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Abstract

During the late Maastrichtian (66.8^65.5 Ma) the Asyut Basin in central Egypt experienced a breakdown of the
surface to bottom gradient of the 13C/12C ratio with planktic N

13C values 0.2^0.8x lighter than benthic values.
Planktic foraminiferal species diversity was reduced by more than 50%, with assemblages dominated (60^90%) by the
opportunistic blooms of the disaster species Guembelitria cretacea, which mimic the early Danian. The prolonged
breakdown in productivity occurred during a time of tectonic activity and increased terrestrial runoff that may have
resulted in highly eutrophic waters, coupled with a sea-level regression (65.5 Ma) that led to restricted circulation.
Increased productivity during the short climate warming between 65.4 and 65.2 Ma is associated with increased
species diversity, abundant rugoglobigerinids and common heterohelicids. At the end of the Maastrichtian, decreased
productivity coincided with the K/T impact and mass extinction, followed by characteristically early Danian low
diversity assemblages. The similarity of the late Maastrichtian and post-K/T impact Guembelitria-dominated
assemblages reveals that the planktic foraminiferal response to the K/T catastrophe was not unique, but followed a
predictable pattern of response to severe environmental perturbations.
9 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

During the early Maastrichtian a major sea-lev-
el transgression established open marine condi-
tions throughout central Egypt, extending a shal-
low marginal sea to the south and west.
Subsequent sea-level regressions caused wide-
spread erosion, particularly in the marginal seas

to the south, coupled with local tectonic activity
in the Western Desert (Hendriks et al., 1987;
Schnack and Luger, 1998; Tantawy et al., 2001).
On the stable shelf of the Asyut Basin, erosion
was generally more limited, resulting in deposition
and preservation of Egypt’s most complete sedi-
mentary sequences in the Eastern Desert (e.g. East
Qena region, Luger, 1988; Luger et al., 1989;
Duwi region, Tantawy, 1998; St. Paul, South Gal-
ala, Strougo et al., 1992; Faris, 1984). Among
these sedimentary sequences, the Gebel Qreiya
section studied for this report is among the very
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few localities where the planktic foraminiferal
zone Parvularugogloberina eugubina is present.
During the late Maastrichtian to early Paleocene,
Gebel Qreiya was located in the Asyut Basin (Fig.
1; Said, 1961, 1962) at about middle to outer shelf
depths. This region was subject to sea-level £uc-
tuations throughout the late Cretaceous and early
Tertiary (Fig. 2; Hendriks et al., 1987; Luger and
Groeschke, 1989; Klitzsch and Wycisk, 1987).

This report focuses on the late Maastrichtian
and early Danian of the Gebel Qreiya section in
order to: (1) evaluate the completeness of the
section using a higher resolution biostratigraphic
zonal scheme than has been previously applied,
and (2) evaluate the paleoecology of central Egypt
based on quantitative faunal analyses of planktic
foraminifera and carbon isotopes of monospeci¢c
benthic and planktic foraminifera.

2. Lithology

The Gebel Qreiya section is located at the
southern end of Wadi Qena, about 50 km north-
east of Qena City and 18 km north of Km53 of
the Qena^Safaga road (26‡21P N, 33‡01PE; Fig.
1). The Cretaceous^Tertiary boundary lies within
the Dakhla Formation, which is widely distrib-
uted in central and southern Egypt, though with
variable lithologies (e.g. Said, 1962; Abdel Razik,
1969, 1972; Soliman et al., 1986). The upper
Maastrichtian consists of monotonous gray shales
containing Pecten farafraensis casts that decrease
upsection. At about 1.8 m below the K/T bound-
ary, shales grade into marly shales devoid of mac-
rofossils. About 10 cm below the K/T boundary
the marly shales are truncated by an undulating
erosional surface, which also truncates burrows
(Fig. 2). The 10-cm-thick layer above this erosion-
al surface consists of burrowed marly gray shale
with small macrofossils (bivalves, gastropods).
This macrofossil-rich layer is truncated by an un-
dulating erosional surface. A thin red layer and
thick dark shale overlies this erosional surface and
marks the K/T boundary. Above the boundary,
basal Danian sediments consist of ¢ssile dark gray
shales (50 cm), followed by gray marly shale (V2
m) and gray shale (Fig. 2). Lithological changes,

erosional surfaces, truncated burrows, and macro-
fossil as well as microfossil assemblages indicate
that deposition occurred in a shallow marginal sea
in£uenced by sea-level changes through the late
Maastrichtian and early Danian (Fig. 2).

3. Methods

For foraminiferal studies samples were pro-
cessed following the standard method of Keller
et al. (1995). Planktic foraminifera are generally
abundant and well preserved, except for some in-
tervals of carbonate dissolution. The strongest
dissolution is observed in the Danian zone
Plc(2) (samples 72^86) where nearly all planktic
foraminifera are dissolved. Dissolution e¡ects in
the lower part of zone Plc(l) are apparent by the
abundance of broken specimens and thin test
walls. No dissolution e¡ects are apparent in the
late Maastrichtian sediments, though pyrite is
present (samples 34^39), suggesting low oxygen
conditions.

Quantitative population analysis is based on
the s 63-Wm and s 150-Wm size fractions in or-
der to evaluate both small and large species pop-
ulations. The larger size fraction favors late Cre-
taceous large tropical and subtropical species,
whereas the smaller size fraction favors small
Cretaceous species (heterohelicids, guembelitrids,
globigerinellids, globotruncanellids) and all early
Danian species. (There are no Danian species
s 150 Wm and very few are s 100 Wm.) For each
sample and each size fraction, about 300 speci-
mens were picked from a representative sample
split, mounted on cardboard slides for a perma-
nent record and identi¢ed. Species richness evalu-
ation is based on the presence of the total number
of species in each sample from both size fractions,
as well as rare species (labeled ‘x’ in Tables 1^3)
detected in a search of the uncounted residue
of each sample. Species identi¢cation follows
standard taxonomic concepts (Robaszynski et
al., 1983^1984; Caron, 1985; Nederbragt, 1991,
1998; Olsson et al., 1999). Common planktic
foraminiferal species are illustrated in Plates
I^VI, and quantitative species census data in
Tables 1^3.
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Stable isotope analyses were conducted on
the benthic foraminifer Cibicidoides pseudoacutus
and the planktic foraminifer Rugoglobigerina
rugosa from the size fraction 150^250 Wm. For
selected early Danian intervals Guembelitria creta-
cea, Woodringina hornerstownensis, Subbotina tri-
loculinoides and Globanomalina pentagona were
also analyzed. All analyses were conducted at
the laboratory of the University of Bern, Switzer-
land, using a VG Prism II mass spectrometer
equipped with a common acid bath. The results
are reported relative to the Vienna PeeDee Belem-
nite standard reference material with a standard
error of 0.1x for oxygen and 0.05x for car-
bon.

4. Biostratigraphy

The Gebel Qreiya section of the Asyut Basin is
Egypt’s most complete late Maastrichtian to early
Danian sequence known to date, and also con-
tains relatively well-preserved and abundant
planktic foraminifera. To evaluate the nature
and continuity of the sedimentary record, the bio-
stratigraphy is evaluated here based on the Creta-
ceous foraminiferal (CF) zonal scheme by Li and
Keller (1998a,b), which replaces the Abathompha-
lus mayaroensis zone with four zones and hence
provides much improved age control for the late
Maastrichtian (Fig. 2). Age estimates for the late
Maastrichtian biozones are based on foraminifer-
al datum events of DSDP Site 525 tied to the
paleomagnetic stratigraphy of the same core.
Age correlations were also made with Tunisian
sections based on biostratigraphic correlation
and event stratigraphy, including sea-level
changes and stable isotope stratigraphy (Li and
Keller, 1998c; Li et al., 1999). Ages for these
Maastrichtian and Danian datum events and bio-
zones are broadly valid for the eastern Tethys
region, including Egypt.

Age estimates for the Danian biozones are from
Berggren et al. (1995). Correlation of the forami-
niferal zonal scheme of Keller et al. (1995) to that
of Berggren et al. (1995) is shown in Fig. 2,
though this correlation is tentative due to their
reported later ¢rst occurrences of the index spe-
cies Subbotina triloculinoides and Parasubbotina
pseudobulloides. In my experience analyzing vari-
ous small (6 63 Wm, 63^100 Wm) and larger (100^
150 Wm, s 150 Wm) size fractions, the delayed
¢rst occurrences of these species noted by Berg-
gren et al. (1995) correspond to the ¢rst appear-
ances of the larger (s 100 Wm) morphotypes. In the
smaller size fraction (6 100 Wm) these species are
present earlier, within the upper part of the Parvu-
larugoglobigerina eugubina (Pla) zone (Fig. 2).

In this study, quantitative species analysis as
well as ¢rst and last appearances of species are
used to obtain biostratigraphic age control.
Abrupt changes in assemblage composition may
re£ect an incomplete sedimentary record, or rapid
environmental changes. The presence of hiatuses
can be determined based on biostratigraphy and

Fig. 1. Location of the Gebel Qreiya section in the Asyut
Basin of central Egypt.
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lithological observations (e.g. erosional surfaces,
hardgrounds, concentrations of macrofossils,
wood, truncated burrows, increased terrigenous
transport).

5. Late Maastrichtian

5.1. Zone CF3

Zone CF3 de¢nes the interval from the ¢rst
appearance of Pseudoguembelina hariaensis to
the last appearance of Gansserina gansseri
(66.83^65.45 Ma) and is equivalent to the upper
two thirds of the Micula murus zone. At Gebel
Qreiya, the lower 7.5 m of the section analyzed
mark zone CF3 as indicated by the co-occurrence
of G. gansseri and P. hariaensis. Micula murus is
present in this interval and suggests that the lower
part of zone CF3, which corresponds to the upper

Lithraphidites quadratus zone, was not recovered
(Tantawy, in press). Among small planktic fora-
minifera (s 63 Wm) zone CF3 is dominated by
alternating abundances of Guembelitria cretacea
and Heterohelix navarroensis, whereas the larger
species group is dominated by Heterohelix globu-
losa and Laeterohelix labellosa (Figs. 3 and 4;
Plate III).

5.2. Zone CF2

Zone CF2 marks the interval from the last ap-
pearance of Gansserina gansseri to the ¢rst ap-
pearance of Plummerita hantkeninoides and spans
about 150 000 years (65.45^65.30 Ma; Fig. 2;
Plate II). At Gebel Qreiya this short zone may
be missing or very condensed, as indicated by
the juxtaposition of G. gansseri and P. hantkeni-
noides at 1.8 m below the K/T boundary. Various
other species mark a hiatus or condensed interval

Fig. 2. Planktic foraminiferal biozonation, datum events and lithology of the Gebel Qreiya section. Lithological changes, undulat-
ing erosional surfaces, macrofossils and microfossil assemblages in the Gebel Qreiya section indicate an interrupted sediment rec-
ord and numerous hiatuses or condensed intervals probably as a result of sea-level £uctuations.
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Table 1
Relative percent abundances of planktic foraminifera in the late Maastrichtian s 150-Wm size fraction at Gebel Qreiya, central
Egypt (x6 1%)

Biozone CF3 CF1 (P. hantkeninoides) P1a

Sample number 42 41 40 39 38 37 36 35 34 33 32 31 30 28 26 24 22 20 18 16 14 12 11 10 9
Sample depth (m) 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 7.6 7.8 8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.5 9.6 9.7

Globigerinella aspera x 1 x 1 1 2 2 x 9 0 0 1 x 0 0 x 0 x x 1 3 x
G. yaucoensis 0 0 1 0 0 0 0 0 x 0 0
Globotruncanella minuta x 0 1 x x x
G. petaloidea 2 2 1 1 x 2 3 1 x x x x x 1 x 2
G. subcarinatus 0 0 0 0
Gansserina gansseri x x x x x x 1 x x
Globotruncana aegyptiaca 1 x x 1 x 1 x x 1 x x x x x x x (1)
G. duwi 2 2 1 3 1 2 1 x 0 x x 0 0 x
G. dupeublei x x 2 x x 1 2 x x x 0 0 0 0
G. esnehensis x 1 1 1 3 3 2 x 1 x 3 x x x x x x x x x x x
G. insignis x x x x x
G. rosetta x x x x x
Globotruncanita conica x x
G. pettersi x x 1 1 x x x x x x x x x
G. stuarti x x x x x x x
Kassaabiana
pseudocalcarata

x x

Hedbergella holmdelensis x x
H. monmouthensis x x x x x 2 x 1 x 0 0 1 0 0 0 0 0 0 0
Plummerita hantkeninoides 5 7 13 6 12 14 6 3 7 1 (1) (3)
Rugoglobigerina
hexacamerata

x 1 x 1 x x 2 x 1 x 1 1 1 x x x 1 1 x x x 2 (1) (2)

R. macrocephala 6 7 5 2 8 5 1 3 5 4 x 2 3 1 5 11 1 5 2 6 6 5 (2) (2)
R. reicheli 2 4 8 5 6 3 2 x 1 2 (2)
R. rugosa 7 9 13 5 5 13 1 4 4 3 1 x 3 5 13 12 8 14 9 13 13 8 (6) (2) (4)
R. scotti 4 6 4 4 x 1 3 24 6 4 1 x 2 2 x 2 1 2 x 1 x 1 (1)
Heterohelix globulosa 26 26 26 30 36 21 22 38 36 15 16 33 27 30 29 18 22 21 23 29 18 23 (1) (6) (3)
H. dentata 1 1 3 1 x 1 x x x 3 4 5 17 11 3 8 11 4 16 4 10 8 (2)
Laeterohelix (H.)
labellosa

7 13 11 14 16 14 10 5 10 26 21 15 3 5 5 10 7 7 8 8 7 6 (1) (2)

H. planata 1 2 x 0 2 4 3 x x 6 5 x 4 2 5 1 10
H. navarroensis 3 4 3 2 2 2 3 x x x x x x x x 2 0 0 0 0 x x (1)
H. punctulata 3 3 4 8 3 4 1 6 1 3 6 3 3 x 2 1 0 4 0 x
H. d. punctulata 3 3 x 4 1 1 2 0 x 14 14 11 13 3 8 8 8 13 10 14 11 (2) (1) (3)
H. striata 7 2 2 x x x x x 1 4 7 x x 6 5 x
Psudoguembelina
hariaensis

x x x x 0 x x x 0 x 0 x 0 (1)

P. costulata 7 3 6 4 3 2 6 x 4 7 8 6 9 5 5 5 6 2 3 8 7 4 (2) (3)
P. kempensis x x x 1 1 0 x 1 0 1 1
P. palpebra 1 x x x 2 x x 1 2 x 1
Pseudotextularia elegans 5 3 7 5 4 11 9 4 3 9 6 4 x 2 x x x 1 2 3 1 x (2)
P.nuttalli 2 2 1 5 4 2 1 5 1 2 1 x 2 1 2 x 1 1 2 x 2 x (2)
Planoglobulina carseyae 10 8 6 10 4 11 22 6 17 8 4 11 4 5 2 3 3 4 4 1 5 8 (1) (1)
P. brazoensis x x x x x
Racemiguembelina powelli x 0 x
Guembelitria cretacea 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 0 0 0 0 1
Total counted (s 150 Wm) 292 312 274 98 167 169 99 156 91 262 158 203 272 296 283 249 275 283 350 311 255 277 18 24 19
Species richness 27 29 28 24 26 25 27 22 22 31 24 22 25 30 30 32 33 29 33 31 26 30

Numbers in parenthesis are not in percentages and generally re£ect reworked specimens.
Species that are only present in the 6 63-Wm size fraction are indicated by 0.
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Table 2
Relative percent abundances of planktic foraminifera in the late Maastrichtian s 63-Wm size fraction at Gebel Qreiya, central
Egypt (x6 1%)

Biozone CF3 CF1 (P. hantkeninoides)

Sample number 42 41 40 39 38* 37* 36* 35 34 33 32* 31 30 28 26 24 22 20 18 16 14 12

Sample depth (m) 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 7.6 7.8 8 8.2 8.4 8.6 8.8 9 9.2 9.4
Globigerinella aspera x 1 x 14 4 10 9 x 2 3 1 x x x x x x x x 1 1 x
G. yaucoensis x x 4 x x x 2 1 x 1 1
Globotruncanella minuta x x x x x
G. petaloidea x x 1 2 x x x x x x x x x x x x
G. subcarinatus 1 1 x x
Globotruncana aegyptiaca x x x x x x x x x x x x x x
G. duwi x x x x x x x x x x
G. dupeublei x x x x x x x x
G. esnehensis x x x x x x x x x x x x x x x x x x x
G. insignis x x x x x x
G. rosetta x x x x x
Globotruncanita conica x x
G. pettersi x x x x x x x x x x x x x x
G. stuarti x x x x x x
K. pseudocalcarata x x
Hedbergell holmdelensis 1 x
H. monmouthensis x 2 2 2 2 3 x x x x 4 2 2 3 10 6 6 3 2
Plummerita hantkeninoides 2 2 1 3 5 x 3 1 x x
Rugoglobigerina hexacamerata x x x x x x x 1 x x x x x 2 x x x x x x
R. macrocephala 1 1 2 x 17 12 1 x x 1 x x x x 2 x 1 x x 1 x 1
R. reicheli 2 2 1 1 x x x x
R. rugosa x x 1 3 2 x 1 x 1 x x x x x 4 1 2 3 x 2 x x
R. scotti x 1 x x x x x x 1 x x x x x x x 2 x x x x
Heterohelix globulosa 4 6 9 x x x x x 4 20 x 5 16 12 9 14 21 16 30 9 8 7
H. dentata x 1 2 x 1 2 x x x 1 x x 4 x 4 1 6 3 5 x 8 x
Laeterohelix (H.) labellosa x 3 x x x x x 1 10 x x x x 4 x 11 3 x x x 1
H. planata x 1 4 x 4 7 x x 2 x 1 2 1 3 1 x x
H. navarroensis 16 19 17 37 63 55 72 13 11 12 x x 5 5 3 6 12 14 22 23 7 15
H. punctulata x x 2 x x x x x x x x 2 x x x x 1 x 1
H. cf. punctulata x 1 x x x x x x x 9 1 1 x x 3 x 5 2 2 x
H. striata x x x x x x x x x x x x x
Pseudoguembelina hariaensis x x x x x x x x
P. costulata 2 3 2 x x x x x 1 13 x x 3 6 x 3 7 3 5 1 3 2
P. kempensis x x x x x 1 1 1 x x
P. palpebra x x x x x x x x
Pseudotextularia elegans x x x x x x x x x x x x x x x x x x x x x
Pseudotextularia nuttalli x x x x x x x x x x x x x x x x x x x x
Planoglobulina carseyae 2 x 1 x x x x x x x x 5 1 x 1 x 1 3 1 x 2 x
Planoglobulina brazoensis x x x x x
Racemiguembelina powelli x x
Guembelitria cretacea 66 65 51 43 2 8 7 85 80 32 97 70 64 66 64 62 20 39 11 39 47 55
Guembelitria danica x
G. trifolia x x 2 x x 2 x 10 5 7
Total counted (s 63 W) 220 266 201 140 75 83 69 187 208 182 236 187 253 256 283 313 329 277 332 282 231 282

*Fine fraction pyritized and dissolved.
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Table 3
Relative percent abundances of planktic foraminifera in the early Danian s 63-Wm size fraction at Gebel Qreiya, central Egypt (x6 1%)

Biozone P1a(2) P1b P1c(1) P1c(2)

Sample number 11 10 9 8 7 6 5 4 3 2 1 18 19 20 22 24 28 32 36 40 44 48 52 56 60 64 68 72 76 81 87 90
Sample depth (m) 9.50 9.60 9.70 9.80 9.90 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.65 10.70 10.80 10.90 11.10 11.30 11.55 11.75 11.95 12.15 12.35 12.55 12.75 12.95 13.15 13.35 13.55 14.05 14.65 14.95

Globigerinelloides aspera 1 2 2 x
Hedbergella monmou-
thensis

5 2 x x x

Plummerita hantkeni-
noides

x 1 x

Rugoglobigerina hexaca-
merata

x x x

R. macrocephala x x x
R. rugosa x 2 1 x x
Heterohelix globulosa 8 12 3 2 2 2 x x x
H. dentata 11 13 3 2 x
H. navarroensis 10 5 2 3 1
H. d. punctulata 6 3 3 3 1
Guembelitria cretacea 40 36 12 16 11 x 2 2 2 3 x 2 1 x x 1 1 2 21 48 42 52 67 58 59 70 36 50
G. danica 1 1 5 1 1 x 2 5
G. irregularis 5 7 5 15 x 5 4 7
G. trifolia 9 7 5 2 3 1 x 6 3
Globocunusa daubjergen-
sis

2 2 x 2 3 23 15 13 5 4 2 7 11 13 38 9 2 2 x 1 12 42 46 39 4 19 25 24

Parvularugoglobigerina
alabamensis

x 7 3 1 x x 5 2 3 3

P. extensa x 7 4 7 4 39 63 69 41 13 3 35 17 4 7 3 2 x x
P. eugubina x 1 20 7 4 x
P. longiapertura 1 29 38 53 8
Eoglobigerina eobulloidesx 2 x
E. edita x 3 2 2
E. fringa 1 x
Subbotina triloculinoises x 1 x 1 5 5 12 26 44 12 19 28 19 39 27 4 4 8 4 3 1 1 6 7 7 2
S. trivialis x 2 x x x x x
Parasubbotina pseudobul-
loides

2 3 4 2 3 3 5 2 2 3 3 4 2 1 x x 4 2 d d x 2

P. varianta 7 11 14 5 2 7 8 3 7 14 3 1 x x 3 3 3 4 I I x x
Woodringina claytonensis 1 2 x x x 2 29 22 4 4 16 18 11 25 32 32 29 8 x x x x x 2 s s x 6
W. hornerstownensis 1 2 x 4 6 6 2 2 6 4 9 20 28 33 22 35 2 x x s s 4 3
Chiloguembelina mid-
wayensis

x 3 2 1 2 x x 1 2 x 2 4 2 d o o 1 x

C. crinita 6 4 4 3 4 7 4 3 x I I I 1 2
C. morsei 4 1 1 s u u
Globanomalina compres-
sa

3 3 x s t t

G. pentagona x 19 8 6 11 20 9 4 14 8 13 10 13 2 o o
G. hemispherica 2 x 1 n n
G. taurica x 9 5 2 2 3 6 x 3 3 1 2 2
G. tetragona 1 x 1 x 1 1 1 x
Praemurica inconstans x 1 x 1 x
juveniles no ID 6 3 6 x 3 2 x x x x x 2 3 3 x x 3 3 4 3 2
Total counted 320 196 347 289 216 282 292 260 265 294 267 288 309 255 341 196 284 290 268 356 330 317 324 245 272 208 134 83 260 257
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Plate I.
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(s 150-Wm size fraction), including increased
abundances of Rugoglobigerina rugosa, Rugoglobi-
gerina macrocephala, Heterohelix dentata, H. pla-
nata, decreased abundances of Laeterohelix label-
losa and Planoglobulina carseyae (Plates II and
III), and unusually large (s 150 Wm) Guembelitria
cretacea (Fig. 3). The CF1/CF3 hiatus or con-
densed interval also marks a lithological change
from macrofossil-rich shale to marly shale devoid
of macrofossils (Fig. 2), and coincides with the
culmination of the Maastrichtian global cooling
trend around 65.5 Ma (Barrera, 1994; Li and
Keller, 1998a,c; Olsson et al., 2001).

5.3. Zone CF1

Zone CF1 marks the range of Plummerita hant-
keninoides which spans the last 300 000 kyr of the
Maastrichtian (Pardo et al., 1996; Li and Keller,
1998a,b). At Qreiya P. hantkeninoides ¢rst ap-
pears at 1.8 m below the K/T boundary along
with Rugoglobigerina reicheli and coincident with
the last appearances of Gansserina gansseri and
Kassabiana falsocalcarata (Plate I). The juxtapo-
sition of these species suggests a short hiatus or
condensed interval that spans zone CF2 and
probably the upper part of CF3, as noted above.

In the uppermost part of zone CF1, two undu-
lating erosional surfaces with truncated burrows
mark short hiatuses below the thin red layer that
marks the K/T boundary, and about 10 cm below
the red clay layer (Fig. 2). This interval may cor-
respond to the global cooling and lower sea-level
during the last 100 000 years of the Maastrichtian
(Li and Keller (1998c), or the last 22 000 years
(Olsson et al. (2001).

Based on faunal changes and comparison with
zone CF1 assemblages elsewhere in the Tethys
region, only about 1/3 of zone CF1 may be
present at Qreiya. For example, zone CF1 spans
nearly 6 m in the nearby Wadi Hammama section
(Tantawy, in press), 2^8 m in various sections in
the Negev (Abramovich et al., 1998), 6 m at El
Kef, Tunisia (Li and Keller, 1998b), 9 m at Elles,
Tunisia, Abramovich and Keller (2002), and 3.5
m at Agost, Spain (Pardo et al., 1996). However,
at least part of the variability in the sediment
thickness of zone CF1 in the Negev and south-
eastern Egypt (Gebel Qreiya and Wadi Hamma-
ma) is likely linked to tectonic activity and irreg-
ular paleotopography (Hendriks et al., 1987;
Hendriks and Luger, 1987; Abramovich et al.,
1998).

6. Cretaceous/Tertiary boundary

6.1. Zone P0

Zone P0 marks the K/T boundary and is de-
¢ned as the interval between the extinction of
Cretaceous tropical planktic foraminifera and
the ¢rst appearance of Parvularugoglobigerina eu-
gubina and/or P. longiapertura (Fig. 2; Keller et
al., 1995). Lithologically, zone P0 is marked by a
dark clay layer with a thin red clay at the base. At
Qreiya the K/T boundary interval and zone P0
are at least partially preserved as indicated by
the presence of a 1-cm-thick red clay layer that
overlies an undulating erosional surface. An Ir
anomaly of 5.4 ppb was identi¢ed in this red
clay layer (sample 11.5; Keller et al., in press)

Plate I. Globotruncanids, scale bar= 200 Wm. All specimens from the latest Maastrichtian zone CF1 (Plummerita hantkeninoides)
at Qreiya, Egypt.

1^3. Globotruncana aegyptiaca.
4, 8. Globotruncanella subcarinatus.
5^7. G. dupeublei.
9, 10. G. rosetta.
11. Globotruncanita stuarti.
12, 13. Kassabiana pseudocalcarata.
14, 15. Globotruncanita conica.
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and marks the ¢rst reported occurrence of this
anomaly in Egypt. Throughout Egypt, including
the Sinai and Negev, the K/T boundary interval is
generally condensed, often highly bioturbated,
marked by erosion surfaces and absence of the
characteristic K/T boundary clay and basal red
layer (Keller and Benjamini, 1991; Shahin,
1992; Samir, 1994; Faris, 1997; Luger et al.,
1989; Tantawy et al., 2001).

7. Early Paleocene

7.1. Zone Pla

This zone is de¢ned by the range of Parvula-
rugoglobigerina eugubina and/or P. longiapertura
(Fig. 2; Plate V). At Qreiya, the ¢rst Tertiary
species present at the base of the 50-cm-thick ¢s-
sile dark gray shale that overlies the red clay of
zone P0 (sample 11; Fig. 4) includes, Globoconusa
daubjergensis, Parvularugoglobigerina eugubina, P.
longiapertura, P. extensa ( =G. conusa), Eoglobi-
gerina edita and E. eobulloides, followed by Sub-
botina triloculinoides, S. trivialis and Woodringina
claytonensis (Plates IV^VI). Few Maastrichtian
species are present and most of these are probably
reworked (Fig. 4). The top of zone Pla is identi-
¢ed by the disappearances of P. eugubina and P.
longiapertura at 50 cm (sample 6) above the red
clay layer.

There are several indicators that mark this
short Pla zone as incomplete or condensed. Evi-
dence for a basal Danian hiatus includes: (1) the
simultaneous ¢rst appearances of six Danian spe-

cies, including Parvularugoglobigerina eugubina
and P. longiapertura, the index species for zone
Pla above the red clay layer (Fig. 4); (2) the rel-
atively low abundance of Guembelitria (6 30%),
as compared with its characteristic dominance
(s 80%) in basal Danian sediments worldwide
(see Keller et al., 1995; Luciani, 1997, 2002; Apel-
laniz et al., 1997); (3) Subbotina triloculinoides
and S. trivialis, which are known to evolve in
the upper part of zone Pla already appear 20^30
cm above the red clay; (4) the presence of abun-
dant reworked Maastrichtian species in zone Pla;
(5) the very short interval (50 cm) represented by
zone Pla suggests a condensed early Danian, as
also observed in the Negev (Keller and Benjamini,
1991); and (6) the presence of common Danian
species in the larger than 63Wm size fraction;
Danian species in the lower part of zone Pla are
generally smaller (Keller et al., 2001a). A hiatus
or condensed sedimentation in the early Danian
zone Pla has been observed in numerous sections
and may be related to early Danian cooling and
sea-level changes (MacLeod and Keller, 1991;
Keller and Stinnesbeck, 1996).

7.2. Zone Plb

This zone is de¢ned as the interval between the
last occurrence of Parvularugogloberina eugubina
and/or P. longiapertura and the ¢rst appearance
of Parasubbotina varianta. Zone P1b is condensed
partly due to dissolution at the P1b/P1c boundary
and a hiatus at the P1a/P1b boundary. Evidence
for a P1a/P1b hiatus is indicated by: (1) the
abrupt disappearance of P. longiapertura immedi-

Plate II. Rugoglobigerinids, scale bar= 200 Wm. All specimens from the latest Maastrichtian zone CF1 (Plummerita hantkeni-
noides) at Qreiya, Egypt.

1, 2. Rugoglobigerina macrocephala.
3, 4. R. scotti.
5, 6. R. rugosa.
7. Plummerita hantkeninoides with one spine only.
8^10. P. hantkeninoides.
11, 12. Pseudotextularia elegans.
13. Guembelitria trifolia.
14. G. irregularis.
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ately after its most abundant stage (53%); (2) the
peak abundance of P. extensa (formerly G. conu-
sa) to 63% immediately above the disappearance
of P. longiapertura ; (3) the simultaneous ¢rst ap-
pearances of P. alabamensis, Woodringina horner-
stownensis, and Globanomalina taurica. The con-
densed upper part of P1b, due to dissolution and/
or a hiatus, is also marked by strong abundance
changes in P. extensa, Subbotina triloculinoides,
and Woodringina claytonensis (Fig. 4; Plates IV^
VI).

7.3. Zone Plc

Danian assemblages in the 5-m overlying zone
Plb indicate a zone Plc age which is de¢ned as the
interval from the ¢rst appearance of Parasubboti-
na varianta to the ¢rst appearance of Praemurica
trinidadensis (Figs. 2 and 4; Plate VI). The latter
index species was not observed in the studied in-
terval. Zone Plc can be subdivided into Plc(l) and
Plc(2) based on the ¢rst appearance of Praemurica
inconstans which ¢rst appears at about 3.8 m
above the boundary clay and just below a 1-m-
thick dissolution interval that contains only rare
foraminifera. Relatively impoverished Danian
Plc(2) assemblages are present above this dissolu-
tion interval (Fig. 4). There are strong and abrupt
faunal assemblage and relative abundance
changes within Plc(l) that indicate another hiatus
at 2.5 m above the boundary clay. Evidence for
this hiatus includes: (1) a sharp lithological break
from marly shale to shale; (2) the abrupt reap-

pearance of abundant Guembelitria cretacea and
G. daubjergensis ; (3) the abrupt decrease of abun-
dant Woodringina claytonensis, W. hornerstownen-
sis, Globanomalina pentagona and P. varianta (Fig.
4; Plates IV and VI).

8. Foraminiferal populations

Late Maastrichtian Tethyan assemblages of
middle to outer neritic (100^250 m) and upper
bathyal (250^500 m) depths typically have 56^65
species (Keller, 1988, 1996; Keller et al., 1995;
Luciani, 1997; Apellaniz et al., 1997; Olsson,
1997; Orue-etxebarria, 1997; Masters, 1997;
Abramovich et al., 1998; Abramovich and Keller,
2002). The Qreiya assemblages, deposited in mid-
dle to outer neritic depths, di¡er in that species
richness is only about half, averaging 25 species in
zone CF3 and 30^35 species in CF1 (Fig. 3). Such
low species richness is generally only observed in
very shallow (6 100 m) or restricted Tethyan en-
vironments where deeper dwelling species are ex-
cluded (e.g. Texas, Alabama, southern Tunisia;
Keller, 1989; Olsson and Liu, 1993; Keller et
al., 1998, 2002).

At Qreiya, the unusually impoverished late
Maastrichtian planktic foraminiferal assemblages
appear to mimic the post-K/T paleoenvironment
(usually interpreted as high stress) in terms of low
species diversity and assemblages dominated by
ecological generalists and opportunists, particu-
larly in the small size fraction (63^150 Wm). Clues

Plate III. Maastrichtian biserial taxa, scale bar= 200 Wm. All specimens from the latest Maastrichtian zone CF1 (Plummerita
hantkeninoides) at Qreiya, Egypt.

1. Heterohelix striata.
2. H. globulosa.
3. H. navarroensis.
4. H. dentata.
5, 6. H. planata.
7, 8. Laeterohelix (Heterohelix) labellosa.
9. Pseudoguembelina palpebra.
10. P. hariaensis.
11, 12. P. costulata.
13, 14. Pseudotextularia elegans (formerly P. deformis).
15, 16. Planoglobulina carseyae.
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to the nature of this late Maastrichtian low diver-
sity environment can be gained from the presence/
absence of ecological specialists that typically in-
habit the Tethys, and the relative abundance var-
iations of the dominant species (ecological gener-
alists and opportunists) and their environmental
preferences as observed from paleobiogeographic
distribution patterns.

9. Ecological specialists

The species group interpreted as ecological spe-
cialists consists of tropical and subtropical species
with narrow tolerance limits and restricted geo-
graphic range, although they may migrate in
small numbers into higher latitudes during cli-
matic warming (Kucera and Malmgren, 1998).
Species of this group are generally of large size
(s 150 Wm), complex morphology and highly or-
namented, heavily calci¢ed tests with keels, ridges,
and spines, and frequently many chambers and
large apertures. They include most globotrunca-
nids, racemiguembelinids, planoglobulinids and
rugoglobigerinids (Plates I and II).

At Qreiya, tropical^subtropical ecological spe-
cialists are rare or absent, except for rugoglobiger-
inids (Fig. 3). Globotruncanids, the largest group
of ecological specialists is surprisingly rare.
Although a total of ten globotruncanid species
are recorded, only 4^8 species are present in any
given sample, and only Globotruncana esnehensis
is consistently present (6 1^3%; Table 1). Many
common late Maastrichtian globotruncanids are
absent, including G. arca, G. orientalis, G. rosetta
and R. contusa. The combined relative abundance
of globotruncanids is very low, with peaks of 5%
and 6% in zone CF3, but only one sample with a

maximum of 2% in zone CF1 (Table 1; Fig. 5).
This is an exceptionally low globotruncanid spe-
cies richness and abundance for a middle to outer
neritic environment of the eastern Tethys. In com-
parison, 16 globotruncanid species are reported
from the Hor Hahar section of the Negev, Israel,
with a combined average abundance of 15% in
CF3 and 5% in zone CF1 (Abramovich, 1997,
Abramovich et al., 1998). At Elles, Tunisia, 18
globotruncanids are reported with a combined
abundance of 25^30% in zone CF3 and 5% in
CF1 (Abramovich and Keller, 2002). In addition
to globotruncanids, many other ecological special-
ists are also extremely rare or absent at Qreiya,
including all gublerinids, racemiguembelinids and
planoglobulinids (brazoensis, P. multicamerata, P.
averculinoides).

Among rugoglobigerinids, only Plummerita
hantkeninoides, Trinitella scotti and possibly Ru-
goglobigerina reicheli are largely restricted to the
low latitude Tethys. These surface dwellers rarely
appear in middle latitudes and are generally ab-
sent beyond 30‡ north or south (Li and Keller,
1998a; Olsson et al., 2001; MacLeod et al.,
2001). Plummerita hantkeninoides evolved near
the lower part of the latest Maastrichtian warm
event (V65.3 Ma) and disappeared at the K/T
boundary (Masters, 1993; Pardo et al., 1996; Li
and Keller, 1998c). At Qreiya, P. hantkeninoides is
signi¢cantly more abundant (3^14%) than in the
Negev (1^4% at Hor Hahar; Abramovich, 1997),
Tunisia (1^2% at Elles; Abramovich and Keller,
2002), or Spain (1% at Agost; Pardo et al., 1996).
The relatively high abundances of P. hantkeni-
noides (3^14%) and R. reicheli (1^8% in CF1) con-
tribute to the high abundance of the rugoglobiger-
inid surface dwellers (40%; Fig. 5) during the
warm climate of zone CF1 at Qreiya. Trinitella

Plate IV. Danian biserial and triserial taxa, scale bar= 50 Wm. All specimens from the early Danian zone Pla (P. eugubina) at
Qreiya, Egypt, except 5 and 6.

1^4. Guembelitria cretacea.
5, 6. G. cretacea from the Maastrichtian zone CF1.
7^12. Woodringina hornerstownensis.
13, 14. Chiloguembelina midwayensis.
15, 16. Woodringina claytonensis.
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scotti is rare in zone CF1 (1^2%), but relatively
common in zone CF3 (4^6%), except for a peak
of 24% in sample 35 which may be due to disso-
lution and breakage of more fragile species (Fig.
3; Table 1).

On a global basis, ecological specialists su¡ered
severely during the late Maastrichtian cooling and
all went extinct at or near the K/T boundary (Kel-
ler, 1988, 1996; Masters, 1997; Orue-etxebarria,
1997; Olsson, 1997; Luciani, 1997; Abramovich
et al., 1998). No species of this group dominated
planktic foraminiferal assemblages at any time
during the late Maastrichtian (Keller, 1988;
1996; Malmgren, 1991; Luciani, 1997; Neder-
bragt, 1998; Li and Keller, 1998a,b). However,
in central Egypt unique environmental conditions
severely limisted species diversity. This is indi-
cated by the very low species richness of the
Qreiya assemblages, which is primarily due to
the absence or rarity of the largely subsurface
dwelling ecological specialists, including globo-
truncanids, gublerinids and planoglobulinids. In
contrast, rugoglobigerinid surface dwellers thrived
(V40%), at least during the warm event of zone
CF1 (Fig. 5). This suggests peculiarities in the
watermass strati¢cation (e.g. expanded oxygen
minimum zone, low productivity, absence of ther-
mal strati¢cation) possibly as a result of restricted
circulation in central Egypt.

10. Ecological migrants

Ecological migrants are loosely de¢ned here as
a group of species that thrived in warm tropical
and subtropical waters and migrated into middle
and higher latitudes during times of climate
warming. They are thus di¡erentiated from

ecological specialists by common or consistent
presence in middle latitudes and hence greater en-
vironmental tolerance outside the Tethys. This
group includes mostly surface dwellers (rugoglo-
bigerinids, pseudotextularids, pseudoguembeli-
nids; Plates II and III) and, except for rugoglobi-
gerinids, none show major abundance variations
and they are therefore not discussed further.

11. Ecological generalists

Heterohelicids are here interpreted as ecological
generalists. They are the garden weeds of the fo-
raminiferal community. These biserial taxa are
characterized by medium or small test sizes, sim-
ple morphologies, little surface ornamentation
(Plates III and IV), and nearly global biogeo-
graphic range. They appear to have tolerated sig-
ni¢cant £uctuations in temperature and/or salini-
ty, oxygen and nutrients and can therefore be
considered ecological generalists. In particular,
the isotopic compositions of smaller species (He-
terohelix globulosa, H. dentata, Laeterohelix label-
losa, H. planata and H. navarroensis, Plate III)
suggest that they lived in deeper less oxygenated
waters, and may have thrived at times of ex-
panded oxygen minimum zones (Boersma and
Premoli Silva, 1989; Barrera and Keller, 1994;
MacLeod et al., 2001), whereas their global bio-
geographic distribution suggests a tolerance for
temperature changes (Nederbragt, 1998). Hetero-
helix globulosa, the most abundant of these spe-
cies, tends to exhibit a preference for continental
margins (Leckie, 1987; Keller, 1989, 1996;
Malmgren, 1991).

At Qreiya, heterohelicids dominate (50^70%;
Fig. 5) in the s 150-Wm size fraction, with Hete-

Plate V. Parvularugoglobigerinids, scale bar= 50 Wm. All specimens from the early Danian zone Pla (P. eugubina) at Qreiya,
Egypt.

1^8. Parvularugoglobigerina eugubina.
9^12. P. longiapertura, note shape of chambers,

diagonal sutures and compressed chambers.
13^16. P. extensa (formerly Globoconusa conusa).
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rohelix globulosa most abundant (Fig. 3). Laeter-
ohelix labellosa is more common in CF3, and H.
punctulata, H. planata and H. dentata in CF1
(Fig. 3). In the smaller size fraction (63^150 Wm)
heterohelicids are less abundant, except for a
short interval in zone CF3 where H. navarroensis
dominates, and H. globulosa and H. dentata in-
crease in zone CF1 (Fig. 5). Late Maastrichtian
heterohelicid dominance has also been observed
in Tunisia, Israel, Italy, Spain, Texas, Denmark
and DSDP Site 525 (Keller, 1988, 1989; Neder-
bragt, 1991, 1998; Malmgren, 1991; Keller et al.,
1995, 1993; Luciani, 1997; Abramovich et al.,
1998; Li and Keller, 1998a; Abramovich and Kel-
ler, 2002).

Dominance of ecological generalists at Qreiya
in central Egypt suggests decreased water mass
strati¢cation and may re£ect an expanded oxygen
minimum zone. Higher relative abundances of
Heterohelix navarroensis in CF3 and of H. dentata
and H. planata in CF1 suggest changing water
mass characteristics, though speci¢c habitats and
ecological requirements of particular heterohelicid
species are still largely unknown.

12. Ecological opportunists

The most unusual aspect of the late Maastricht-
ian faunal assemblages at Qreiya is the dominance
of Guembelitria cretacea (s 63-Wm size fraction;
Fig. 4; Plate 4). This species has been observed to
dominate after the K/T boundary impact event in
the early Danian zones P0 and lower Pla, and has
therefore been labeled ecological opportunist or

disaster species. Guembelitria cretacea is generally
present in very low frequencies (6 1%) in late
Maastrichtian faunal assemblages of normal
open marine environments, but more abundant
(10^20%) in shallow nearshore environments,
such as those of Brazos, Texas (Keller, 1989),
Denmark (Schmitz et al., 1992; Keller et al.,
1993), or southern Tunisia (Keller et al., 1998).
However, at times of low species diversity and
reduced species abundances Guembelitria species
tend to produce opportunistic blooms, as is well
known for the K/T boundary clay and early Dan-
ian. In the Negev, Abramovich et al. (1998) no-
ticed three Guembelitria cretacea blooms in the
late Maastrichtian. But no such high abundances
of G. cretacea as at Qreiya (60^90%) have been
observed before. However, recently a larger, elon-
gate and high-spired new species, Guembelitria
dammula, was observed with the same high abun-
dances in zone CF1 from sections along the coast
of the Black Sea (Bjala, Bulgaria; Adatte et al.,
2002b).

High abundances of the ecological opportunist
Guembelitria characterize crisis conditions at the
K/T boundary as well as the anoxic event near the
Cenomanian/Turonian transition (e.g. Leckie,
1987; Apellaniz et al., 1997; Luciani, 1997; Keller
et al., 2001b, 2002). The persistent relatively high
abundances of this species group in shallow near-
shore areas during the late Maastrichtian suggest
a high tolerance for salinity, nutrient and temper-
ature £uctuations. In the Gafsa Basin (Seldja) of
southern Tunisia, Guembelitria dominance is asso-
ciated with a warm humid climate, high rainfall,
low salinity, high organic matter in£ux from near-

Plate VI. Danian, scale bar= 50 Wm. All specimens from the early Danian at Qreiya, Egypt.

1. Parvularugoglobigerina extensa (formerly G. conusa).
2^3. Globoconusa daubjergensis.
5^7. Subbotina triloculinoides.
4, 8. Parasubbotina varianta.
9^11. Globigerina (Eoglobigerina) pentagona.
12. Hedbergella monmouthensis (poorly preserved).
13, 14. H. monmouthensis, note poor preservation suggests

that these specimens are reworked.
15. Eoglobigerina eobulloides.

MARMIC 898 29-10-02

G. Keller /Marine Micropaleontology 47 (2002) 71^99 89



Fig. 3. Planktic foraminiferal species abundances in the s 150-Wm size fraction of the late Maastrichtian at Gebel Qreiya, Egypt. Note that the late Maastrichtian
is dominated by low oxygen tolerant small heterohelicid species (H. globulosa, H. labellosa, H. dentata, H. planata, H. punctulata). Rugoglobigerinids increased in
relative abundances during the last 300 000 kyr of the Maastrichtian (R. rugosa, R. macrocephala, R. reicheli, Plummerita hantkeninoides). Dashed lines mark hia-
tuses. Zone CF2 appears to be missing (65.45^65.3 Ma), zone CF1 is only partially present, the earliest Danian zone P0 is restricted to the red layer, and the lower
part of zone Pla is missing. Calcareous nannofossil zones from Tantawy, in press.
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Fig. 4. Planktic foraminiferal species abundances in the smaller (63^150 Wm) size fraction of the late Maastrichtian to early Paleocene at Gebel Qreiya, Egypt.
Note the unusually high abundance of Guembelitria cretacea in the late Maastrichtian, and the alternation of abundant Guembelitria with abundant small heterohe-
licids (e.g.H. navarroensis, H. globulosa, H. dentata). This pattern is unknown from late Maastrichtian sequences, and similarly high abundances of Guembelitria are
only recorded from the post-K/T boundary intervals of zones P0 and Pla. The absence of high Guembelitria immediately after the K/T boundary is due to a hiatus
that removed P0 and the lower part of Pla. Calcareous nannofossil zones from Tantawy, in press.
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Fig. 5. Carbon isotope values of the benthic species Cibicidoides pseudoacutus and planktic species Rugoglobigerina rugosa for the late Maastrichtian and Guembeli-
tria cretacea, Woodringina hornerstownensis, Globigrina pentagona, Subbotina triloculinoides for the early Danian at Gebel Qreiya, Egypt. Note the inverse surface-
to-deep N

13C gradient in zone CF3, similar to that characteristically observed at the K/T boundary in low to middle latitudes. Relative abundance £uctuations of
selected species suggest that late Maastrichtian Guembelitria and Heterohelix species thrived in low diversity assemblages associated with low productivity, but eu-
trophic waters, similar to early Danian low diversity assemblages.
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by terrestrial areas and hence eutrophic waters,
and low oxygen bottom water conditions (Keller
et al., 1998). In the same area, the ecological gen-
eralist Heterohelix navarroensis thrived at times of
low Guembelitria abundances. The same pattern is
observed at Qreiya (Fig. 5), which suggests that
similar environmental conditions prevailed in the
deeper water central Egypt basin during the late
Maastrichtian. At Qreiya, carbon isotopes pro-
vide further clues to the environmental conditions
in which Guembelitria thrived.

13. Carbon isotopes

Foraminifera are well preserved at Qreiya.
However, even well preserved tests tend to be par-
tially recrystallized with up to 50% diagenetic cal-
cite (Pearson et al. (2001). Recrystallization of fo-
raminiferal tests occurs upon settling in the cool
waters of the ocean £oor. As a result, oxygen
isotopic trends shift towards more positive (cool-
er) values and carbon isotopes towards more neg-
ative values (lower productivity). Isotopic values
are thus biased towards cooler temperatures and
lower productivity. However, carbon isotope dif-
ferentials between species tend to be retained dur-
ing diagenesis, but with the e¡ect of reducing the
di¡erential depending on the degree of diagenesis.
Thus, in completely recrystallized tests, N13C val-
ues of benthic and planktic species converge
(Pearson et al., 2001). At Qreiya the carbon iso-
tope di¡erential between benthic and planktic spe-
cies shows distinct trends that indicate changes in
productivity, as is also suggested by correlative
changes in species populations and faunal assem-
blages.

The late Maastrichtian surface-to-deep N
13C

gradient of the benthic foraminifer Cibicidoides
pseudoacutus and planktic foraminifer Rugoglobi-
gerina rugosa at Qreiya is very unusual. Benthic
N
13C values show relatively minor variations be-
tween 0x and 30.3x, though there are major
excursions in planktic N

13C values (Fig. 5). Near
the base of the section, a small positive surface-to-
deep N

13C gradient is present. This is followed by
a negative planktic N

13C excursion of 0.5^0.8x
and establishes an inverse surface-to-deep gra-

dient for the remainder of zone CF3 and into
the base of CF1 (Fig. 5; Table 3). A positive shift
of 0.8x in planktic N

13C values reestablishes a
slightly positive surface-to-deep gradient in zone
CF1. Near the top of the Maastrichtian (top 20
cm), planktic N

13C values drop by 0.6x and are
again more negative than benthic values, as is
characteristic of the K/T boundary in general.

Is the observed reversal in the surface-to-deep
gradient real or an artifact of diagenesis? Recrys-
tallization of foraminiferal tests occurs in the
cooler waters of the ocean £oor, which shifts
planktics towards more negative carbon values
than benthic species, and hence reduces the sur-
face-to-deep gradient. Total (100%) recrystalliza-
tion would result in convergence of planktic and
benthic values (Pearson et al., 2001). Thus, recrys-
tallization alone cannot account for the more neg-
ative planktic values during the late Maastrichtian
at Qreiya, and strongly suggests that surface pro-
ductivity was very low. The unusual low diversity
Guembelitria-dominated planktic foraminiferal as-
semblages support this interpretation.

Benthic N13C values show only a minor decrease
(30.3x) across the K/T boundary, consistent
with benthic patterns elsewhere (Keller and Lin-
dinger, 1989; Zachos et al., 1989). However, in
the early Danian Pla^Plb interval benthic values
continued to drop and reached minimum values
at the Pla/Plb hiatus (Fig. 5). The ¢rst recovery is
indicated at the P1b/Plc boundary and hiatus by a
brief positive excursion, followed by another neg-
ative excursion in the lower part of Plc(l). Similar
positive and negative excursions were observed at
these time intervals in the Negev (Magaritz et al.,
1992) and South Atlantic (Barrera and Keller,
1994).

It is di⁄cult to evaluate the surface-to-deep
N
13C gradient of the early Danian because
planktic foraminiferal species are extremely small,
short ranging, and often present in insu⁄cient
quantities for analysis. In addition, diagenetic ef-
fects due to partial recrystallization and possibly
test in¢llings may have obliterated original signals
in these small species. At Gebel Qreiya, a number
of planktic species were analyzed with mixed re-
sults that suggest diagenetic overprints and possi-
bly species e¡ects. Guembelitria cretacea, Wood-
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rigina hornerstownensis, and Globigerina pentago-
na have generally lighter, or similar values as the
benthic species Cibicidoides pseudoacutus. Only
Subbotina tiloculinoides from samples in the upper
part of zone Plc has N13C values that are generally
heavier (¢ve out of seven samples) than the
benthic species (Fig. 5). These data re£ect the dif-
¢culties of determining surface-to-deep gradient
changes in the early Danian and demonstrate
the need for further analysis of well-preserved
Danian assemblages.

14. Discussion

The Cretaceous^Tertiary boundary impact ho-
rizon is characterized by the mass extinction of
tropical and subtropical planktic foraminiferal
species, followed by opportunistic blooms of
Guembelitria cretacea (e.g. Luciani, 1997; Mas-
ters, 1997; Olsson, 1997, Orue-extebarria, 1997;
Keller, 1996, 2001). At least some of the early
Danian species are interpreted to have repopu-
lated the world oceans from the high latitudes,
which served as refuge for ecological generalists
(MacLeod and Keller, 1994). This pattern has
been considered unique to the K/T boundary as
a result of the biological devastation of the impact
event.

New data from late Maastrichtian planktic fo-
raminiferal assemblages at Qreiya in central Egypt
challenge these interpretations. The Qreiya section
shows that both the opportunist Guembelitria cre-
tacea and the small ecological generalists (Hetero-
helix) lived, and at times thrived in the tropics, as
also observed in southern Tunisia and Brazos
River, Texas (Keller, 1989; Keller et al., 1998,
2002). Ecological opportunists and generalists
thus appear to have been an integral part of
planktic foraminiferal assemblages in the tropics,
and indeed across latitudes, during the late Creta-
ceous. But they remained a minor, though some-
times invisible, part of the planktic foraminiferal
assemblages in normally productive and well-
strati¢ed oceans, because of their low abundances
(6 1%) and very small size (36^100 Wm) within
assemblages of generally large ecological specialist
species (s 150 Wm). At times of ecological stress,

here interpreted as low productivity, oligotrophic
or eutrophic environments, ecological specialists
disappeared, and ecological generalists and op-
portunists thrived.

The environmental conditions in which Guem-
belitria thrived are still speculative. From post-
K/T boundary Guembelitria blooms in sections
around the world we know that these blooms oc-
curred in shallow and deepwater environments,
near shores and in the open ocean, at high and
low latitudes. Guembelitria blooms are therefore
not speci¢c to temperature, water depths, or sa-
linity, but seem to occur during times of low pro-
ductivity, eutrophic waters, and disruption of nor-
mal water mass strati¢cation. For example, the
post-K/T Guembelitria blooms are invariably as-
sociated with a productivity crash as indicated by
the drop in surface N

13C to below benthic values
(Zachos et al., 1989), but nutrient-rich eutrophic
conditions as indicated by the high total organic
contents.

Similarly, the late Maastrichtian (zones CF3^
CF1, 66.8^65.4 Ma; Fig. 5) Guembelitria blooms
at Qreiya are associated with a major breakdown
in primary productivity, as well as the near ab-
sence of tropical ecological specialists. The highest
Guembelitria abundances are associated with the
lowest planktic N

13C values indicating their sur-
face habitat, whereas low abundances are associ-
ated with increased N

13C, peak abundances of the
biserial Heterohelix navarroensis in CF3, and sev-
eral small biserial species in CF1 (H. navarroensis,
H. dentata, H. planata, H. globulosa), as well as
an increase in rugoglobigerinids (Fig. 5). All of
these species are subsurface dwellers living above
the thermocline. Carbon isotopes thus suggest
that the main factor controlling the impoverished
late Maastrichtian planktic assemblages in central
Egypt is low primary productivity.

The paleoecology of the triserial Guembelitria
cretacea is still poorly understood. Kroon and
Nederbragt (1990) suggested that it is an upwell-
ing species, based on a triserial species that lives
in upwelling areas of the Indian Ocean today.
However, no upwelling areas have been associated
with late Maastrichtian, or early Tertiary, Guem-
belitria blooms to date. In central Egypt, these
blooms occurred in a basin with restricted circu-
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lation, and in southern Tunisia, they occurred in a
very shallow marginal environment with salinity
and nutrient £uctuations (Keller et al., 1998;
Adatte et al., 2002a).
Guembelitria species appear to have been sur-

face dwellers, as is suggested by their consistently
common occurrences in shallow waters (e.g.
Texas, Alabama, Denmark, Tunisia; Keller,
1989; Olsson and Liu, 1993, Keller et al., 1993,
1998, 2002), small size, very light carbon isotopic
values, and near absence in normally strati¢ed
deeper water environments. However, Guembeli-
tria blooms are present in shallow and deepwater
post-K/T environments that are characterized by
eutrophic conditions (high total organic carbon),

but low productivity. This association with low
productivity may re£ect: (a) higher tolerance for
environmental stress and particularly eutrophic
environments; (b) reduced habitat competition
following the disappearance of ecological special-
ists ; (c) the advantage of small size and surface
dwelling habitat; or (d) a combination of reduced
competition and eutrophication favoring small
surface dwelling species. The generally inverse re-
lationship with heterohelicid abundances may be
related to variations in productivity, oxygen con-
tent of waters, and niche competition. At least
some Cretaceous heterohelicids (e.g. Heterohelix
globulosa, H. navarroensis, H. dentata), as well
as early Danian biserial species (e.g. Woodringina

Fig. 6. Summary of paleoenvironmental proxies at Qreiya, Egypt. Note that species richness during the late Maastrichtian is only
about half that of normal marine environments, probably as a result of the very low productivity similar to the post-K/T envi-
ronment. Low productivity in the late Maastrichtian in southern Egypt is associated with tectonic activity, increased runo¡ of
terrigenous detritus including organic matter, a lower sea-level, and probably a restricted basin, eutrophic waters and disrupted
thermohaline circulation.
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hornerstownensis, W. claytonensis) appear to have
been low oxygen tolerant (Boersma and Premoli
Silva, 1989; Barrera and Keller, 1994). Although
current data strongly suggest that Guembelitria
blooms are associated with highly eutrophic, but
low productivity environments, whether in shal-
low or deeper waters, further studies of their oc-
currences in late Maastrichtian sediments are
needed to conclusively determine their ecological
associations.

15. Summary and conclusions

During the late Maastrichtian zone CF3 (66.8^
65.5 Ma) central Egypt experienced the critical
high stress conditions that are usually associated
with the K/T boundary impact event. Surface pro-
ductivity dropped resulting in an inverse surface-
to-deep gradient, species diversity dropped to less
than half of normal Tethyan assemblages, and the
opportunistic species Guembelitria-dominated
(60^90%), though alternating with low oxygen tol-
erant heterohelicids (H. navarroensis, H. dentata,
H. globulosa ; Figs. 5 and 6). The conditions that
created this high stress environment are likely re-
lated to local tectonic activity coupled with cli-
mate, productivity and sea-level £uctuations.
Sediment deposition occurred in middle to outer
neritic (100^250 m) environments, interrupted by
erosion due to sea-level regressions (Fig. 6). How-
ever, similar paleodepth environments in Texas,
Tunisia, Israel and the Sinai retained more nor-
mal species diversity and Guembelitria species are
rare or absent, except in two short intervals in the
Negev which are marked by syntectonic activity
(Almogi-Labin et al., 1990; Abramovich et al.,
1998).

In central Egypt, local tectonic conditions
coupled with a low sea-level may have tempora-
rily isolated this region and disrupted normal
thermohaline circulation. In the south of Egypt,
the late Maastrichtian (zone CF3; Fig. 6) coin-
cided with the onset of tectonic activity (Soliman
et al., 1986; Hendriks et al., 1987; Hendriks and
Luger, 1987; Smith et al., 1994; Schnack and
Luger, 1998). The development of uplifted areas
may have created a semi-restricted basin with

sluggish circulation, whereas the increased terrig-
enous runo¡ supplied high organic matter leading
to eutrophic waters. This may have resulted in
decreased surface productivity and low species di-
versity that favored low oxygen tolerant hetero-
helicids and ecological opportunists. The similar-
ity of these late Maastrichtian assemblages with
post-K/T impact assemblages reveals that the
planktic foraminiferal response to the K/T cata-
strophe was not unique, but followed a predictable
pattern of response to a speci¢c set of environ-
mental conditions that may or may not be related
to impact events.
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