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ABSTRACT - A multidisciplinary approach to the study of a K/T boundary section on the Saharan Platform based 
on planktic and benthic foraminifera, calcareous nannofossils, lithology, stable isotopes, mineralogy and geochemis- 
try reveals a biota stressed by fluctuating hyposaline, hypoxic littoral and nearshore environments, productivity 
changes, and a paleoclimate altering between seasonal warm to temperate and warm/humid conditions. Benthic 
foraminifera indicate that during the last 300 kyr of the Maastrichtian (CF1, Micula prinsii) deposition occurred in 
a inner nerit~c (littoral) environment that shallowed to a near-shore hyposaline and hypoxic environment during the 
last 100-200 kyr of the Maastrichtian. These conditions were accompanied by a seasonal warm to temperate clima- 
te that changed to warm/humid conditions with high rainfall, by decreasing surface productivity, and significantly 
decreasing planktic and benthic foraminiferal species richness. The K/T boundary is marked by an undulating ero- 
sional contact overlain by a 10 cm thick sandstone layer which is devoid of any exotic minerals or spherules. Their 
absence may be due to a short hiatus and the fact that the characteristic clay and red layer (zone P0) are missing. 
During the earliest Danian (Pla), low sea-levels prevailed with continued low oxygen, low salinity, high rainfall, high 
erosion and terrigenous sediment influx, accompanied by low diversity, low oxygen and low salinity tolerant species. 
These environmental conditions abruptly ended with erosion followed by deposition of a phosphatic siltstone layer 
that represents condensed sedimentation in an open (transgressive) marine environment. Above this layer, low sea- 
levels and a return to near-shore, hyposaline and hypoxic conditions prevailed for a short interval [(base of Plc(2)] 
and are followed by the re-establishment of normal open marine conditions (inner neritic) comparable to the late 
Maastrichtian. This marine transgression is accompanied by increased productivity, and the first diversified Danian 
foraminiferal assemblages after the K/T boundary event and represents the return to normal biotic marine condi- 
tions. Though the K/T Seldja section represents one of the most shallow marginal sea environments studied to date 
for this interval, it does not represent isolated or atypical conditions. This is suggested by the similar global trends 
observed in sea-level fluctuations, hiatuses, as well as faunal assemblages. We conclude that on the Saharan plat- 
form of southern Tunisia, longterm environmental stresses beginning 100-200 kyr before the K/T boundary and rela- 
ted to climate, sea-level, nutrient, oxygen and salinity fluctuations, were the primary causes for the eventual demi- 
se of the Cretaceous fauna in the early Danian. The K/T boundary bolide impact appears to have had a relatively 
incidental short-term effect on this marine biota. 

KEYWORDS: K/T TRANSITION, SAHARAN PLATFORM, PALEOENVIRONMENT. 

R]~SUMt~ - Une 5tude d~taill~e, multidisciplinaire, incluant foraminiferes benthiques et planctoniques, nannofos- 
siles, lithologie, isotopes stables, minSralogie et gSochimie, d'une section localis~e sur la plate-forme saharienne dans 
le Sud de la Tunisie, d~montre que la transition Cr~tac&Tertiaire ~tait caract~ris~e par des conditions pal~o~colo- 
giques tr~s extrSmes li~es aux fluctuations du niveau marin, de la productivit~ et du climat. La distribution des fora- 
minif'eres benthiques montre que les sSdiments caract~risant les derniers 300 ka du Maestrichtien (CF1, zone 
Micula prinsii) se sont d~pos~s darts un milieu hyposalin et hypoxique, en domaine n~ritique cStier, sous un climat 
d'abord chaud mais contrast~ ~voluant vers des conditions plus humides. Une diminution de la productivit6 des eaux 
de surface est indiqu~e par la r~duction graduelle des esp~ces de foraminif'eres planctoniques et benthiques. La limi- 
te CrStac&Tertiaire est marquSe par une surface ~rosive, surmont~e par un banc gr~so-silteux de 10cm. La presen- 
ce de ce hiatus incluant probablement la partie tout ~ fait terminate du Maastrichtien, la zone P0 et une partie de 
la zone Pla,  expliquerait rabsence d'une couche enrichie en sph~rules et en materiel exotique. Le Danien basal (Pla) 
est marqu~ par une p~riode de has niveau marin accompagn~ par un important flux dStritique et de fortes prScipi- 
tations. Les milieux ~taient peupl~s par des esp~ces indiquant une oxygenation d~flciente et une faible salinitY. La 
partie supSrieure de ce milieu de d~pSt est brutalement interrompue par une surface d'6rosion et surmont~e par le 
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d~p6t d'une couche enrichie en phosphate et glauconie indiquant une s~dimentation condens~e en milieu marin 
(transgressifl ouvert. Un bref retour/t des conditions n@itiques c6ti~res, marquees par une faible oxygenation et 
une basse salinit6, est observ~ par la suite (zone Plc(2), il est suivi par le r~tablissement d'un milieu marin ouvert 
comparable ~ celui caract@isant le Maastrichien terminal. Cette derni~re transgression marine est associ~e ~ une 
augmentation de la productivitY, soulign~e par la premiere apparition d'une faune diversifi~e de foraminiferes, 
apr~s l'~v~nement Cr~tac&Tertiaire, indiquant un retour ~ des conditions ~cologiques normales. M~me si elle est 
caract~ris~e par des milieux marginaux, tr~s peu profonds, la transition Cr~tac&Tertaire ~tudi~e dans cette section, 
n'est done pas atypique. Elle montre des fluctuations du niveau marin et des assemblages fauniques similaires ~ ce 
qui est globalement observe. En conclusion, les milieux de la plate-forme saharienne du Sud de la Tunisie ont fair 
l'objet de stress environnementaux, d~butant 100-200 ka avant la limite Cr~tac~-Tertiaire, liSs aux fluctuations du 
climat, du niveau marin, de la productivit6, de l'oxyg~nation et de la salinitY. Ces changements environnementaux 
sont les causes principales de la disparition des faunes cr~tac~es. L'impact m~t~oritique Cr~tacS-Tertiaire ne semble 
avoir relativement affect5 ce type d'environnement que sur une tr~s courte dur~e de temps. 

MOTS-CL]~S: K/T TRANSITION, PLATE-FORME SAHARIENNE, PALt~OENVIRONNEMENT. 

INTRODUCTION 

Paleontology is undergoing a period of unprece- 
dented progress as new technologies and analyti-  
cal approaches are integrated with an ever increa- 
sing and detailed database. This progress is due 
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FIGURE 1 - Paleogeographic setting of Tunisia during the late 
Maastrichtian and early Tertiary with Cretaceous-Tertiary 
boundary sections (modified after Burollet 1967). Note the 
shallow water location of Seldja between the Kasserine Island 
to the north and the Saharan platform to the south. Position 
palgogdographique de la Tunisie au Maastrichtien supdrieur et 
Tertiaire infgrieur avec emplacement des coupes montrant  la 
limite Crdtacg-Tertiaire (d'apr~s Burollet 1967, modifid). Noter 
la localisation en eau peu profonde de Seldja entre l'Ue de 
Kasserine au Nord  et la plate-forme saharienne au Sud. 

in large part  to the Cretaceous-Tertiary (K/T) 
boundary controversy and the interest  it has 
generated across disciplines. As a result, scien- 
tists from many different fields have been brought 
together to work on the same problems and the 
integration of the varied datasets  has significant- 
ly enhanced our unders tanding of the ancient 
world as well as provided an additional dimension 
to the interpretat ion of paleo-data. At the same 
time, paleo-data is providing age, environmental  
information and supporting evidence for many 
disciplines (e.g., geochemistry, stable isotopes, 
mineralogy, sedimentology). Thus an integrated 
multidisciplinary approach to paleoenvironmen- 
tal problems can revitalize geological research 
and provide the necessary paleo-database tha t  
not only i l luminates  ancient  env i ronmenta l  
changes and catastrophes, but also provides the 
basis for predict ing fu ture  env i ronmenta l  
changes. 

This report is an example of an integrated multi- 
disciplinary study that  combines paleontological, 
geochemical, mineralogical, lithologic and stable 
isotopic data to evaluate the environmental condi- 
tions in a new K/T section at Oued Seldja in sou- 
thern Tunisia (Fig. 1). Specifically we integrate 
paleontologic data from planktic and benthic fora- 
minifera and calcareous nannofossils with litholo- 
gic, whole rock and clay mineral data, stable iso- 
topes and various geochemical and trace element 
parameters. Based on these data, the Seldja section 
provides a rare glimpse of the environmental condi- 
tions and biotic consequences in a shallow marine 
to coastal environment during the K/T transition. 

Biotic and environmental consequences associa- 
ted with the Cretaceous-Tertiary (K/T) transi t ion 
are well known from deeper water  (shelf, slope) 
marine environments where sediment accumula- 
tion rates are relatively high and exposure to ero- 
sion is limited to submarine current activity. In 
northern Tunisia, a number  of such sections are 
known including from E1 Kef, Elles, Ka laa t  
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Senam and E1 Melah (Fig. 1). The most studied of 
these is the E1 Kef section which was designated 
as the K/T boundary  s tratotype section and point 
(Perch-Nielsen 1981; Donze et al. 1982, 1985; Smit 
1982; Peypouquet  et al. 1986; Keller 1988a,b; 
Brinkhuis & Zachariasse 1988; M~on 1990; Saint- 
Marc 1992; Pospichal 1995; Ben Abdelkader & 
Zargouni 1995; Rocchia et al. 1995; Kouwenhoven 
et al. 1997). The other sections are relatively unk- 
nown and no studies comparable to E1 Kef exist to 
date (e.g., Said 1978; Robaszynski et al. 1993). 

From shallow marine environments in southern 
Tunisia, no K/T boundary  sections have been exa- 
mined in detail to date, though a number  of ben- 
thic foraminiferal studies have concentrated on a 
survey of the  paleobiogeography of Tunisian 
Paleocene assemblages (e.g., Aubert  & Berggren 
1976; Bou Dagher 1987; Saint-Marc & Berggren 
1988; Saint-Marc 1992). In these studies, the shal- 
lowest southernmost  sections (Hamadi, Chemsi 
and Oued Seldja) are located be tween  the 
Kasserine Island to the north and the Saharan 
platform to the south (Fig. 1). However, no studies 
are known to us tha t  detail the K/T transition in 
any of these sections (except E1 Kef) and the 
Seldja section is known from only three samples 
(Aubert & Berggren 1976). 

The paleogeographic and tectonic setting of the 
Seldja section is unique (Fig. 1). During the 
Maastrichtian and into the Eocene, the Seldja 
sequence was deposited in the shallow Gafsa 
basin. This basin was connected to the Sahara plat- 
form to the south but  separated from the Tethyan 
realm to the north by the Kasserine Island. The 
interchange with the open sea was therefore res- 
tricted and probably further hampered by small 
uplifted areas to the east and west which could 
have acted as barriers to circulation (Burollet 
1956; Burol let  & Oudin 1980; Sassi  1974). 
Sediment deposition occurred largely in restricted 
seas that  fluctuated between inner neritic to coas- 
tal environments. Tectonic activity and erosion of 
the Kasserine Island contributed to a constant 
though variable terrigenous influx of sediments. 
This unique paleogeographic setting provides a 
rare glimpse of marine life in shallow nearshore 
environments during the K/T transition. 

The multi-disciplinary nature  of this s tudy neces- 
sitates a less conventional organization for this 
report. Ins tead of the strict separation of sections 
on results  from interpretation,  we opt for a sectio- 
nal approach for each discipline. Sections for each 
discipline begin with a s ta tement  giving the ratio- 
nal for using a given proxy as environmental  indi- 
cator, followed by the results  and end with the 
interpretation.  We devote the Discussion section 
to the integration of results  from the various 

proxies for sea-level, climate and environmental  
changes and to evaluating these results  within 
the context of published K/T boundary  records. 

LOCATION AND LITHOLOGY 

Oued Seldja is located in a gorge about 10 km 
west  of the city of Metlaoui and is reached by fol- 
lowing the road from Metlaoui to Tozeur. About 10 
km south of Metlaoui a signpost marks  the unpa- 
ved road that  leads over 7 km to Oued Seldja. 
From the end of the road a foot path  leads 0.5 km 
over a plain to the gorge. The gorge is perpendi- 
cular to the Tamerza-Metlaoui belt  and was for- 
med by a small river that  cuts through a sediment 
sequence of Maastr icht ian to Eocene age. The 
s t ra ta  form the south flank of a W-E striking anti- 
cline and beds dip steeply (60-80) to the south. 

We collected the K/T boundary transition on the 
west side of the gorge in a shale sequence that  
overlies thick bedded shallow water  limestones of 
the Campanian to Maastrichtian Abiod Formation. 
These limestones form a mountain ridge that  is 
easily recognized within the gorge. Upsection from 
the Abiod limestones are siltstones, shales and 
claystones of the late Maastrichtian to Paleocene 
E1 Haria Formation as defined by Burollet (1956). 
Intensive small scale faulting makes it difficult to 
measure the thickness of these shales. We estima- 
te that  the K/T boundary interval is about 15-20 m 
above the lithological contact between the Abiod 
and E1 Haria Formations in sediments that  are 
less affected by tectonic faulting. A 9 m thick inter- 
val spaning from 2.4 m below to 6.6 m above the 
K/T boundary was trenched and 40 samples collec- 
ted (Fig. 2). Between our first (1996) and second 
(1997) samplings, another par ty of geologists tren- 
ched the section and labelled seven sample sta- 
tions (RP0 to RP6) with red paint on the outcrop; 
these sample stations are indicated on Figure 2 in 
relation to our samples. 

The uppermost  Maastr icht ian interval of the col- 
lected K/T transit ion consists of 2.4 m of grey to 
brown silty shales, clays and clayey siltstones 
that  is overlain by a 15 cm thick bed of yellow 
silty sandstone rich in fish scales and teeth. The 
undulat ing contact between these lithologies indi- 
cates erosion as also suggested by t runcated  bur- 
rows and the presence of mud clasts from the 
underlying sediments within the sandstone layer. 
This sandstone layer marks  the K/T boundary  
event as discussed below. Above this layer are 
1.15 m of grey silty shales and clays (Zone Pla) fol- 
lowed by a 25 cm thick bed of grey calcareous bio- 
turbated  siltstone rich in phosphatic and glauco- 
nitic grains ranging in size from 0.3 to 1.4 ram. 
The lower contact of this phosphatic layer is mar- 
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FIGURE 2 - Li- 
t h o s t r a t i g r a -  
phic column of 
the Seldja sec- 
tion with sam- 
ple locations of 
this study (SE 
and S samples) 
and short  ar- 
rows and sam- 
ple numbers  
marking the lo- 
cation of red 
painted sample 
stations pain- 
ted on the out- 
crop by another 
geological par- 
ty. Long arrows 
point to loca- 
tion of K/T 
sandstone and 
lower Danian 
(Pla/Plc) phos- 
phate layers on 
outcrop photo. 
Colonne lithos- 
t ra t ig raph ique  
de la coupe de 
Seldja avec lo- 
cal isat ion de 
l~chanti l lonna- 
ge pour  cette 
~tude (gchan- 
tillons S E  et S); 
les fl~ches cour- 
tes avec numd- 
ros ind iquen t  
la localisat ion 
des dchantillon- 
nages peints en 
rouge sur  l'af- 
f leurement  par  
une autre dqui- 
pe ggologique. 
Les longues fl~- 
ches indiquent  
l ' e m p l a c e m e n t  
du gr~s K / T  et 
des couches 
phosphatges du 
Danien infd- 
rieur (P la  / 
Plc)  sur  la 
photo de l'af- 
fleurement. 
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ked by an undulose surface, manganese crusts 
and nodules that suggest an extended period of 
erosion and non-deposition (FSllmi 1990; FSllmi 
et al. 1992). The lower 5 cm of the phosphate layer 
contains mud clasts and phosphate-filled burrows 
extend into the underlying shales. The phosphate 
layer is rich in fish remains (shark teeth, fish 
scales), small bivalves (mostly nuculanids) and 
gastropods; preservation of invertebrates as inter- 
ior moulds impedes precise determination of the 
fauna. Though prior to dissolution, shells were 
mostly intact and bivalves closed which indicates 
a low energy environment and little transporta- 
tion. The first 5 cm above the phosphate layer 

consist of grey-green marly siltstone rich in 
microfossils (foraminifera and ostracods) with 
small (0.5 to 1 cm) clasts of phosphate. Upsection, 
marly siltstones grade into brown siltstone with 
increasingly abundant terrestrial plant debris. 

METHODS 

For foraminiferal studies samples were processed 
by standard methods (see Keller, Li & MacLeod 
1995). Population counts were based on sample 
splits of 300-400 specimens of each benthic and 
planktic foraminifera from the greater than 63 

Biozones P. ; i i i i i ; le i~;nolde~ 

2 3 4 I 5 6 I 7 8 5ample Numbers 
0 

C. moms,/ t 
Woodringina homerstov,~en~is 
W. claytonensis . . . .  
W, kelferl 

Gioboconusa o~.sa 

Morozovella ir~o~3ans 

P{a~rota~,ies Flanocompressus 

/ i 
I 

r ] a  24 I Plc (2} 
1 9 2 0 ! 2 1 2 2 2 3  2 5 2 6 2 7 a  ~76152B 2 9 1 3 0 3 1 3 ~  3 3 3 4 3 5 1 3 6 1 3 7 3 8  

: 2  3 7 6 1 1 2  1 
. . . . . .  6 -  9J-16 . . . .  3 ] 2 5~ 2 

2 4 ~ . . . .  

TABLE 1 - Re la t ive  pe r cen t  a b u n d a n c e  of p l ank t i c  fo ramin i f e r a  across  t h e  KIT b o u n d a r y  a t  Oued  Seldja ,  Tun i s i a .  Abondance rela- 
tive (pourcentages) des foraminif~res planctoniques h la limite K /  T & Oued Seldja, Tunisie. 
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TABLE 2 - Relative percent abundance of benthic foraminifera across the K/T boundal:¢ at Oued Seldja, Tunisia. Abondance rela- 
tive (pourcentages) des foraminif~res benthiques & la limite K / T  & Oued Seldja, Tunisie. 

micron fraction (Tables 1 and 2). Calcareous nan- 
nofossils were also processed by s t andard  
methods (Keller & v. Salis Perch-Nielsen 1995). 
Total organic carbon, whole rock and clay minera- 
logical analyses were carried out at the Geological 
Ins t i tu te  of the Univers i ty  of Neuchatel ,  
Switzerland, with a CHN Calro-Erba Elemental  
Analyzer NA 1108 and a SCINTAG XRD 2000 
Diffractometer following the analytical methods 
by Verardo et al. (1990) and Kubler (1987) as des- 
cribed in Adatte et al. (1996). Stable carbon and 
oxygen isotope data  for carbonate were obtained 
from finely ground bulk samples using a fully 
au tomated  prepara t ion  sys tem ("MultiCarb") 
connected on-line to an "Optima" Isotope Ratio 
Mass Spectrometer  at  the  Univers i ty  of 
Karlsruhe, Germany. All carbon and oxygen isoto- 
pe values are reported relative to the PDB stan- 
dard with reproducibility better than  0.1 permill 
(Appendix, Table 3). Element analysis was carried 
out at  the  Ins t i tu te  for Pet rography of the 
Univers i ty  of Kar lsruhe,  Germany, wi th  a 
Spectrace5000 (Tracor) equipped with a Rh-tube 
and Si (Li)-detector (30mm2). To check measure- 
ment  accuracy, the certified standards MRG-1, 
AGV-1, SOIL-5 and SOIL-7 were measured. A 
total of 24 elements were analyzed. Details of the 
analytical procedure and detection limits are des- 
cribed in Kramar  (1984, 1997). Data are presen- 
ted in Tables 3 and 4. 

BIOSTRATIGRAPHY 

P l a n k t i c  F o r a m i n i f e r a  - The biostrat igraphy of 
the Seldja section is based on planktic foraminife- 
ra and calcareous nannofossils with the former 
based on the zonal scheme of Keller (1993; Keller 
et al. 1995) and shown in Figure 3 in comparison 
with the zonal scheme of Berggren et al. (1995). 
Contrary  to earl ier  reports  (e.g. Auber t  & 
Berggren 1976; Saint-Marc & Berggren 1988), 
planktic foraminifera are common in the Seldja 
Kfr  transition with the exception of some dissolu- 
tion intervals in the lowermost Danian and most 
of the lower Danian sediments are present. The 
lower part  of the section (samples 1 to 13) has 
abundant  and well preserved planktic foraminife- 
ra and the planktic/benthic ratio averages bet- 
ween 0.3 to 0.6. The faunal  assemblages are domi- 
nated by heterohelicids and guembelitrids. All 
other taxa are relatively rare and sporadically 
present (Fig. 4a,b). The index taxa P l u m m e r i t a  
h a n t k e n i n o i d e s  and P. reichel i  are present  though 
rare and indicate tha t  this interval represents 
part  of the last  300 kyr  of the Maastr icht ian 
(Pardo et al. 1996). Though the undula t ing  erosio- 
nal contact at the base of the sand layer indicates 
a hiatus with part  of this interval missing. Within 
the sandstone layer and above it, guembelitrids 
are dominant, heterohelicids are relatively rare 
and other Cretaceous taxa are generally absent. 
This is characteristic of early Danian assem- 
blages, though no Danian species were observed 



FIGURE 3 - Plankt ic  foraminiferal  
and calcareous nannofossil  biozo- 
nat ions used in this  s tudy and 
the i r  ca l ibra t ion  to the  Keller  
(1993) and  Berggren et al. (1995) 
zonal schemes. Note the  short  hia- 
tuses at  the K/T boundary and 
between the  lower Danian  Pla  and 
Plc (2) zones. Biozonations avec 
foraminif~.res planctoniques et 
nannofossiles calcaires utilisdes 
dans cette dtude et calibration de 
celles-ei avec les zones gtablies par 
Keller (1993) et par Berggren et al. 
(1995). Noter les brefs hiatus & la 
limite K / T  et au Danien infdrieur 
entre les zones P l a  et Plc(2). 
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Planktic foraminifera Nannofossil 

Datum events this study Keller 1993 Berggren et al. Martini 1971 

O4 PIc(2) v 
o 

0 . .  
Plc -L. M, incoiTsta/1s 

T G. conusa Hiatus ~- 
± S, varianta 

O 
¢ "  ~ P, eugubina 
( ~  P. IongiapeRura ~,.'x_-.~..,.~..~ 

J-  P, compressus 
(~  ~ E. trivia/is 
~ .J- G, pentagona 

J- S. pseudobufloides 
_L S, triloculinoides P 1 a 
.-~ G, daubjefgensis 
~ S, moskvini 
z_ p, planocompressus 

ELI -L  
..a G, taunca 

C, midwayensis 

..L P, eugubina, 
P, /ongiapertura 

..L E, eobul/oides 
E. edit& W, homest, Hiatus 
E, fringa, E. simplicis 

" " @" G, conusa ~ , . " t . , . , - . - ~  
, ~  P. hantkeninoides 

O= 
CF1 

.J 
-L p, hantkeninoides 

possibly due to dissolution and poor preservation. 
We tentatively placed the K/T boundary at the 
base of the sandstone layer. 

In the interval between the sandstone and phos- 
phate layers (samples 16 to 25, Figs 2, 4a,b) 
planktic foraminifera are relatively rare and 
many samples are barren due to dissolution. 
Planktic foraminifera present include heteroheli- 
cids, guembelitrids and some reworked 
Cretaceous species, whereas the delicate Danian 
species are generally dissolved. The first Danian 
species, Globoconusa conusa, was observed 90 cm 
above the sandstone layer (sample 24), and 
Parvularugoglobigerina eugubina, the index spe- 
cies for Zone Pla, is common in sample 26 below 
the yellow phosphatic layer. The interval between 
the sandstone and phosphate layers is therefore 
considered as of early Danian Zone Pla age. The 
5.5 m upsection from the base of the phosphatic 
layer contain abundant  and well preserved 
Danian assemblages characteristic of Zone Plc (2) 
age (upper part of Plc), as indicated by the pre- 
sence of the marker species Morozovella incons- 
tans. The abrupt change in Danian assemblages 
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at the base of the phosphatic layer, the undulating 
erosional contact and rip-up clasts, all indicate 
the presence of a hiatus. The juxtaposition of P. 
eugubina and M. inconstans indicates that this 
hiatus spans from the upper part of Pla through 
the lower part of £1c (Figs 3, 4a,b). 

C a l c a r e o u s  N a n n o f o s s i l s  - Preservation of coc- 
colith assemblages is variable and usually affec- 
ted by dissolution. Reworking of Campanian (?) 
species is very rare. Micula prinsii, the marker 
species of the uppermost Maastrichtian zone (Fig. 
3) is present, though rare, throughout the interval 
below the sandstone layer (samples 1-12) and coc- 
colith assemblages are dominated by Micula 
decussata, a dissolution resistant form, but also 
include a rich and moderately well preserved 
assemblage containing about 20-40 species. A 
total of over 80 species were observed in the 
Maastrichtian interval. In most Maastrichtian 
samples very rare specimens of Chiastozygus ulti- 
mus, Cyclagelosphaera margerelii, Placozyg~s sig- 
moides, Thoracosphaera sp. and Biscuturn sp. are 
present; all of these taxa are known to survive 
into the Tertiary. 
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FIGURE 4 - a. Ranges and relative abundances of Cretaceous planktic foraminifera across the K/T boundary transition at Oued Seldja. 
Note that  the species labelled indigenous Cretaceous fauna disappear at or below the K/T boundary, whereas species of the Cretaceous 
survivor fauna range into the early Danian and are also generally more abundant, b. Ranges and relative abundances of Danian plank- 
tic foraminifera at Oued Seldja. Note that  the first Danian species appear in the upper part of Pla because of dissolution. The first 
common Danian assemblage of Pla age appears just below a phosphate layer and the hiatus, a. R@artitions et abondances relatives 
des foramini~res planctoniques crdtacgs au passage de la limite K I T  ¢~ Oued Seldja. Noter que les esp~ces qualifides d'indig~nes dans 
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The sandstone layer which marks the K/T boun- 
dary contair~s a very  similar assemblage to tha t  of 
the underlying uppermost  Maastr icht ian plus 
small reddish and/or yellow spheres which may 
represent  pseudomorphs after coccospheres of 
small coccoliths (i.e. Neobiscutum). In the interval 
between the sandstone and the lower Danian 
phosphate  layer (samples 16-25) many  samples 
are barren  of calcareous nannofossils and others 
contain only rare, dissolution resistant,  longran- 
ging Cretaceous species and the spherules first 
noted in the sandstone layer. Only samples 19 and 
20 contain a rich coccolith assemblage with com- 
mon delicate specimens of the Cretaceous species 
Kamptnerius magnificus, large (up to 6um) 
Placozygus sigmoides, and specimens of the  
Danian (?) species Neobiscutum romeinii and N. 
parvulum. The large size of P. sigmoides suggests 
tha t  this interval marks  the onset of the upper 
par t  of zone NP1 (D2 of Perch-Nielsen, 1979). The 
presence of common K. magnificus suggests the 
survival of this species into the Danian as also 
suggested by the finding of coccospheres of K. 
magnificus in the Danian of the Netherlands (Mai 
et al. 1997). 

The first appearance of Cruciplacolithus primus 
was observed in a burrow jus t  below the phospha- 
te layer (sample 26). Both C. primus and C. 
edwardsii are large (8 llm and 9 ~m respectively) 
in this interval and typical of the upper par t  of 
NP1 (Romein 1979), though they are not accom- 
panied  by an acme of small  Prinsiaceae. 
Maastr icht ian and Danian species are equally 
common in this interval above the phosphate 
layer. The marker  species for the NP1/NP2 zone, 
Cruciplacolithus tenuis, was first observed in 
sample 29 and morphotypes between C. edwardsii 
and Chiasmolithus danicus first appear in sample 
36. However, no typical C. danicus were observed 
though Prinsius dimorphosus and Futyama peta- 
losa are abundant .  In samples 30 and 39 rare spe- 
cimens of Hornibrookina teuriensis are present. 
This Danian genus is believed to be restricted to 
high lat i tudes (Varol 1989), though its probable 
ancestor H. edwardsii was observed in Turkey 
near  the base of NP3 together with the first 
appearance of C. danicus. 

Calcareous nannofossil s t ra t igraphy differs from 
other K/T sequences (e.g. E1 Kef) primarily in the 
absence of abundant  Neobiscutum romeinii, N. 
parvulum, Thoracosphaera and Braarudos- 
phaera. However, considering the hiatuses at the 
base of the K/T sandstone and early Danian phos- 
phate  layers, these intervals could be missing. 
Surprising for this shallow depositional environ- 
ment  is the high species richness (>80 species) in 
the uppermost  Maastr icht ian and relatively high 
diversity in Danian zone NP2, but  also the near 

absence of some shallow water  taxa  (e.g., Kamp- 
tnerius magnificus in the Maastrichtian). It is 
possible tha t  these isolated rich assemblages 
represent  marine incursions as also observed in 
planktic foraminifera. 

K/T BOUNDARY MASS EXTINCTION 
PATTERN 

A total of 35 Cretaceous planktic foraminiferal 
species were found and identified from more than 
one sample (Fig. 4a, Tab. 1). About half  of these 
taxa are only sporadically present  and include 
nearly all spirally coiled morphotypes (e.g., rugo- 
globigerinids, globotruncanids, racemiguembeli-  
nids) tha t  are generally common in open marine 
environments. Their sporadic occurrences suggest 
that  these are migratory forms which entered the 
shallow Seldja environment only during favorable 
conditions such as a marine transgression, or an 
open sea connection. Their last  occurrences in the 
Seldja section are therefore local disappearances 
rather  than extinctions. However, in low lati tude 
open marine environments,  including E1 Kef  
(Keller et al. 1995), about 10-15% of the tropical 
Cretaceous species disappeared during the last  
100-200 kyr of the Maastrichtian, the remainder  
disappeared at the K/T boundary and only envi- 
ronmentally tolerant generalist  taxa  such as hete- 
rohelicids, guembelitrids, hedbergellids and globi- 
gerinellids survived into the Danian (for a re.cent 
summary  see Keller 1996). 

Twelve biserial and four triserial species domina- 
te late Maastr icht ian assemblages at Seldja. 
Among these, the relative abundance of only five 
species comprises more than 90% of the total 
populations (e.g., Pseudoguembelina costulata, 
Heterohelix navarroensis, H. globulosa, H. dentata, 
Guembelitria cretacea). The same biserial species 
group also dominates at E1 Kef and in both locali- 
ties, H. dentate is most abundant.  This suggests a 
contiguous seaway to the south and/or similar 
conditions for these species (possibly low oxygen, 
see Rohling et al. 1993; Keller 1996). The most 
significant difference between the dominant late 
Maastrichtian assemblages at the two localities is 
the dominance of Guembelitria species at Seldja 
and its near  absence at E1 Kef (Fig. 4a). Guem- 
belitria are generally rare in late Maastrichtian 
open marine environments, but  abundant  in shal- 
low nearshore waters where they are generally 
associated with low oxygen tolerant benthic spe- 
cies (see Keller 1996, p. 65-67). 

All common and dominant  species show a distinct 
relative abundance pa t te rn  with either declining 
populations in the last  1 m before the K/T boun- 
dary (P. costulata, H. navarroensis, Hedbergella 
monmouthensis), or within the last 20 cm (H. glo- 
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bulosa, H. dentata). At the same time Guembeli- 
tria species are rapidly increasing to over 90% of 
the faunal  assemblages in the early Danian (Fig. 
4a). All of these species survived well into the 
early Danian zone Pla where  they are t runcated 
by a hiatus. These relative abundance and survi- 
vorship pat terns  are very similar to those obser- 
r ed  at E1 Kef and suggest that  a seaway remained 
open to the south well into the Danian. 

BENTHIC FORAMINIFERAL ASSEMBLAGES 

A total of 30 benthic foraminiferal species were 
identified, though a number  of arenaceous taxa 
could not be identified to species level because of 
poor preservat ion (Tab. 2, Figures 5a,b). Most of 
the species identified at Seldja have previously 
been i l lustrated by various authors from other 
shallow water  Tunisian and Egyptian sections 
(e.g., Aubert  & Berggren 1976; Saint-Marc & 
Berggren 1988; Saint-Marc 1992; Bou Dagher 
1987; Luger 1985). One exception is a very small, 
but  abundant  morphotype Fursenkoina nederi 
Sliter which was first recognized and described by 
Sliter from. the Rosario Formation of southern 
California (Sliter 1968, p. 112). Most of the species 
identified fall within the inner neritic, coastal and 
lagoonal bathymetr ic  range as classified by Saint- 
Marc (1992, p. 481). 

Benthic foraminiferal assemblages at Seldja mir- 
ror the same changes as those observed in plank- 
tic foraminifera. Among the common species, 
about half  are restricted to the late Maastrichtian 
or early Danian zone Pla, six range through the 
studied interval, but  show abundance variations 
in the earliest  Danian, and six appear restricted 
to the Danian Plc zone (Fig. 5a,b). Strong varia- 
tions in the relative abundances of these species 
imply changes in the environment. At the base of 
the section the assemblage is dominated by the 
low oxygen tolerant  species Anomalinoides praea- 
cuta, Trochammina afikpensis and Haplophrag- 
moides excavata / walteri. Saint-Marc & Berggren 
(1988) interpreted this assemblage as inner neri- 
tic (littoral) based on correspondence analysis of 
eight Tunisian sections. At Seldja, additional com- 
mon taxa within this assemblage are the low oxy- 
gen and low salinity tolerant  species Bulimina gr. 
trigonalis, A. umbonifera, Pyramidina prolixa and 
P. szajnochae which are characteristic of near- 
shore or coastal environments (Saint-Marc & 
Berggren 1988). The transit ion from an inner 
neritic to near-shore assemblage occurs about 1.5 
m below the K/T boundary  as indicated by the 
decline of A. praeacuta and the Haplophrag- 
moides-Trochammina group and increase in the 
Bulimina-Pyramidina group. This late Maastri- 
chtian environmental  change is accompanied by 
abundant  (>60%) Stainforthia farafraensis and 

Fursenkoina nederi, morphotypes which thrive in 
low oxygen hyposaline nearshore and lagoonal 
environments (Aubert & Berggren 1976; Bou 
Dagher 1987). This suggests a generally low oxy- 
gen low salinity inner neritic environment shallo- 
wing to a near-shore coastal environment with a 
decreasing sea level during the last 100-200 kyr  of 
the Maastrichtian (Zone CF1). At Seldja, sea level 
lowering culminates in erosion and deposition of a 
sandstone layer at or near  the K/T boundary. 

In the earliest Danian, between the K/T sandsto- 
ne layer and Pla/Plc phosphate layer, A. umboni- 
fera dominates (>90%) along with F. nederi and P. 
prolixa, though abundances are sporadic due to 
dissolution and generally decrease towards the 
top of this interval (Fig. 5a,b). This low diversity 
assemblage suggests increasing environmental  
stress possibly associated with a shallow, low oxy- 
gen and generally brackish coastal or lagoonal 
environment. A more stressful environment is 
also indicated by relatively low 513C values and 
may have resulted from increased riverine flux 
(abundant  quartz), high rainfall and generally 
humid climate (discussed below). These condi- 
tions abrupt ly end with erosion and are followed 
by deposition of a sediment s tarved phosphate 
layer rich in post-depositional gypsum. Deposition 
of the phosphatic biofacies probably occurred in a 
transgressive open marine environment (Fig. 5b). 

The Danian Plc(2) assemblage deposited in the 
first 60 cm above the phosphate layer is domina- 
ted by Stainforthia farafraensis, Nonionella ovata, 
Epistominella minuta and Loxostoma deadericky 
(Fig. 5a,b). Bou Dagher (1987) interpreted similar 
assemblages as indicative of restricted, hyposaline 
lagoonal to near-shore regressive facies. At Seldja 
this biofacies probably represents a nearshore 
hyposaline, low oxygen regressive environment 
similar to the latest  Maastrichtian as indicated by 
similar biofacies, pr imary productivity, oxygen iso- 
tope trends (Fig. 6), as well as mineralogical 
values. Upsection in Plc(2), the benthic assem- 
blages remain relatively constant, though L. dea- 
dericky decreases, S. farafraensis increases and 
additional low oxygen tolerant species appear 
(Bulimina reussi, B. gr. trigonalis) along with 
increasingly abundant  wood and plant  debris (Fig. 
5a,b). This suggests a shallow, low oxygen, hyposa- 
line near-shore environment though with increa- 
sed surface productivity as suggested by increased 
carbon isotope values (Fig. 6). In the upper  par t  of 
Plc(2), the reappearance of A. praeacuta, and the 
first occurrences of additional inner neritic species 
(Gyroidina nitidus, Bulimina asperoaculeata, 
Caucasina minuta) suggests a rising sea level and 
deepening to an inner neritic hyposaline low oxy- 
gen environment.  The percentage of Danian 
planktic foraminifera in these Plc (2) sediments is 
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high which suggests high surface productivity and 
a connection to the open sea. 

S T A B L E  I S O T O P E S  

Bulk rock samples were analyzed for all litholo- 
gies including the carbonate-poor clayey layers 
between the K/T sandstone and early Danian 
phosphate. The Seldja bulk rock 513C record is 
similar to the benthic record at E1 Kef (Keller and 
Lindinger 1989) because the carbonate fraction is 
dominated by benthic foraminifera with planktic 
foraminifera and nannofossils relatively minor 
constituents. However, these two sections also dif- 
fer in impor tan t  aspects. During the la tes t  
Maastrichtian, ~C values average -1 to -1.2 per- 
mill (Fig. 6) and are comparable to the benthic 
values for the same interval at E1 Kef. Though 
during the last 80 cm of the Maastrichtian ~13C 

values decreased by 1.5 permill and suggest 
decreasing productivity (Fig. 6). Within the K/T 
sandstone layer and the first 10 cm clayey shale 
above it, 013C values average -0.3 permil], or near- 
ly 2 permill heavier than during the underlying 
Maastrichtian. In contrast, surface and bulk rock 
values generally decrease by 2-3 permill at the 
K/T boundary in low to middle lati tudes (Zachos et 
al. 1989). Above this positive excursion at Selja 
and through the early Danian Zone Pla (NP1), 513C 
values average -1.3 permill and are comparable to 
the late Maastrichtian preceding the 1.5 permill 
decrease. In Zone Plc (NP2), 2 m above the K/T 
boundary, 013C values rapidly increase by 2 per- 
mill. This increase coincides with a sea-level 
transgression and the evolution of the first high 
diversity and abundant  Danian planktic foramini- 
feral assemblages globally and has been interpre- 
ted as the post-K/T recovery in pr imary producti- 
vity (Keller & Lindinger 1989; Zachos et al. 1989). 
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The major differences between Seldja and E1 Kef 
are thus  in the decreasing latest  Maastrichtian 
013C values and the absence of a major negative 
excursion at the K/T boundary. The former sug- 
gests tha t  productivity declined prior to the K/T 
boundary, and the la t ter  implies tha t  productivity 
was not severely affected by the K/T boundary 
event. The absence of the negative carbon excur- 
sion is not likely due to the short hiatus  at Seldja 
because at E1 Kef this excursion lasted well into 
the early zone Plc and hence should be recorded 
at Selja in zone Pla. It is more likely that  the 
absence of this negative excursion at Seldja is due 
to the fact tha t  bulk rock carbonate at Seldja 
during the early Danian Pla consists primarily of 
benthic foraminifera and hence measures  largely 
bottom water  productivity which did not decrease 
across the  K/T transit ion at E1 Kef or elsewhere 
(Keller & Lindinger 1989; Zachos et al. 1989). It is 
also possible tha t  the high earliest Danian values 

are biased due to the  presence of reworked 
Cretaceous planktic foraminifera and nannofos- 
sils. Though the relative abundance pat terns  of 
benthic foraminifera do not indicate major rewor- 
king in this group (Fig. 5a,b) and 513C values 
below the disconformity at the base of the sand- 
stone layer from which reworking likely occurred 
are significantly lower. These differences between 
E1 Kef and Seldja may also be due to their respec- 
tive oceanographic settings. E1 Kef was located in 
an upper  slope to outer shelf marine environment 
and subject to upwelling, whereas  Seldja was 
located in a restricted inner neritic to coastal or 
lagoonal environment subject to nut r ient  influx 
from the continent. TOC values remained essen- 
tially unchanged during the late Maastr icht ian 
and early Danian (Pla) and significantly increa- 
sed only within the phosphate layer. 

Though oxygen isotope values at Seldja are pro- 
bably compromised by diagenetic alteration of 
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Noter l'accroissement en quartz et feldspaths entre le gr~s K / T  et les couches phosphatdes du Danien infdrieur (P la /P lc )  suggdrant 
de bas niveaux matins et une accentuation de l~rosion. Le pic d'abondance en apatite dans les couches phosphatdes sugg~re des 
niveaux nutritifs dlevds et probablement des mers transgressives. 
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carbonate and therefore no absolute temperature  
values can be interpreted, general climatic t rends 
are apparent .  During the late Maastrichtian as 
well as early Danian Plc (NP2), 51sO values avera- 
ge about  -2.5 permill and are comparable to E1 
Kef. During the earliest Danian Pla zone, 51sO 
values average -1.5 permill (Fig. 6). Within the 
phosphate  layer jus t  above the Pla/Plc boundary 
and hiatus, values decrease to -4.5 permill proba- 
bly as a result  of meteoric waters. These ~180 
trends suggest similar late Maastrichtian and 
early Danian Plc(2) tempera tures  in the Seldja 
area, but  a significantly cooler earliest Danian 
Pla interval. A cooler climate during the early 
Danian (Pla) has been observed in many  marine 
sequences (e.g., Zachos & Arthur  1986). However, 
at Seldja the  cooler early Danian (Pla) climate 
signal may  be suspect  due to salinity fluctuations 
as well as to insufficient gas for reliable measure- 
ments  because bulk carbonate averages less than 
5% in this interval. 

MINERALOGICAL ANALYSES 

B u l k  R o c k  C o m p o s i t i o n  - Relative changes in 
bulk rock composition reflect variations in sedi- 
ment  source, intensi ty of weathering and erosion 
under  arid and humid climates, and the variable 
influx of terrigenous sediments into the oceans 
during high and low sea levels. At Seldja the basal  
50 cm of the section are marked by low calcite 
(<10%), low quartz (<5%) and low feldspar (<2%), 
but  abundant  phyllosilicates (>80%, Fig. 7). In the 
uppermost  Maastr icht ian (up to 50cm below the 
KT boundary),  calcite increased to 20-25%, phyl- 
losilicates decreased to 70% and a minor compo- 
nent  of goethite (1%) is present,  though quartz 
and feldspar remain low. A major change in bulk 
rock composition occurs between the disconformi- 
ties at the  K/T boundary  sandstone and phospha- 
te layer. In this interval calcite is nearly absent, 
phyllosilicates decreased to <50% whereas quartz 
increased to 30-50%, and feldspar and plagioclase 
increased significantly (up to 11% and 13% res- 
pectively). Another mineralogical change occurs 
in the  overlying 25 cm thick silty phosphate layer. 
The lower 15 cm of this phosphate layer is marked 
by 16% calcite, low quartz and feldspar, 60% phyl- 
losilicates and the first occurrence of phosphate 
(F-Ca apatite). The upper  10 cm are marked by 
increased phosphate  (to 37%) which persists, 
though in decreasing abundance in the 30 cm 
above the phosphate layer. The relatively high 
gypsum (28-38%) near the top of the phosphate 
layer is of late diagenetic origin. In the shales 
above the phosphate  layer phyllosilicates (60%) 
and calcite (40%) dominate. 

These bulk rock compositions suggest  changes in 
sea level or tectonic activity and erosion. For 
example, the increased influx of quartz, K-feld- 
spar and plagioclase beginning at the K/T boun- 
dary indicates increased erosion of the nearby 
Kasserine Island due to a sea-level fall and/or tec- 
tonic activity. The phosphate  enriched upper 10 
cm of the phosphate layer indicate a condensed 
interval possibly during a rising sea-level (FSllmi 
1990; FSllmi et al. 1992). The brief episode of early 
Danian phosphate deposition reflects the first 
invasion of nutrient-rich oceanic waters  onto the 
Saharan platform; phosphate  deposition domi- 
nates the upper Paleocene to Eocene sediments  in 
the  Metlaoui  region. However,  in the  upper  
Danian zone Plc(2), the high calcite and phyllosi- 
licates suggest tha t  normal marine sedimentat ion 
resumed during a rising sea level (Fig. 7). These 
interpretations are in general agreement  with the 
lithological observations, biostrat igraphic infe- 
rences of hiatuses and the sea level changes inter- 
preted from benthic foraminifera (Fig. 5b) and 
stable isotope data. 

TOC - Total organic content (TOC) in sediments 
may reflect terrigenous influx or increased marine 
productivity. At Seldja, TOC values are low during 
the late Maastrichtian (<0.3%) and increased only 
slightly in the K/T sandstone layer and within the 
lower Danian zone Pla, or the lower par t  of zone 
Plc(2) (Fig. 8). A significant increase occurs within 
the phosphate layer (>1%) and a sustained increa- 
se to 0.4 to 0.6% occurs in the upper par t  of zone 
Plc(2). Because organic matter  associated with 
phosphate and glauconite is generally marked by 
the high H/C ratios indicative of marine origin 
(Burollet & Oudin 1980), TOC in the phosphate 
layer suggests high nutrients and/or high produc- 
tivity and an open marine environment. The 0.4- 
0.6% TOC values in the upper par t  of zone Plc(2) 
represent mean TOC values for the Paleocene- 
Eocene interval of Tunisia (Burollet and Oudin 
1980) and hence suggest normal marine condi- 
tions. This interpretat ion is supported by the 
appearance of the first high diversity Danian 
planktic foraminiferal assemblages at Seldja as 
well as globally at this time. 

C l a y  M i n e r a l s  - Clay mineral  assemblages  
reflect continental morphology and tectonic acti- 
vity as well as climate evolution and associated 
sea-level fluctuations (Chamley 1989; Weaver 
1989). Mica and chlorite are considered common 
byproducts  of weather ing  react ions with low 
hydrolisis typical of cool to temperate  and dry cli- 
mates. Kaolinite is generally a byproduct  of high- 
ly hydrolitic weathering reactions in constant 
warm humid climates. The presence of abundant  
smectite is generally linked to t ransgressive seas 
and warm climate with al ternat ing humid and 
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Oued Seldja: 
Composite Clay Minerals 
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FIGURE 8 - Clay  m i n e r a l  compos i t ions  and  in fe r r red  c l imat ic  condi t ions  across  t he  K/T t r a n s i t i o n  a t  Oued  Seldja.  See t ex t  for in te r -  
p re t a t ions .  Composition en mindraux argileux et conditions climatiques ddduites au passage K / T  & Oued Seldja. Voir le texte pour 
les interprgtations. 

arid seasons, but it can also reflect volcanic acti- 
vity. Thus, the index of kaolinite/(chlorite+mica) 
represents an est imate of cold to temperate-dry 
and warm-humid climates, whereas the kaolini- 
te/smectite index reflects climate variations from 
humid/warm to more seasonal. 

During the latest  Maastr icht ian to early Danian, 
Seldja was located on a shallow marine platform 
with little hydrodynamic activity and hence little 
mineral  se~:egation tha t  could mask or exaggera- 
te the climate signal (Adatte & Rumley 1989; 
Chamley 1989; Monaco et al. 1982). Since kaolini- 
te and chlorite are more abundant  in coastal 
areas and smectite in open marine environments, 
the kaolinite/smectite ratio is generally used as 
indicator for sea-level changes. 

At Seldja the clay mineral  assemblages are domi- 
nated by kaolinite (55-80%) and variable smectite 
(12-40%), but contain low chlorite (0-11%) and 

mica (2-6%, Fig. 8). Within this t rend smectite 
reaches maximum mean values in the lower 1.1 m 
of the section and in the upper 3 m of subzone 
Plc(2). The low kaolinite/smectite (K/S) ratio in 
these two intervals suggests warm to temperate  
seasonal climatic conditions with a relatively high 
sea-level (inner neritic) dur ing the  la tes t  
Maastrichtian and during deposition of the upper 
part  of the lower Danian subzone Plc(2) as also 
suggested by benthic foraminifera  (Fig. 5b). 
Higher K/S ratios are observed beginning 1 m 
below the K/T boundary, within the lower Danian 
zone Pla and in the lower 1.5 m of subzone Plc(2). 
These intervals suggest the presence of a warm 
and humid climate with prolonged rainfall  and 
relatively lower sea-level (coastal). The abundan- 
ce of hyposaline benthic foraminifera (Fig. 5a,b) 
and the increased influx of detritus (Fig. 7) during 
these intervals suggest increased riverine runoff 
during sea-level lowstands. 
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T R A C E  E L E M E N T  A N A L Y S I S  

Finely ground bulk rock samples were analyzed 
by energy dispersive X-ray fluorescence (ED-XRF) 
for 24 elements including the trace elements Ni, 
Cu, Zn, Sr, Mo, Cd, Ba, La and Ce. Nearly all ele- 
ments show considerable variations in their 
concentrations in the Seldja section. To aid the 
interpretation of environmental affinities, bulk 
rock and clay minerals were included in the data 
analysis. In a first attempt at evaluating patterns 
and interpreting environmental signals, the data- 
set was subjected to hierarchical cluster analysis 
of the Pearson correlation matrix and then pro- 
cessed by an R-mode factor analysis as discussed 
below. 

H i e r a r c h i c a l  c l u s t e r  a n a l y s i s  - The dendro- 
gram for the cluster analysis of the Pearson cor- 
relation matrix is given in  Figure 9. Elements 
near the detection limit, or not clearly linked to 
other elements, are not in the correlation matrix. 
The dendrogram shows two characteristic groups 
of elements: one of a more biogenic carbonate ori- 
gin (e.g., ~3C and ~80; Sr, Ca and Ni; Cd and Zn), 
and the second of more terrigenous detrital origin 
(Ti, Ba, Zr, Nb, Ga, Pb, Rb, Fe, La, Ce, Th and Y). 
Within the latter group, Ga, Nb, Zr, Ba and Ti 
show very similar patterns at Seldja (Zr vs Ba, r = 
0.95, Figure 10a). The low linkage of Cd and Zn to 
the biogenic growth is an indication that both ele- 
ments are ofbiogenic and terrigenous origin. Ba is 
often used as indicator for nutrients, but detrital 
components can also be the main source for Ba in 
sediments. For example, Ga behaves geochemical- 
ly similar to A1 and is contained mainly in feld- 
spars and clay minerals, whereas Nb-, Zr- and Ti- 

bearing minerals are resistant to weathering 
(Calvert et al. 1996). The covariation of Ba with 
these detrital components suggests that the major 
part of Ba at Seldja is of terrigenous origin and 
can not be used in this case as indicator for pri- 
mary productivity. 

Sr shows the closest covariance with Ca (r = 0.81, 
Fig. 10b) which indicates that the major part is of 
biogenic origin and the variations in the Sr/Ca 
ratio therefore reflect sea-level changes (Stoll & 
Schrag 1996; Li et al. in press). However, in inter- 
vals of very low CaCO~ content, a considerable 
part of the Sr is likely to be of terrigenous origin. 
For example in zone Pla, the Sr/Ca ratios may 
have shifted in favor of Sr due to the Sr c o n t e n t  in  
feldspars or clay minerals of terrigenous origin 
(Fig. 11). 

Heavy metals (HM) can generally be used as indi- 
cator for primary production (Shen et al. 1987; 
Mongenot et al. 1996), especially if an increase in 
HM contents coincides with decreased 013C values. 
However, HM/Ca- ratios can also be modified by 
detrital sediments and scavenging by Fe-Mn- 
oxides. At Seldja no correlation between Fe and 
Mn can be observed and generally high Zn/Ca 
ratios and Cd/Ca ratios (Fig. 11) occur together 
with low 51~C values. At very low CaCO3 contents 
(e.g., zone Pla) these ratios shift due to coprecipi- 
tation of HM with Fe-Mn- oxides, or HM influx by 
detrital material. 

R - m o d e  f a c t o r  a n a l y s i s  - The observations 
above are supported by R-mode factor analysis. 
This analysis includes, in addition to chemical 
and isotopic data, the semi-quatitative mineral 
composition of rock samples as determined by X- 

FIGURE 9 - D e n d r o g r a m  for 
P e a r s o n  co r r e l a t i on  coefficients  
(we igh t ed  p a i r  g roup  ave rage )  
for 42  s a m p l e s  f rom the  Se ld ja  
sect ion.  U n l i n k e d  e l e m e n t s  a nd  
e l e m e n t s  n e a r  t h e  d e t e c t i o n  
l imit a r e  removed .  See t e x t  for 
d i s c u s s i o n .  Dendrogramme 
pour les coefficients de corrdla- 
tion de Pearson pour 42 dchan- 
tillons de la coupe de Seldja. Les 
dldments non lids et ceux dt la 
limite de ddtection sont sup- 
primds. Voir le texte pour  discus- 
sion. 
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ray diffractometry. Though elements with concen- 
trat ion ranges close to detection limits (As, Mo, 
Ag, Sb) and some minerals with low contents and 
only sporadic occurrences were not included in 
this analysis. The mineral composition was mea- 
sured from bulk rock samples, except for the clay 
minerals (mica, kaolinite, chlorite and smectite) 
which were measured  from the <2 ~m size frac- 
tion. In order to avoid induced correlation among 
the clay mineral  phases which represent  a tightly 
closed data  array (just four parameters  comprise 
100%), the initial values were recalculated to give 
a sum which equals the amount  of the phyllosili- 
cates determined in the bulk samples. The analy- 
sis was performed using the statistical software 
package WINSta tQ 3.1. The eigenvalue was set at 
1.0 as a threshold in order to limit the number  of 
extracted factors. The 31 initial parameters  are 
reduced in this way  to six factors, which account 
for 87.7% of the total variance. Factors can be 
interpreted from the loading of the parameters  
(loading close to +_1 are shaded in, Tab. 5) as dis- 
cussed below. 

Factor  I - This factor includes parameters  rela- 
ted to the biogenic carbonate component (CaO, 
Ca, St, Ni) and accounts for 39.5% of the variance. 
In addition to the carbonate specific Sr, Ni is 
known to be incorporated in the skeletal par t  of 
some mar ine  organisms through nu t r ien ts  
(Chester 1990). A set of other elements (TiO2, Zr, 
Nb, Sn, Ba, Pb, Ga, Th, Fe20~) have comparably 
high absolute loadings, but  are opposite in sign. 
The association of these elements suggests a rela- 
tion to the heavy mineral  fraction of the detrital 
component which is mineralogically in amounts 

below the detection limit of XRD. These results 
suggest that  factor 1 represents  an efficient indi- 
cator for sedimentary environments. Low factor 
scores suggest relatively high erosion and near- 
shore deposition enhanced by heavy minerals, 
whereas high factor scores suggest periods of car- 
bonate sedimentation and high productivity. The 
moderately high positive loading of 513C (indicati- 
ve of higher pr imary productivity) and negative 
loading for detrital minerals (feldspars, quartz, 
phyllosilicates) further  support  this interpreta- 
tion. In the context of the Seldja section, factor 1 
suggests terrigenous influx of shaly and silty sedi- 
ments  due to enhanced erosion during sea-level 
lowstands. 

Factor  2 - This factor is characterized by Y, the 
REE (La, Ce) and the minerals apati te  and gyp- 
sum respectively, and accounts for 16.0% of the 
variance. The element/mineral association is due 
to the fact that  REE and Y are trace consti tuents 
of apatite. The generally high U content in some 
biogenic phosphate is here reflected by the relati- 
vely high loading for Th. In the context of the 
Seldja section, factor 2 represents  the open mari- 
ne environment in which the phosphate  formed 
and subsequently diagenetic gypsum. 

Factor  3 - The mineralogic components of factor 
3 il lustrate two extremes of detrital  sedimenta- 
tion and account for 11.7% of the variance. One 
end member  represents  deposition of coarser sedi- 
ments in near-shore environments which are com- 
posed of mechanically more res is tant  components 
(quartz) and feldspars (positive loading). The 
other  end member  represen ts  p redominan t ly  
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sediment  deposition in deeper waters  (marls, 
negative loading). In the context of the Seldja sec- 
tion, positive loading of factor 3, or coarser sedi- 
ment  deposition, would occur at the K/T bounda- 
ry and in the earliest  Danian (Pla) (see Fig. 7). 

Factor  4 - This factor (7.6% variance) clusters the 
mineral components of the clay fraction <2 pm 
and therefore could be considered the equivalent 
of clay sedimentation. In the context of Seldja, 
this factor suggests high clay sedimentation in 
the late Maastr icht ian and Danian zone Plc(2) 
(see Fig. 8). 

Factor 5 - This factor (6.6% variance) includes the 
well-known geochemical element association of Zn 
and Cd. Though in the absence of mineral phases, it 
is diftScult to constrain the concrete sedimentologi- 
cal meaning. These elements could be related to 
some sulphidic components, with factor 5 indica- 
ting low oxygen conditions, or they could be scaven- 
ged by iron oxides/hydroxides and hence suggest 
the opposite conditions. However, the increased 
abundance of low oxygen tolerant benthic foramini- 
fera associated with these elements suggests that 
factor 5 indicates low oxygen conditions. 

Factor  6 - Clustering of the oxygen and carbon 
isotope ratios as an independent  factor 6 (6.1% 
variance) is a consequence of the relatively high 
correlation between them (r = 0.8). However, this 
high correlation is due to only two samples (Tab. 

3, samples 5 and 11) in which the delta values are 
very low and the carbonate is diagenetically alte- 
red. For further comments see the section on 
Stable Isotopes. 

DISCUSSION 

Our pr imary objective in this s tudy was to eva- 
luate the paleoenvironmental  conditions across 
the Cretaceous-Tertiary transit ion in a shallow 
littoral to coastal sett ing at the edge of the 
Saharan platform, and more specifically to deter- 
mine longterm and short term variat ions which 
may  have been caused by terrestr ial  and extra- 
terrestrial  events respectively. Shallow nearshore 
depositional environments are difficult to inter- 
prete because they are strongly influenced by 
more factors than deeper water  marine settings, 
including t empera tu re ,  salinity, oxygen and 
nu t r i en t  f luctuat ions,  t e r r igenous  sed iment  
influx, erosion, tectonic activity and eustatic sea- 
level changes. In addition, diagenetic alteration, 
chemical interaction, and mixing of terrestr ial  
and marine parameters  in various trace elements 
(e.g., St, Cd, Ba) further  challenge paleoenviron- 
mental  interpretat ions.  These challenges not- 
withstanding and to maximize the information 
obtainable,  we ut i l ized a mul t i -d isc ip l inary  
approach that  includes various faunal, mineralo- 
gical and geochemical studies. 
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TABLE 3 - Stable oxygen 
and carbon isotope analy- 
sis, Ca, Zn/Ca, Sr/Ca and 
Cd/Ca ratios across the 
K/T boundary  at  Oued 
Seldja, Tunisia. Analyses 
pour l'oxyg~ne stable et le 
carbone isotopique, le Ca 
et les rapports  Z n / C a ,  
S r / C a  et C d / C a  au pas- 
sage K / T  h Oued Seldja. 

Samples Depth Delta 13C Delta 180 Ca [%] Zn/Ca Sr/Ca Cd/Ca 

$40 7.20 0.720 -2.796 17.9 7.2971 14.7909 0.1426 
$39 6.60 0.052 -2.607 15.8 7.7972 12.7539 0.1448 
$38 6.10 0A34 -2.699 13.7 13.6525 13.8603 0.2429 
$37 5.60 -0.506 -2.263 13.0 17.6668 21.4322 0.2761 
$36 5.10 0.158 -2.654 17.9 10.0945 21.4923 0.2248 
$35 4.60 -0.362 -2.634 11.3 13.0216 19.2798 0.1088 
$34 4.10 -0.004 -2.881 12.6 5.1957 16.5938 0.0603 
$33 3.70 -0.423 -2.579 20.0 4.2023 22.6260 0.0714 
$32 3.10 -0.840 -2.781 17.3 4.1942 14.3567 0.0450 
$31 2.70 -0.348 -2.504 15.7 3.7550 19.5321 0.0292 
$30 2.50 -0.306 -2.329 14.9 6.7022 20.2818 0.0658 
$29 2.20 -1.287 ,°2.568 14.1 16.3147 17.5938 0.1561 
528B 2.00 0.024 -2.686 16.0 19.3777 25.0704 0.1627 
527B 2.00 -1.539 -4.414 17.8 25.9389 47.4909 0.1310 
$28 1.80 -1.530 -4.291 16.5 28.3126 39.1233 0.3034 
$27 1.80 -1.266 -2.445 9.1 31.5070 33.0385 0.2072 
$26 1.50 -1.303 -2.131 6.4 46.6284 26.6035 0.1909 
$25 1.30 -1.308 -1.623 1.O 277.1016 0.0000 1.1057 
$24 1.20 -1.344 -1.556 3.4 46.7372 14.0988 0.1070 
$23 1.10 -0.976 -1.096 1.9 66.5587 4.4444 0.2888 
$22 1.00 -1.794 -2.077 3.5 30.7825 10.5965 0.0597 
$21 0.90 -0.723 -1.281 2.6 35.1464 9.2421 0.1479 
$20 0.75 -0.879 -1.134 1.9 49.5595 4.1011 0.5934 
S 19 0.60 -1.591 -1.714 4.8 11. 0427 13. 9110 0.0962 
$18 0.50 -2.722 -1.654 0.6 126.7841 2.8815 0.0000 
S17 0.40 -1.325 -2.966 4.3 36.2908 15.0015 0.1053 
S 16 0.30 -0.367 -1.323 8.0 50.6533 14.2881 0.2125 
$15 0.20 -0.372 -1.276 11.5 30.1904 13.0206 0~3553 
S 14 0.00 -0.209 -1.372 17.8 39.0056 16.4739 0.5591 
$13 -0.20 -2.183 -3.432 9.6 22.0342 19.1854 0.2742 
S 12 -0.30 -1.385 -2.317 9.6 17.3030 20.2271 9.2137 
$11 -0.40 -5.265 -10.744 9.1 17.2013 20.5995 0.1898 
$10 -0.50 -0.937 -2.275 9.3 16.6721 21.7743 0.2040 
S09 -0.70 -0.797 -2.448 7.9 20.5286 25.2519 0.2223 
S08 -0.90 -1.291 -2.687 8.2 8.6409 20.1899 0.0000 
S07 -1.10 -1.296 -2.428 6.8 10.1290 20.3699 0.1518 
S06 -1.30 -1.170 -2.143 5.8 12.4552 19.4202 0.0069 
S05 -1.50 -6.018 -12.158 5.7 12.1831 18.1318 0.0370 
S04 -1.70 -1.113 -2.680 4.3 17.4051 19.7610 0.0391 
S03 -1.90 -1.128 -3.235 3.8 23.9752 22.8854 0.0000 
S02 -2.10 -0.300 -2.274 3.7 58.2840 20.5849 0.0350 

Our first t a sk  was to determine the biostratigra- 
phic age and completeness of the section which 
was done based on nannofossils and planktic fora- 
minifera. The results  indicate the presence of two 
short hiatuses,  one at the K/T boundary  and the 
other in the early Danian. Hiatuses  at similar 
s t rat igraphic positions have been determined 
worldwide and mark  global sea-level lowstands 
(MacLeod & Keller 1991a,b; Keller & Stinnesbeck 
1996). At Seldja the K/T boundary  hiatus spans at 
a min imum the lowermost  Danian  zone P0 
(approximately 50 kyr) and at a maximum the 
lower par t  of zone Pla, P0 and the uppermost  par t  
of the latest  Maastr icht ian zone CF1 (approxima- 
rely 150-200 kyr). The early Danian hiatus spans 
the lower par t  of zone Plc and zone Plb (approxi- 
mately  150-250 kyr). Both hiatuses  are marked by 
lithological disconformities, undulat ing erosional 
surfaces, rip-up clasts and t runcated burrows. 

Critical to this s tudy is the K/T boundary  hiatus  
because any direct impact signal (e.g., Ir, spinels, 
spherules, red layer, clay) that  may have been pre- 
sent was eroded. The Seldja section therefore can 
not address the short term effects of the impact 
event. However, longterm trends beginning before 
and continuing long after the K/T boundary  event 
can be evaluated. 

Within these limitations we evaluated the faunal 
turnover and extinction pa t te rn  in planktic fora- 
minifera, the microfossil group most severely 
affected by the K/T boundary mass  extinction 
(Figs 4a,b). The mass extinction eliminated gene- 
rally large, ornate, tropical and subtropical taxa 
which lived at depths at or below the thermocline 
(for a review see Keller 1996). At Seldja, there is 
no clear mass extinction pa t te rn  because these 
extinction-prone taxa are rare and only sporadi- 
cally present  in this shallow water  environment.  
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Though they comprise about half of the species, 
they are less than 10% in combined relative abun- 
dance, and most disappear at or below the K/T 
boundary hiatus. Their last appearances most 
likely represent marine incursions, rather than 
extinctions. However, the faunal turnover pattern 
of the dominant fauna is similar to that in deeper 
water environments to the north (El Kef, Elles), 
though relative species abundances differ. Most 
notable is the similarity in the Cretaceous survi- 
vor fauna which is dominated by environmentally 
tolerant biserial and triserial species that range 
well into the early Danian zones Pla to Plc. This 
fauna survived the K/T boundary event world- 
wide (MacLeod & Keller 1994) and is particularly 
abundant in high latitudes and shallow seas. The 
latter is the probable reason for their success at 
Seldja where this group dominated (>90%) the 
faunal assemblages during the late Maastrich- 
tian. However, biserial taxa begin to decline and 
triserial taxa to dominate during deposition of the 
last meter below the K/T boundary. This suggests 
increasing environmental stress beginning well 
before the K/T boundary impact event. 

Sea-level, climate and productivity fluctuations 
appear to be the major external causes for biodi- 
versity variations at Seldja, with low sea-levels, 
warm humid climate and low productivity gene- 
rally associated with decreased diversity. This is 

clearly observed in both planktic and benthic fora- 
minifera at Seldja where species richness drama- 
tically declined during the latest Maastrichtian 
(50-100 cm below KT), remained low during the 
time of low sea-levels and low productivity of the 
early Danian (Pla), and returned to normal late 
Maastrichtian levels with the rising sea level and 
rising productivity during Danian zone Plc(2) 
(Fig. 12). Though the effects of oxygen on biodi- 
versity are less well understood, the Seldja sec- 
tion suggests that oxygen (based on low oxygen 
tolerant faunas and the association of Zn and Cd, 
see R-mode factor 5) remained low at times of low 
productivity and was highest at times of sea level 
inflection points (Fig. 12). Biotic effects of salinity 
changes (here inferred from benthic faunas and 
rainfall inferred from clay minerals) are poorly 
understood, though low salinity trends mirror low 
sea-level and low productivity conditions. This 
suggests that on the shallow Saharan platform 
adverse environmental conditions beginning in 
the latest Maastrichtian and including freshwater 
influx, low oxygen, low sea-levels and decreasing 
productivity, conspired against the survivorship of 
the tropical Cretaceous fauna. 

Sea-level changes can be evaluated by a number of 
faunal, geochemical, and mineralogical proxies, 
though the signal may be overprinted by tectonic 
activity and diagenesis. For the Seldja section we 

Oued Seldja: Paleoenvironment 

- . , i l - -  -.ll.--- ~ ~ ~ -.,il-- season al 0 5 10 15 20 
coastal marine low decreasing low seasonal warm/temperate species number 

FIGURE 12 - Summary graph of paleoenvironmentai conditions across the K-T transit ion at  Seldja as interpreted ti'om taunal,  mine- 
ralogical, geochemical and trace element studies. Note tha t  in the shallow Saharan  platform region of Tunisia low sea-levels, low pro- 
ductivity and low species richness generally coincide with high rainfall and humid/warm climates, low salinity, low oxygen and high 
terrigenous influx. Graphique rdsumant les conditions paldoenvironnementales au passage K~ T & Seldja, interprdtdes d'apr~s les gtudes 
fauniques, mingralogiques, gdochimiques et des dldments-traces. Noter que sur la plate-forme saharienne peu profonde de Tunisie les bas 
niveaux marins, la faible productivitd et la faible richesse spdcifique co[ncident gdngralernent avec une forte pluviositd et des climats 
chauds et hurnides, une faible salinitg, une faible oxygdnation et d'importants apports terrig~nes. 
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factor Ioadings 

F1 F2 F3 F4 F5 F6 Communalities 

CaO 0,00-0,07-0,12 0,14 0,02 0,97 
TiO 2 -0,08 0,04 0,14-0,15-0,01 0,97 
Ga -0,05 0,09 0,11-0,14-0,04 0,94 
Ba -0,05 0,09 0,13-0,16-0,01 0,95 
Zr -0,05-0,10 0,17-0,15-0,13 0,95 
Nb -0,15-0,07 0,19-0,13-0,05 0,93 
Ni 0184-0,20-0,18-0,15-0,15 0,08 0,83 
Fe20 3 ~0!83 0,14 0,39 0,08 0,19 0,05 0,89 
Pb -083-0,28 0,02 0,05-0,34-0,03 0,88 

:0182-0,20 0,28-0,04-0,14-0,01 
Sr O Z 9  0,54-0,13-0,17 0,08-0,05 0,96 
Sn "077-0,09 0,09 0,24 0,02-0,12 0,68 

-0,35 -0,41 -0,13 -0,28 0,02 0,92 

~ h -0;72 0,60 0,07-0,03-0,08-0,18 0,92 
0 -0,05 0,98 

apatite 0 -0,06 0,89 
La -0 -0,01 0,88 
gypsum 0 -0,04 0,73 
Ce -0 -0,02 0,94 
plagioclase -0 0,07 0,91 
quartz -0 0,07 0,86 
phyllosilicates -0 -0,10 0,89 
K-feldspar -0 0,05 0,74 
smectite -0 -0,24 0,63 
mica -0 -0,05 0,87 
chlorite -0 -0,02 0,80 
caoline -0 0,02 0,67 
Cd 0 0,04 0,94 
Zn 0 0,08 0,91 
8180 -0,11-0,06 0,22-0,03 006:',~(0!95 0,97 
(513 0 0,34 -0,11 0,04 -0,06 0 03!~ii0i#i 0,96 
percent of variance 39,55 16,07 11,67 7,68 6,61 6,12 87,70 _ 

TABLE 4 - Factor analysis of trace elements across the K/T boundary at Oued Seldja, Tunisia. Analyse factorielle des dlgments- 
traces & la limite K /  T ~t Oued Seldja, Tunisie. 

have used three proxies: benthic foraminifera (fau- 
nal associations of inner neritic vs. coastal), bulk 
rock compositions (terrigenous influx suggests 
erosion and nearshore deposition), and Sr/Ca 
ratios (reflecting eustatic sea-level changes). 

Benthic foraminiferal  assemblages  indicate a 
change from an inner neritic to coastal environ- 
ment  during the latest  Maastrichtian, a near- 
shore coastal  env i ronment  dur ing the early 
Danian (Pla) and a re turn  to offshore inner neri- 
tic depths during the middle Danian (Plc, Fig. 5b). 
Bulk rock compositions generally support  this 
sea-level history (see also R-mode factors l and  2) 
and show a strong influx of terrigenous sediments 
(quartz, feldspars) during the early Danian (Pla) 

and predominantly carbonate deposition during 
offshore inner neritic phases (Fig. 7). Sr/Ca ratios, 
which reflect eustatic sea-level changes in the 
deep-sea where Ca is predominantly of biogenic 
origin (Stoll & Schrag 1996; Li et al. in press), 
confirms the faunal and mineralogical proxies 
indicating rising seas during the late Maastri- 
chtian and Danian (Plc(2), Fig. 12). Though in 
nearshore environments, such as during the ear- 
liest Danian (Pla), this method must  be applied 
with caution because of the influx of Sr from ter- 
rigenous sources (e.g., Sr in feldspars and clays) 
and very low (<5%) CaCO3 content which results  
in the opposite signal at  Seldja. Though Sr/Ca 
ratios and benthic faunas also indicate a strong 
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sea-level regression in the lower par t  of Plc(2) 
above the phosphate  layer. In addition, a good cor- 
relation is observed between high sea-levels and 
high positive d13C values and low sea-levels and 
negative values related to detrital  influx (see also 
R-mode factor 3). Though sea-level changes at 
Seldja may  be influenced by tectonic activity of 
the Kasserine Island, this appears not to have 
been a major influence during the K/T transition. 

Oxygen isotopes are most  commonly used as cli- 
mate  and tempera ture  proxies, though in the dia- 
genetically altered carbonate at Seldja only cli- 
matic t rends can be interpreted. However, climate 
is also generally related to sea-level changes as 
well as weather ing and erosion. Thus clay mine- 
rals provide a useful proxy for cool to temperate  
and dry climates (mica and chlorite), warm humid 
climates (kaolinite), and alternating humid and 
arid seasons (smectite, Fig. 8). At Seldja, climatic 
t rends interpreted from clay minerals and oxygen 
isotopic t rends generally support  each other and 
suggest  seasonal warm to temperate  climates 
coinciding with high sea-levels during the late 
Maas t r i ch t i an  and Danian  zone Plc(2), and 
warm/humid climates with high rainfall correla- 
ting with low sea-levels in the earliest Danian 
zone Pla (Fig. 12). 

This multi-disciplinary approach revealed the 
power of interdisciplinary studies to decipher the 
complex environmental  conditions that  prevailed 
dur ing the  Cre taceous-Ter t ia ry  t ransi t ion.  
Though each discipline revealed environmental 
information, the veracity of interpretations was 
significantly s t rengthened by corroborating data 
from other disciplines, and original interpreta- 
tions in some cases proofed misleading. Despite 
some gaps in the Seldja record due to two short 
hiatuses,  a relatively complete environmental  his- 
tory could be determined. Direct comparison of 
this paleoenvironment with other sections is not 
possible at this time because no such integrated 
multi-disciplinary studies exist for other sections. 
However, individual faunal, isotopic and sea-level 
records do exist for many  other K/T sections and 
offer a basis for comparison. The planktic forami- 
nifera] K/T record was recently summarized by 
Keller (1996) and shows very similar low lati tude 
trends as at Seldja. The only significant differen- 
ce is the lower abundance and presence of deeper 
dwelling large, tropical species during the late 
Maastr icht ian at Seldja. The history of eustatic 
sea-levels across the K/T transit ion was summari- 
zed by Keller and Stinnesbeck (1996) and shows 
the same sea-level pa t te rn  as at Seldja, sugges- 
ting that  local tectonic activity of the Kasserine 
Island was not a major influence at this time. 

SUMMARYANDCONCLUSIONS 

On the shallow Saharan  platform of southern 
Tunisia, a normal inner neritic marine environ- 
ment  shallowed to a nearshore  environment  
during the last 100-200 kyr of the Maastrichtian. 
This shal lowing was accompanied  by a 
warm/humid  climate wi th  increased rainfall,  
lower salinity and decreased productivity, and 
significantly decreased biodiversity in both ben- 
thic and planktic foraminifera. Near  the K/T 
boundary the sea-level regression culminated in 
erosion and deposition of a sands tone  layer. 
During the earliest Danian (Pla), low sea-levels 
prevailed with continued low oxygen, low salinity, 
high rainfall, high erosion and terrigenous sedi- 
ment  influx, accompanied by low diversity, low 
oxygen and low salinity tolerant  species. These 
environmental  conditions abrupt ly  ended with 
erosion followed by deposition of a phosphatic 
siltstone layer tha t  represents  condensed sedi- 
mentat ion in an open (transgressive) marine 
environment. Above this layer, low sea-levels and 
a re turn to near-shore, hyposaline and hypoxic 
conditions prevailed for a short interval (base of 
Plc(2) and are followed by the re-establ ishment  of 
normal open marine conditions (inner neritic) 
comparable to the late Maastr icht ian base of the 
section. This marine t ransgression is accompa- 
nied by increased productivity and TOC, and the 
first diversified foraminiferal assemblages after 
the K/T boundary event and represents  the re turn 
to normal biotic conditions. 

The results of this multi-disciplinary study indica- 
te that  longterm environmental changes, beginning 
in the latest Maastrichtian (last 200 kyr) and conti- 
nuing through the early Danian, resulted in a high- 
ly stressed physical and biotic environment at the 
edge of the Saharan platform. Sea-level fluctua- 
tions, climate changes and variations in salinity, 
oxygen, and nutrients were the primary stress 
inducing factors that  lead to the faunal turnover 
across the Cretaceous-Tertiary transition. There is 
no evidence of catastrophic effects of a bolide 
impact at Seldja partly because some sediments 
that may have contained such evidence are missing 
due to a short hiatus (P0 missing). However, the 
absence of the K/T boundary clay does not hinder 
the evaluation of the biotic consequences across the 
K/T transition, whether due to a bolide impact or 
other environmental stresses, because survivor 
taxa are present above the K/T boundary and 
extinct taxa are not. Planktic foraminifera, the 
group most severely affected by the K/T boundary 
event globally, began to decline both in number of 
species and population size during the last 100-200 
kyr of the Maastrichtian. Survivor species compri- 
sed 90% of the total population during this time 
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and  cont inued to domina te  dur ing  the  ear ly  Dan i an  
(Pla), t hough  the i r  re la t ive  abundance  decreased.  
The  r e t u r n  to no rm a l  fauna l  a s semblages  occurred 
about  500 ky r  af ter  the  K/T bounda ry  (Plc) coinci- 
den t  wi th  the  r e t u r n  of h igh  p r i m a r y  productivity, 
r i s ing sea-levels  and  open m a r i n e  conditions. 

Though  the  K/T Seldja section r ep resen t s  one of the 
mos t  shal low m a r g i n a l  sea env i ronmen t  s tudied to 
date  for th is  in terval ,  it does not  appea r  to repre-  
sent  i so la ted  or a typica l  conditions. This  is sugges- 
ted by the  global t rends  observed in sea-level  fluc- 
tuat ions ,  h ia tuses ,  as well  as fauna l  assemblages .  
We conclude t h a t  on the  S a h a r a n  p la t fo rm of sou- 
t he rn  Tunis ia ,  l ong te rm env i ronmen ta l  s t resses  
beg inn ing  100-200 kyr  before the K/T bounda ry  
and  r e l a t ed  to cl imate,  sea-level,  nut r ien t ,  oxygen 
and  sal in i ty  f luc tua t ions  were  the  p r i m a r y  causes  
for the  even tua l  demise  of  the  Cretaceous  f auna  in 
the  ear ly  Danian .  The  K/T bounda ry  bolide impac t  
appea r s  to have  h a d  a re la t ive ly  incidental  short-  
t e r m  effect on this  m a r i n e  biota.  
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