et a!., ]986), and indeed unknown
from middle neritic deposits in Egypt (Luger, 1985;
Speijer et a!., 1996), range well across the BEE level
(the latter into Zone NPIO) at Gebel Aweina, suggest-
ing outer neritic conditionsthroughout the deposition
of the studied stratigraphic interval. A ratherstable sea

level across the BEE was also deduced from benthic
foraminiferaassemblages of the middle neritic record
of Gebel Duwi (Speijer et a!., 1996).

Extinction percentages across the BEE in deep-sea
sections range between 33% and 65% (Beckmann,
1960; Thomas, 1990a; Kaiho, 1994). Note, however,
that these values concern the proportion of 10caJIy
disappearing taxa during the faunal turnover, which

only in part are true, global extinctions. Applying the
same type of calculation as in Kaiho (1994) to the data
set of the two bathyal sections of the Negev and Sinai
(Speijer, 1995 and unpublished data of RPS), we find

extinction percentzges of 43% and 49%, respectively,
which is well in the range of the other deep-sea sec-
tions. According to Kaiho (1994), the New Jersey
middle-outer neritic benthic succession studied by
Gibson et a!. (1993) yields an extinction percentage of
22%. Similarly, data of the middle neritic Gebel Duwi
sequence presented in Speijer et a!. (1996) indicate an
extinction percentage of 20% (two out of ten taxa
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present in the uppennost pre-BEE sample disappeared
during the BEE at Duwi). Both benthic diversity and
the absolute number of disappearances during the BEE
atAweina aremuch greater than atDuwi, resulting in a
slightly higher extinction percentage of 25% for
Aweina (] 5 disappearances at the base of unit C re]a-
tive to the 6] taxa present in the uppennost sample of
unit B). It must be noted, however, that the data sets of
Gibson et al. (1993) and Speijer et al. (1996) are not
fully comparable with the data presented here, since
only distributional data of the common taxa were pub-

lished, which may give a somewhat distorted pattern.
Nevertheless, we believe that a general trend of de-

creasing extinction percentages from the deep sea to-
wards shallower (Tethyan) neritic depths is realistic.
Also, the data presented here emphasize that the BEE
cannot be considered as an exclusively deep-sea phe-
nomenon; dramatic faunal and paleoenvironmental
changes that occurred simultaneously in the neritic
realm should not be underestimated (see also Gibson
eLaI., 1993; Speijer and Van der Zwaan, 1994; Gibson
and Bybell, 1995; Schmitz et aI., ]996; Speijer et aI.,
1996).

CONCLUSIONS

The outcr neritic upperPaleocene-lower Eocene marl-
shale sequence of the Esna Formation at Gebel
Aweina is marked by the disappearance of 15 benthic
foraminiferal taxa at a level that correlates with the
deep-sea BEE. Some disappearances may be only lo-
cal, but most have also been recorded in coeval bathyal
deposits of northern Egypt and southern Israel and/or
in deep-sea sediments elsewhere, suggesting that these
disappearances are true extinctions.

In contrast to most high resolution deep-sea records
the disappearance of G. beccariiformis(as well as a
few other deep-sea taxa) precedes the BEE at Gebel
Aweina. This probably is related to the shallow
paleodepth and shallowing upwards. In Tethyan outer
neritic sites the disappearance of A. avnimelechi may
be a better biostratigraphic marker for the level of the
BEE.

To regard the latest Paleocene BEE simply as a
deep-sea event is clearly an oversimplification. Neritic
benthic ecosystems were at the same time severely
perturbed. However, the relative and absolute numbers
of extinctions clearly decrease towards shallower sites
at the southern Tethyan margin.
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APPENDIX

FAUNAL REFERENCE LIST

Systematic studies (brief taxonomic discussions, SEM figw
ures, synonymies, and references) of most taxa encountered

at Gebel Aweina are given in the doctoral thesis of the senior
author (Speijer, 1994a). For the remaining taxa we refer to
other appropriate primary or secondary taxonomic literature.

A/abarnina midwayensis Brotzen [PI. I, fig. lla-c]. Speijer,
1994a: Ch. V: p. 114, pI. 3, fig. 2; Ch. VI: p. 160, pI. 6,
fig. 3.

Allornorphina conica Cushman and Todd. Yon Hillebrandt,
1962: p. 90, pI. 6, fig. 21.

Allomorphina trochoides (Reuss). Dailey, 1983: p. 766, pI.
4, fig. 8.

Angu/ogave/ineL/a avnirnelechi (Reiss). Speijer, 1994a: Ch.
VI: p. 166, pI. 3, fig. 7.

Anornalinoides affinis (Hantken) [pI. 2, fig. 2a-c]. Speijer,
1994a: Ch.lI: p. 58. pI. 6, fig. I; Ch. VI: p. 162, pI. 3, fig. 6.

Anornalinoides cf. rnidwayensis (Plummer). Speijer, I994a:
Ch. VI: p. 164. pI. 2, fig. 5.

Anomalinoides praeacutus (Vasilenko). Speijer, 1994a: Ch.
II: p. 60, pI. 8. fig. I; Ch. V: p. 116, pI. 5, figs. 4-6; Ch.
VI: p. 164, pI. 7, fig. 2.

Anomalinoides rubiginosus (Cushman)- Speijer, 1994a: Ch.
II: p. 60, pI. 8, fig. 3; Ch. VI: p. 164, pI. 1, fig. 5.

Anomalinoides zitteLi (LeRoy). Speijer, 1994a: Ch. V: p.
118, pI. 5, fig. I; Ch. VI: p. 166, pI. 7, fig. I.

Aragonia aragonensis (Nuttall). Van Morkhoven et aI.,
1986: p. 308. pIs. 10 1a--<:.

Bulimina callahani Galloway and Morrey [PI. I, fig. 6].
Speijer, 1994a: Ch. VI: p. 152, pI. 3, fig. 3.

BuLiminafarafraensis LeRoy [PI. I, fig. 3]. Speijer, 1994a:
Ch. V: p. 110, pI. 1, fig. 8; Ch. VI: p. 152, pI. 5, fig. 4.

Bulimina rnidwayensis Cushman and Parker [PI. I, fig. 4].
Speijer, 1994a: Ch. V: p. 110, pI. I, fig. 9; Ch. VI: p. 152,
pI. 5, fig. 3.

Bulimina quadrata-ovata plexus. Speijer, 1994a: Ch. II: p.
50. pI. 7, fig. 4; Ch. V: p. 110. pI. 1, fig. 10; Ch VI: p. 154,
pI. 8, figs. 6,7.



R. Speijer et al. Punctuated turnover in outer neritic foraminifera from Egypt

Bulimina strobila Marie. Speijer, 1994a: Ch. II: p. 50, pI. 7,
fig. 3.

Bulimina thanetensis Cushman and Parker [PI. 1, fig. 7].
Tjalsma and Lohmann, 1983: p. 26, pI. 12, fig. 5.

Bulimina trinitatensis Cushman and Jarvis. Speijer, 1994a:
Ch. VI: p. 154, pI. 2, fig. 3.

Buliminella beaumonti Cushman and Renz. Tjalsma and
Lohmann, 1983: p. 9, pI. 3, figs. 5-7.

Cibicidoides alIeni (Plummer). Aubert and Berggren, 1976:
p. 431, pI. 10, fig. 2.

Cibicidoides cf. hyphalus (Fisher). Speijer, 1994a: Ch. II: p.
54, pI. 5, figs. 2-3; Ch. VI: p. 156, pI. 4, fig. 4.

Cibicidoides cf. pseudoperlucidus (Bykova). Speijer, 1994a:
Ch. V: p. 114, pI. 2, fig. 2; Ch. VI: p. 158, pI. 6, fig. 1.

Cibicidoides pharaonis (LeRoy). Speijer. 1994a: Ch. VI: p.
156, pI. 4, fig. 3.

Cibicidoides pseudoacutus (Nakkady). Speijer. 1994a: Ch.
II: p. 54, pI. 7, fig. 6; Ch. VI: p. 158, pI. 4, fig. 2.

Cibicidoides succedens (Brotzen). Speijer. 1994a: Ch. V: p.
114, pI. 2, fig. I; Ch. VI: p. 158, pI. 6, fig. 2.

Citharina plumoides (Plummer). Aubert and Berggren,
1976: p. 413, pI. 2, fig. 8.

Coryphostoma midwayensis (Cushman). Van Morkhoven et
aI., 1986: p. 364, pI. 118, fig. 1.

Dorothia oxycona (Reuss). Aubert and Berggren, 1976: p.
410, pI. 1, fig. 14.

Gaudryina cf. ellisorae Cushman. Speijer, 1994a: Ch. V: p.
108, pI. 1, fig. 3; Ch. VI: p. 147, p1.5, fig. 1.

Gaudryina inflata Israelski [PI. 1, fig. 2]. Aubert and
Berggren, 1976: p. 410, pI. 1, fig. 11.

Gavelinella beccariifonnis (White). Speijer, 1994a: Ch. II:
p. 62, pI. 10, fig. 4; Ch. VI: p. 168, pI. 1, fig. 4.

Globocassidulina subglobosa Brady [PI. 2, fig. I]. Speijer,
1994a: Ch. VI: p. 150, pI. 3, fig. 5.

Glomospira charoides (Jones and Parker). Aubert and
Berggren, 1976: p. 408, pI. 1, fig. 3.

Gyroidinoides girardanus (Reuss). Speijer. 1994a: Ch. V: p.
118, pI. 3, fig. 3; Ch. VI: p. 166, pI. 8, fig. 9.

Gyroidinoides globosus (Hagenow). Van Morkhoven et aI.,
1986: p. 329, pI. 107.

Gyroidinoides octocameratus (Cushman and Hanna).
Speijer, 1994a: Ch. II: p. 62, pI. 4, fig. 4.

Gyroidinoides sp. 1. Speijer, 1994a: Ch. VI: p. 166, pI. 2, fig. 2.
Hanzawaia cf. caribaea (Cushmanand Bennudez). = cf. H.

caribaea in Tjalsma and Lohmann, 1983: p. 31, pI. 16.
fig. 8.

Loxostomoides applinae (plummer) [PI. 1, fig. 8]. Speijer.
1994a: Ch II: p. 46, pI. 4, fig. 3; Ch. V: p. 109, pI. I, fig.
11; Ch. VI: p. 148, pI. 8, figs. 1,2.

Marginulinopsis tuberculata (Plummer). Aubert and
Berggren, 1976: p. 416, pI. 3, fig. 6.

Neoeponides lunata (Brotzen). = N. cf. lunata in Tjalsma
and Lohmann, 1983: p. 16, pI. 7, fig. 10.

Neoflabellina jarvisi (Cushman). Van Morkhoven et aI.,
1986: p. 361, pI. 117, figs. 1,2.

Neoflabellina semireticulata (Cushman and Jarvis). Van
Morkhoven et aI., 1986: p. 369, pI. 120, figs. 1,2.

Nonion havanense Cushman and Bermudez. Tjalsma and
Lohmann, 1983: 17, pI. 7, fig. 6.
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Oridors<llis plummerae (Cushman). Speijer. 1994a: Ch. II:
p. 58, pI. 6, fig. 8: Ch. V: p. 116, pI. 4, figs. 5,7; Ch. VI: p.
162, pI. 5, fig. 8.

Osangularia plummerae Brotzen [PI. 2. fig. 4a-c].
Speijer, 1994a: Ch II: p. 56, pI. 7, fig. 5; Ch. VI: p. 160,
pI. 4, fig. 1.

Pseudoglandulifl(l manifesta (Reuss). Aubert and Berggren.
1976: p. 417, pI. 4, fig. 2.

Pseudouvigerina plummerae Cushman. Speijer, 1994a: Ch
II: p. 48, pI. 4, fig. 2.

Pseudouvigerina sp. 1 [PI. 1, fig. 9].
Pullenia americana Cushman. Cushman and Todd. 1943: p.

7, pI. 1, fig. 16.
Pullenia cretacea Cushman.Cushmanand Todd, 1943: p. 7,

pI. 1, fig. 14.
Pulleniajarvisi Cushman. Cushman and Todd. 1943: p. 9.

pI. 1, fig. 15.
Pulsiphonina wilcoxensis (Cushman). Speijer, 1994a: Ch. V:

p. 112, pI. 2, fig. 4.
Siphogenerinoides eleganta (Plummer). Speijer. 1994a: Ch.

V: p. 110, pI. 1, fig. 6; Ch. VI: pp. 150, 152, pI. 5, figs. 5-6.
Spiroplectinella knebeli (LeRoy). LeRoy, 1953: p. 51, pI. 2,

figs. 10,11.
Spiroplectinella dentata-esnaensis plexus. Includes S.

esnaensis (LeRoy) in Speijer, 1994a: Ch. VI: p. 147, pI.
3, fig. 1, and S. dentata (Alth) in Aubert and Berggren.
1976: p. 408, pI. 1, fig. 5.

Sporobulimina eocaefl(l Bykova [PI. I, fig. 5]. Aubert and
Berggren, 1976: p. 419, pI. 4, fig. 9.

Stainforthia sp. 1. Speijer, 1994a: Ch. VI: p. 150, pI. 8, fig. 5.
Tappanina selmensis (Cushman). Speijer, 1994a: Ch II:

~~~~~2
. .

Turrilina brevispira ten Darn [PI. 1, fig. 10]. Speijer, 1994a:
Ch. VI: p. 150, pI. 3, fig. 4.

Valvalabamina depressa (A1th). Speijer, 1994a: Ch. II: p.
56, pI. 4, fig. 5; Ch. V: p. 114, pI. 3, fig. I; Ch. VI: p. 160,
pi. 5, fig. 7.

Valvalabamina planuLata (Cushman and Renz). Speijer,
1994a: Ch. VI: p. 160, pI. 8, fig. 3.

Valvulineria scrobiculata (Schwager) [PI. 2. fig. 3a-c].
Speijer, 1994a: Ch. V: p. 112, pI. 4, figs. 1-3; Ch. VI: p.
154, pI. 8, fig. 8.

Valvulineria? insueta Cushman and Bermudez. Speijer.
1994a: Ch. V: p. 112, pI. 3, fig. 4.

Vulvulina mexicana Nuttall. Tjalsma and Lohmann. 1983: p.
38, pI. 10, figs. 6,7.
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