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Abstraer. - The high resolution sampling across the CretaceouslTertiary (KIT) boundary of the most expanded and continuous sections located in 
Spain and Tunisia allows us to test and elucidate the extinction model of Cretaceous planktic foraminifera in subtropical and temperate latitudes. The 
planktic foraminiferal extinction occurred over a short period, with 5 % of the species disappearing in the late Maastrichtian, 70 % of the species 
became extinct at the KIT boundary and about 25 % of the species are ranging into the early Danian. The species that became extinct at the KIT 
boundary were large, complex tropical and subtropical forms that dwelled in deep and intermediate water depths. Their disappearance constitutes the 
largest and most sudden extinction event in the history of planktic foraminifera. Nevertheless, the small cosmopolitan surface dwellers with simple 
.norphologies appear to have survived and the last of them gradually disappeared in the early Danian. The planktic foraminiferal extinction model 
::an be interpreted as a catastrophic mass extinction that was centred at the KIT boundary, and was superimposed on a less evident and controversia! 

~- gradual mass extinction which apparently began in the late Maastrichtian and continued into the early Danian. The catastrophic pattern of extinction 
of 70 % of the species at the KIT boundary is very compatible with the effect of a large asteroid impact. 

Extinction en masse des foraminiferes planctoniques a la limite Crétacé/Tertiaire 
en latitudes tropicales et tempérées 

Mots-clés. - Extinction, Foraminiferes, Crétacé, Tertiaire, Espagne, Tunisie. 

Résumé. - L'échantillonnage de haute résolution a travers la limite CrétacélTertiaire (KIT) des coupes les plus étendues et continues situées en Espagne 
et en Tunisie nous permet de réviser et d'élucider le modele d'extinction des foraminiferes planctoniques du Crétacé en latitudes tropicales et tempérées. 
L'extinction en masse s'est produite durant une courte période; 5 % des especes apparemment disparaissent au Maastrichtien supérieur, 70 % se sont 
éteintes précisement a la limite KIT et a peu pres 25 % semblent avoir disparu au Danien inférieur. Les especes ayant disparues a la limite KIT sont 
grandes et complexes, comparables aux formes vivant en milieux océaniques relativement profonds tropicaux et subtropicaux. Leur disparition représente 
I'événement d' extinction le plus important et soudain de l' histoire des foraminiferes planctoniques. Toutefois, les petites formes cosmopolites ayant 
une morphologie simple et vivant dans les eaux superfícielles semblent avoir survécu et la plupart ont disparu progressivement au cours du Danien 
inférieur. Le modele d'extinction des foraminiferes planctoniques peut etre considéré comme une extinction en masse catastrophique concentrée a la 
limite KIT et superposée a une extinction en masse graduelle moins évidente et polémique qui apparemment aurait commencé au Maastrichtien supérieur 
et aurait continué jusqu'au Danien inférieur. Le patron d'extinction catastrophique de 70 % des especes a la limite KIT est bien compatible avec les 
effets de l' impact d' un grand astéro'ide. 

VERSION FRANf;AISE ABRÉGÉE 

Actuellement il y a un consensus tres généralisé parmi les spécialistes sur le modele d'extinction des foraminiferes 
planctoniques a travers la limite CrétacélTertiaire (KIT) qui est consideré comme un modele d'extinction en masse. 
Cependant, il existe une forte controverse sur la nature de l' extinction en masse, plus catastrophique pour les uns [Smit, 
1977, 1979, 1982, 1990; Smit et Hertogen, 1980; Brinkhuis et Zachariasse, 1988; Haslett, 1994] ou plus graduelle pour 
les autres [Keller, 1988, l 989a et b, 1993, 1994, 1996; Keller et al., 1995; Canudo et al. 1991 ; MacLeod et Keller, 
1994] et par conséquent sur les causes qui l' aurait provoquée. 
L' échantillonnage de haute résolution a travers la limite KIT de plusieurs coupes situées en Espagne, en Tunisie et en 
Italie nous permet de réviser et d' élucider le modele d' extinction de foraminiferes planctoniques du Crétacé en latitudes 
tropicales et tempérées. Les coupes étudiées qui sont les plus étendues et continues, connues jusqu' a présent sont les 
suivantes : Agost et Caravaca (Cordilleres Bétiques, Sud de l'Espagne), Zumaya (Pyrénées, Nord de l'Espagne) et Ain 
Settara (Atlas, Tunisie centrale). 
L' extinction en masse des foraminiferes planctoniques a travers la limite CrétacélTertiaire en latitudes tropicales et tem­
pérées s'est produite durant une courte période; 5 o/o des especes apparemment disparaissent au Maastrichtien supérieur, 
70 o/o se sont éteintes précisement a la limite KIT et a peu pres 25 o/o semblent avoir disparu au Danien inférieur. Les 
especes ayant disparues a Ja limite KIT sont grandes et complexes, des formes vivant en milieux océaniques profonds 
tropicaux et subtropicaux [Keller, 1993, 1994, 1996]. Ces formes ne constituent qu' environ 20 o/o des spécimens de la 
population de taille supérieure a 63 microns et 30 o/o de la population supérieure a 100 microns. Cependant, leur disparition 
représente J'événement d'extinction le plus important et soudain de J'histoire des foraminiferes planctoniques [Luterbacher 
et Premoli Silva, 1964; Molina, 1994, 1995; Molina et al., 1996; Arenillas, 1996; Arz, 1996]. 
Toutefois, les petites formes cosmopolites ayant une morphologie simple et vivant dans les eaux superficielles semblent 
avoir survécu et la plupart ont disparu progressivement au cours du Danien inférieur. Quelques-unes d' entre elles sont 
probablement remaniées et des études isotopiques seraient nécessaires pour confirmer cette hypothese. Les formes cos­
mopolites vivant en eaux superficielles furent moins affectées [Keller, 1994; Pardo, 1996], la raison étant tres pro­
bablement qu' elles étaient protégées en hautes latitudes, recolonisant les basses latitudes a pres I' événement KIT. 
Le modele d'extinction des foraminiferes planctoniques peut etre considéré comme une extinction en mass'e catastrophique 
concentrée a Ja limite KIT et superposée a une extinction moins évidente et polémique en masse graduelle qui aurait 
commencé au Maastrichtien supérieur et aurait continué jusqu' au Danien inférieur [Molina, 1994, 1995; Molina et al., 
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1996]. Le patron d'extinction catastrophique de 70 o/o des especes a la limite KIT est bien compatible avec les effets de 
l' impact d 'un grand astéro"ide [Alvarez et al., 1980; Smit et Hertogen, 1980; D' Hondt, 1994], tandis que l 'incertain 
patron d'extinction graduelle de 30 o/o des especes au cours de la transition Maastrichtien-Danien le serait avec des 
changements de température ou probablement du niveau de la mer [Keller et Barrera, 1990] qui pourraient etre en 
rapport avec un volcanisme massif [Courtillot et al., 1986]. 
En conclusion, les foraminiferes planctoniques étaient tres abondants et diversifiés durant le Crétacé terminal dans toutes 
les coupes étudiées. Les assemblages étaient composés d' especes adaptées a différentes niches écologiques. Les grandes 
morphologies ornées étaient des especes de stratégie K qui coloniserent les milieux relativement profonds. Ces assem­
blages tropicaux et tempérés qui constituaient environ 70 o/o des especes se sont éteints soudainement et simultanément 
a la limite KIT précisément, en coincidence avec le ni vea u contenant les évidences d' impact météoritique. Ce patron 
d' extinction en masse catastrophique constitue l 'événement d 'extinction le plus important et soudain de l' histoire des 
foraminiferes planctoniques. Cet événement est tres compatible avec les effets catastrophiques causés par l'impact d'un 
grand astéro"ide. Cet important patron est superposé a un patron moins évident d'extinction apparemment graduelle d'en­
viron 30 o/o des especes. Celles-ci étaient les especes les plus cosmopolites et opportunistes de stratégie r qui vivaient 
dans les eaux superficielles. Ce patron d' extinction graduelle pourrait etre aussi le résultat a long terme de l' impact 
d'un grand astéro"ide ou de la concurrence avec les nouvelles especes, mais le polémique petit déclin de 5 o/o des especes 
durant le Crétacé terminal, s'il ne s'agit pas simplement de l'extinction du fond ou de l'effet Signor-Lipps, serait plus 
compatible avec l 'effet graduel causé par un volcanisme mas si f. 

INTRODUCTION 

The model of extinction in planktic foraminifera at the KIT 
boundary was attributed to a global catastrophic mass ex­
tinction by Alvarez et al. [ 1980] when they proposed the 
famous hypothesis of the extraterrestrial cause for the KIT 
extinction. Based on the Gubbio section, which is a very 
condensed section [Luterbacher and Premoli-Silva, 1964; 
Premoli-Silva, 1977], it was assumed by many geologists 
that almost ali the Cretaceous planktic foraminifera became 
extinct just at the boundary. Alvarez et al. [ 1980] stated 
that planktic foraminifera were nearly exterminated. This 
hypothesis was developed by Smit [ 1977, 1979; 1982; 
1990] and Smit and Hertogen [ 1980], who studied the 
planktic foraminifera at Caravaca and Agost (Spain) and 
concluded that ali but one Cretaceous species suddenly be­
came extinct at the KIT boundary. Brinkhuis and Zachari­
asse [ 1988] al so stated that Guembelitria cretacea was the 
sole planktic foraminifer which survived the KIT extinction 
event at El Kef (Tunisia). Similarly, Haslett [ 1994] con­
cluded that with the exception of G. cretacea and Rugo­
globigerina hexacamerata ali Cretaceous planktic 
foraminifera became extinct at the KIT boundary at Bidart 
(SW France). On the contrary, Keller [ 1988; 1989a, b; 
1993 ; 1994; 1996] and Keller et al. [ 1995], studying the 
same sections as Smit, concluded that species extinctions 
were gradual and selective rather than random and abrupt. 
Furthermore, Canudo et al. [ 1991] concluded that species 
extinctions occurred over an extended time period, with 
about 39-45 o/o of the species becoming extinct at the KIT 
boundary and 1/3 of the species surviving into the Tertiary. 

These opposed conclusions generated a strong contro­
versy between specialists who favour either a more cata­
strophic or a more gradual mass extinction model. In order 
to resolve this controversy the El Kef section in Tunisia 
was resampled, and unlabeled samples were studied by four 
specialists (Canudo, Master, Olsson and Orue-Etxebarria). 
The results of this test were presented at the Snowbird III 
Conference and both Smit [ 1994] and Keller et al. [ 1995] 
claimed that the outcome supported their interpretations. 
Furthermore, to sol ve this controversy Molina et al. [ 1996] 
restudied the Agost section, concluding that the planktic 
foraminifera extinction model in subtropical latitudes can 
be interpreted as a catastrophic mass extinction of 47 spe­
cies that centred at the KIT boundary, and was superim­
posed on a gradual mass extinction of 23 species, which began 
in the late Maastrichtian and continued into the early Danian. 
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Nevertheless, the controversy still continues because the 
research in this particular field has to take into account the 
fact that the model of extinction in planktic foraminifera 
at the KIT boundary can be different across latitudes and 
depths [Keller 1993; 1994; 1996]. Furthermore, a great part 
of the controversy about the KIT boundary event is caused 
by different interpretations of the data and on the method­
ology used to obtain these data [Molina, 1994; 1995]. The 
high resolution sampling at a well expanded section is a 
basic requirement to establish the model of extinction. In 
addition, to rigorously interpret the data, the Signor and 
Lipps [ 1982] effect and the possibility of reworking have 
to be considered very carefully. Evidently the section has 
to be continuous [MacLeod and Keller, 1991 a, b; D'Hondt 
and Herbert, 1992; MacLeod, 1996]. 

In order to elucidate the planktic foraminifera extinction 
model and the probable causes of extinction at the KIT 
boundary in subtropical and temperate latitudes we have 
studied several sections across these latitudes. The most ex­
panded and continuous sections studied are Agost, Caravaca 
and Zumaya in Spain and Ain Settara in Tunisia. These be­
long to the most expanded marine sections known to date. 
Other sections have also been studied in Italy (Gubbio) and 
Spain (Alamedilla, Músquiz, Osinaga, etc), but these sec­
tions are very condensed or not continuous [Canudo and 
Molina, 1992; Arenillas et al., 1996]. Although the latter 
sections are not so relevant to be analyzed in this synthesis, 
their data have also been taken into account. 

MATERIALS AND METHODS 

The Agost and Caravaca sections are located in the Betic 
Cordillera of southeastern Spain [see the detailed map in 
Canudo et al., 1991], the section of Zumaya (also known 
as Zumaia in the Basque language) is located in the western 
Pyrenees of northern Spain [see the detailed map in 
Lamo Ida et al., 1988] and the Ain Settara section is located 
in the Atlas of central Tunisia [see the detailed map in Du­
puis et al., 1998]. The paleolatitudinal and paleogeographi­
cal location of the main KIT boundary sections studied is 
indicated in figure l. 

A high resolution sampling across the KIT boundary clay 
was accomplished in every section. Distance between 
samples is indicated on the figures 2 to 7. Samples were 
collected at centimetre or decimetre intervals, sampling 
more in detail across the critical KIT boundary interval. 
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FIG. 1. - Paleolatitudinal and paleogeographic location of the main sec­
tion s studiecl [modified from Denham and Scotese, 1987]. 

fIG. 1. - Localisation paléolatitudinale et pa!éogéographique des princi­
pales coupes étudiées [modifié de Denham et Scotese, 1987]. 

Samples were disaggregated in tap water and diluted H202, 
then washed through a 63 micron sieve and dried at 50 ºC. 
The quantitative planktic foraminiferal analysis was based 
on representative splits, using a modified Otto microspliter, 
of 300 or more specimens in the size fraction larger than 
63 microns. Ali the representative specimens were picked, 
identified and mounted on microslides for a permanent re­
cord. Finally, the remaining sample was scanned for rare 
species. 

In figures 2 to 5 the range of abundant species found in 
the representative splits are indicated by thick lines, 
whereas the range of the rare species found by scanning 
of the remaining sample are indicated by thin lines. 

THE KIT BOUNDARY MASS EXTINCTION 

At present, there is a general agreement among specialists 
that the extinction model in planktic foraminifera at the KIT 
boundary is a mass extinction model, and the controversy 
deals with the more catastrophic or the more gradual nature 
of the mass extinction. To solve this controversy is impor­
tant since, at present, there is also a general agreement that 
a Iarge asteroid impacted at the KIT boundary, and in the 
case of the coincidence of the impact with a sudden cata­
strophic mass extinction the cause-effect relation could be 
established. 

What was the extinction pattern in planktic foraminifera 
during the late Cretaceous? Was there a decline prior to 
the KIT boundary? Lamolda et al. [ 1983], Orue-Etxebarria 
et al. [ 1984], Lamolda [ 1990], Canudo et al. [ 1991] in 
Spain, and Longoria and Gamper [ 1995] in Mexico, ob­
served that faunal changes started before the physical fea­
tures attributed to the KIT impact. Molina et al. [ 1996] 
indicated that in the Agost section 7 species disappeared 
(Gansserina wiedenmayeri, Gansserina gansseri, Con­
tusotruncana plicata, Rugoglobigerina milamensis, Ar­
chaeoglobigerina cretacea, Rugoglobigerina pennyi and 
Gublerina acuta) but only one evolved (Plummerita 

hantkeninoides) during the uppermost 13 metres of the 
Maastrichtian. Nevertheless, the extinctions of G. wieden­
mayeri, G. gansseri and C. plicata which are previous to 
the KIT event can be considered as the result of background 
extinction. These data are confirmed in the Agost section. 
In the Caravaca section the same pattern has been recog­
nized in the terminal Maastrichtian, revealing the disappear­
ance of the last three species (A. cretacea, R. pennyi and 
G. acuta) because our study only includes the uppermost 
metre of the Maastrichtian (fig. 2 and fig. 3). 

In the Zumaya section, three species (A. cretacea, Ar­
chaeoglobigerina blowi and Contusotruncana 'vvalfischen­
sis) disappear in the uppermost 2.30 metres of the 
Maastrichtian and only one species (Abathomphalus 
mayaroensis) reappears. Lamolda [ 1983] recognized the A. 
mayaroensis biozone and indicated the absence of the index 
species in the uppermost Maastrichtian . Our more intensive 
search has allowed us to find A. mayaroensis in the upper­
most Maastrichtian sample. This reappearance of A. 
mayaroensis in the topmost Maastrichtian is also found in 
the A'in Settara section. The reappearance of A. mayaroensis 
in the last sample just below the boundary both in Zumaya 
and A'in Settara may have been due to a sea level rise prior 
to the KIT boundary. This probably was the same sea level 
rise that Schmitz et al. [ 1992] observed to begin 40 cm 
below the iridium-rich KIT boundary clay at Stevns Klint 
(Denmark). 

The differences among the Zumaya and the other sec­
tions are due to latitudinal reasons, and these differences 
are more evident in the quantitative analysis [Arz et al., 
1992; Arz, 1996]. For instance, Heterohelix glabrans and 
Heterohelix planata are more abundant at Zumaya (Py­
renees) than at A'in Settara (Atlas), Agost and Caravaca 
(Betics). Apart from that. A. blowi and C. walfischensis 
seem to have disappeared earlier in Zumaya than in the 
Atlas and in the Betic sections, and R. milamensis among 
others is absent in the Zumaya section. Consequently, only 
A. cretacea became extinct at Zumaya section prior to the 
KIT boundary. 

Due to latitudinal differences, it was necessary to use 
two different biozones for the same interval of the upper­
most Maastrichtian, Pseudoguembelina hariaensis biozone 
at Zumaya [Arz, 1996; Arenillas et al., 1996] and Plum­
merita hantkeninoides biozone at Agost, Caravaca and A'in 
Set tara [Pardo et al .. 1996; Molina et al., 1996]. These bio­
zones correspond to the upper parl of the A. mayaroensis 
biozone of the classical biozonations of Bolli [ 1966] and 
Blow [ 1979] (fig. 4 and fig . 5). 

Consequently, we can conclude that there is a very small 
decline during the terminal Cretaceous, since only one spe­
cies appears and about 7 disappear in the late Maastrichtian, 
but only 4 of these extinctions are related to the KIT event. 
This decline seems to be more intensive than the constant 
background extinction and could constitute the beginning 
of a gradual mass extinction pattern across the KIT bound­
ary. 

How many species became extinct precisely at the KIT 
boundary? The answer lo this question strongly depends 
on the methodology used, since sorne rare species could 
appear to become extincl before their real moment of ex­
tinction. This is the Signor-Lipps effect, which we at­
tempted to avoid by scanning intensively the residue of the 
uppermost Maastrichtian samples [Molina, 1994, 1995; Arz 
and Arenillas, 1996]. Using such methodology it can be es­
tablished that in coincidence with the yellow-red Iayer that 
marks the KIT boundary 47 species disappear al Agost, 46 
species at Caravaca, 44 species at A'in Settara and 44 spe­
cies at Zumaya. These species were large, complex sub­
tropical forms that dwelled in deep and intermediate water 
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depths [Keller, 1993; 1994; 1996]. The differences among 
the four sections are primarily due to their different paleo­
geographical location, which explains why in Zumaya only 
one subtropical species (A. cretacea) lived and disappeared 
during the late Maastrichtian. Furthermore, fewer species 
seem to have become extinct in Ain Settara than in Agost. 
The reason may be that sorne of the deep dwellers species 
were not present at Ain Settara which is a more shallow 
section. The sudden extinction affected a total of about 70 % 
of the species, but this represented in ali sections about 
20 % of the specimens in the population larger than 63 mi­
crons, 30 % in the population larger than l 00 microns and 
70 % in the population larger than 150 microns. Obviously 
in the 150-micron sieve only the larger species are found, 
but in the 63-micron sieve the juvenile specimens could pro­
duce sorne redundance. This simultaneous disappearance 
constitutes the greatest and most sudden extinction event 
in the history of planktic foraminifera and can be consid­
ered as a catastrophic mass extinction (fig. 6 and fig. 7). 

The possibility of reworking has to be carefully consid­
ered. The rigorous methodology is important, since sam­
pling with a high resolution technic, the number of 
reworked specimens should be greater between two closely 
spaced samples. Our data indicate that 18 Cretaceous spe­
cies are present in the basal Tertiary at Agost, Caravaca 
and Ain Settara, whereas 15 are present in Zumaya. This 
difference can be explained as a result of the higher latitude 
position of Zumaya section. Sorne of these species are very 
probably reworked. Historically, many micropaleontologists 
assumed that ali the Cretaceous specimens present in basal 
Tertiary samples were reworked and consequently did not 
survive to the KIT boundary main extinction event [Smit 
1982, 1990; Huber, 1991 ]. Nevertheless, using stable 
isotope evidence Barrera and Keller [ 1990] stated that 
Heterohelix globulosa, which is commonly present in 
Maastrichtian and Danian sediments, exhibits signifi­
cantly lower l8Ql 160 and 13Cl 12C ratios in Tertiary sedi­
ments relative to specimens from Maastrichtian sediments, 
demonstrating the survival of this important Cretaceous 
taxon after the KIT boundary event. Hence, sorne of these 
specimens were not reworked and about 113 of the species 
survived the KIT event [Keller, 1988, l 989a,b, 1993, 1994; 
Canudo et al., 1991 ]. This conclusion is al so based in the 
fact that most of the species present in the basal Danian 
have a constant presence in several samples from different 
sections. These species became extinct in the early Danian 
and the last of them gradually disappeared in the Parasub­
botina pseudobulloides biozone. 

Consequently, apart from the sudden catastrophic pattern 
of mass extinction coinciding precisely with the KIT bound­
ary, a more gradual pattern of mass extinction can be rec­
ognized across the KIT boundary. This gradual pattern is 
less evident and extended from the late Maastrichtian to 
the earliest Danian (P. pseudobulloides biozone). During 
this relatively short interval of time about 22 Maastrichtian 
species became extinct, which represents about 30 % of the 
species and between 70 % and 80 % of the specimens in 
the population. 

Sorne concepts of the mass extinction theory [Kauffman 
and Harries, 1996 and Harries et al., 1996] applied to early 
Danian planktic foraminifera at Poty quarry in Brazil (Kout­
soukos, 1996) can be applied more in detail to our quan­
titative data. The species that became extinct at the KIT 
boundary were the deep dwellers of K-strategy, whereas the 
survivors were the surface dwellers of r-strategy. The spe­
cies found in the basal Danian are small opportunistic cos­
mopolitan surface dwellers with simple morphologies which 
were less affected by the KIT event. The very probable rea­
son is that they also lived in high latitudes, being short-term 
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refugia species which recolonized the low latitudes imme­
diately after the impact event. In contrast to the benthic 
foraminifera, in which there are many good examples of 
Lazarus taxa, the planktic foraminiferal recolonization of 
the low latitudes would have been very fast and the Lazarus 
effect would not be evident, due to the different nature of 
the habitat. Sorne of the opportunistic species such as G. 
cretacea and Guembelitria trifolia were disaster species that 
bloomed immediately after the KIT boundary in the G. cre­
tacea biozone. Others, such as Hedbergella monmouthensis 
and Hedbergella holmdelensis were opportunistic pre­
adapted survivors that bloomed at the same time (fig. 6 and 
fig. 7). 

Both disaster species and opportunistic species are spe­
cifically adapted to stressed environments. When the envi­
ronment began to recover there was a first radiation of new 
species from progenitor taxa [Arenillas and Arz, 1996; 
Arenillas 1996]. These new species were al so opportunistic 
and sorne of them proliferated (Parvularugoglobigerina 
longiapertura, Parvularugoglobigerina umbrica, Parvuloru­
goglobigerina sabina, Globoconusa conusa, and Globo­
conusa fodina). Most of them can be considered failed crisis 
progenitors since soon they became extinct in the P. eugu­
bina biozone. The survival interval comprises the G. cre­
tacea biozone. After the survival interval the ecosystem 
recovered and new species evolved. These new species have 
a normal size from the base of P. pseudobulloides biozone, 
where the last failed crisis progenitors (P. eugubina, Parvu­
laruglobigerina cf theodosica, Globoconusa minutula, Glo­
boconusa extensa and Globoconusa cf fringa) became 
extinct. 

CAUSES OF THE EXTINCTIONS 

Multidisciplinary studies are necessary in order to rigor­
ously conclude the causes of the extinctions across the KIT 
boundary. This is today the best studied extinction event 
and it is very evident that a mass extinction took place af­
fecting many groups of organisms. There is strong evidence 
that a large extraterrestrial body impacted precisely at the 
KIT boundary and that intensive volcanism and other geo­
logical phenomena, such as temperature and sea level 
changes, took place across the KIT boundary. Nevertheless, 
many questions concerning the mechanisms and the causes 
of the extinctions still exist [Malina, 1994; Canudo, 1994; 
MacLeod, 1996]. Our planktic foraminifera data from the 
most continuous sections known to date can help to solve 
these questions. 

Were the extinctions caused by the catastrophic effect 
of a large extraterrestrial bolide impact? This is the most 
popular question and the answer is not so simple as it seems 
based on the coincidence of the impact and the extinctions. 
Applying a rigorous methodology, the cause-effect relation 
can not be established solely on the basis of the coincidence 
of the extinction of only a group of microfossils with the 
impact event. Consequently we will discuss the compati­
bility of the patterns of extinction with the main possible 
causes. At present, the extinction of sorne groups such as 
the calcareous nannoplankton is generally interpreted as 
abrupt at the KIT boundary, whereas the extinction of others 
such as the rudists was more gradual and occurred befare 
the boundary. Other groups are not very well known and 
their pattern of extinction still is very controversial. For 
example, the dinosaur extinction model is very controversial 
due to the discontinuous nature of their fossil record. 

On the contrary, the planktic foraminiferal fossil record 
is one of the most continuous and best studied. Neverthe­
less, certain discontinuous sections such as Alamedilla [Li-
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nares and Martínez-Gallego, 1971 ; Arz, 1996], Músquiz 
and Osinaga [Arenillas et al., 1996] and Monte Urko [Orue­
Etxebarria et al., 1991] are not suitable to study the model 
of extinction, since it will appear to have been very cata­
strophic due to hiatuses. Our data from several continuous 
sections located in subtropical and temperate latitudes pro­
vide evidence that favours certain causes of the extinction. 
The model of extinction based on the continuous sections 
of Agost, Caravaca, Ain Settara and Zumaya shows a major 
catastrophic mass extinction that was centred at the KIT 
boundary and was superimposed on a less evident gradual 
mass extinction, which began in the youngest Maastrichtian 
and ended in the early Danian. 

The catastrophic pattern of mass extinction in planktic 
foraminifera coincides precisely with the level containing 
the iridium anomaly and other extraterrestrial impact evi­
dence in ali the sections studied [Schmitz, 1994; Molina, 
1994; 1995]. This coincidence was also reported by Peryt 
et al. [ 1993] in the Gosau (eastern Alps, Austria). This pat­
tern is very compatible with the catastrophic effects of a 
large extraterrestrial bolide impact and the cause-effect re­
lation between impact and extinction has been already es­
tablished by sorne authors [Smit, 1979, 1982, 1990, 1994; 
D'Hondt, 1994a,b; D'Hondt et al., 1996]. This catastrophic 
mass extinction affected the large tropical and subtropical 
species, which were also well represented in temperate lati­
tudes. This pattern of extinction is not evident in higher 
latitudes since in their cooler waters lived different assem­
blages that were not affected by mass extinctions at the 
KIT boundary [Keller, 1993; Keller et al., 1993 ; MacLeod 
and Keller, 1994; Pardo, 1996]. The high-latitude assem­
blages were composed by small cosmopolitan cold water 
species. The cosmopolitan species also lived in the temper­
ate and subtropical latitudes and probably were also af­
fected by the impact event in low latitudes, but they were 
recolonized immediately after the impact event by "refugia" 
specimens that had been protected in high latitudes. 

The gradual pattern of mass extinction in planktic 
foraminifera is less evident and its causes are more difficult 
to establish. lt occurred over an extended period of time, 
with about 4 species disappearing in the topmost Maas­
trichtian and about 18 species in the early Danian, and the 
possible cause had a gradual effect. The species that became 
extinct in the early Danian could have also been the long 
term result of the extraterrestrial impact or the competition 
with the new evolving species, but this does not explain 
the small decline in the topmost Maastrichtian before the 
impact event. The gradual pattern of extinction is more 
compatible with the effect of intensive volcanism [Courtil­
lot et al., 1986] such as the Deccan volcanism that pre-dated 
the KIT boundary, since the basal flows overlie infra-trap­
pean beds bearing A. mayaroensis [Prasad and Khajuria, 
1995]. The volcanism would have generated changes in tem­
perature which have been detected by sorne authors such 
as Barrera [ 1994] and could ha ve been the direct cause of 
the gradual extinctions. The volcanism and the subsequent 
changes in temperature could also have produced sea level 

changes documented from Texas to Brazil by Keller et al. 
[ 1994] and Keller and Stinnesbeck [ 1996] and in Tunisia 
by Dupuis et al. [ 1998]. The most evident sea leve] rise 
took place in the topmost Maastrichtian and pre-dated the 
KIT boundary. Furthermore, a sea leve] drop was demon­
strated in the earliest Danian (P. pseudobulloides biozone) 
by Mancini et al. [ 1989]. The effect of the level rise pro­
duced quantitative changes in the populations and the re­
appearance of the deep dweller A. mayaroensis in shallow 
sections such as Ain Settara. The sea level change could 
have contributed to the gradual extinctions [Keller and Bar­
rera, 1990] but could not have been an important cause of 
them, since more intensive sea level changes have been 
documented throughout the geological history and no mass 
extinction is clearly associated with them. 

CONCLUSIONS 

The planktic foraminifera were very abundant and diversi­
fied during the late Cretaceous in ali the sections studied. 
The assemblages were composed of species adapted to dif­
ferent ecological niches. Sorne large and ornamented mor­
phologies were K-strategy organisms and colonized the 
deeper environments. Late Maastrichtian planktic foraminif­
era were very diversified and sorne species reached very 
large size. These subtropical assemblages that constituted 
about 70 % of the species suddenly became extinct simul­
taneously at the KIT boundary in coincidence with the level 
containing the extraterrestrial bolide impact evidence. This 
pattern of catastrophic mass extinction constitutes the larg­
est and most sudden extinction event in the history of plank­
tic foraminifera. This extinction event is very compatible 
with the catastrophic effects caused by the impact of a large 
extraterrestrial body. 

This catastrophic mass extinction at the KIT boundary 
was superimposed on a less evident gradual mass extinction 
of about 30 % of the species which began during the young­
est Maastrichtian and continued during the early Danian. 
These were the most cosmopolitan and opportunistic r-strat­
egy species that dwelled in shallower water depths, and 
were survived in higher latitudes during the KIT boundary 
event. The gradual extinction pattern could also have been 
the long term result of a large bolide impact or the com­
petition with the new evolving species, but the small decline 
of 5 % of the species in the topmost Maastrichtian could 
be compatible with a gradual effect caused by massive vol­
canism. 
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