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Riassunto. La Biozona a Parvularugoglobigerina eugubina
(Daniano basale) è stata definita a Gubbio (Italia) per caratterizzare in
modo preciso il limite Cretaceo/Paleogene (K/P). Questa biozona è

definìta dalla distribuzione totale del taxon Pz. eugubina, ma questa
piccola morfospecie presenta alcuni problemi tassonomici. Sono stati
riesaminati, per carafferizzare e definire l'esatta posizione stratìgrafica
di questa biozona, l'olotipo della Pt. eugubina e l'associazione a

foraminiferi planctonici del campione-tìpo della Pt,. eugubina a Cesel-
li (Ceselli 3).21 morfospecìe sono state ìdentìficate in Ceselli l, 1,1

delle quali sono specie del Paleocene inferiore e Z sono possibili "sur-
vivors" cretaceì dell'evento di estinzione del K/P Per definire meglio ia
biozonazione del Paleogene basale è stata necessaria una revisione tls-
sonornica dr Pc. eugubina e Parcwlarugoglobigerina longiapertura, forme
identificate in questo campione. Sulla base della definizione di Pv.

eugubina e della definizione originaie della biozona a P'-. eugtub;na \a

base della biozona dovrebbe essere posizionata alla prima comprrsà
della specie eponima e non al dato di prima comparsa di Pu Longiaper-

tura.

Abstract. The Paruulartgoglobigerina eugub ina Bìozone (lower-
most Danian) was defined at Gubbio (Ital,v) to precisely characterise
the Cretaceous/Paleogene (K/P) boundary. It s.as defined by the total
range of Po. eugwbina, but this small morphospecies presents some
taxonomic problems. The Pz. eugubina holotype and the planktic
foraminiferal assemblage of the Pt. ewgwbina type-sample at Ceselli
(Ceselli 3) were revised to precise the biostratigraphic position of this
biozone. Of the 2i morphospecies identilied in Cesellì 3, 14 are early
Paleocenè species and 7 are possible Cretàceous "survìr.ors" of the K/P
boundarv extinction event. To cÌariIy the lowermost Danian biozona-
tìon, it was necessary to taxonornicall,v revise Pz. eugubìna and Prt. lon-
giapertura, r.hich have both been identitied in this sample. Following
the definition ol Pr,. eugubina and the original definìtìon of the nomi-
nal biozone, the base of Pv-. eugubina Bjoz-one shou]d be phced.rt rhe
first appearance datum of the eponymous species and not at the first
appearance datum of Pv^. /ongLapertura.

lntroduction.

In order to bio- and chronostratigraphically place

different evolutionary paleoceano graphical and paleocli-

matical events, micropaleontologists have tended to
establish more and more detailed biozonations, mainly
across the Cretaceous-Paleogene (K-P) transition.
Luterbacher 8c Premoli Silva (1964) established a new

biozone for the lowermost part of the Danian, called the
Globìgerina eugubina Biozone and characterised by a

minute globigerinid assemblage including " Globigerina"
eugubina. This biozone spanned the interval between the

Maastrichtian sediments with typical Cretaceous plank-
tic foraminiferal assemblages (Abathomphalus, Globo-
trunc(tna, Rugoglobigerina, etc.) and the Globigerina
pseudobulloides/Globigerina daubjergensis Biozone
(Leonov 8c Alimarin'à, 1,961,) or, its equivalent, the

Globorotalia pseudobwlloides Bjozone (Bolli, 1966).

Later, the same biozone was defined by the total range

of Parvularugoglobigerina eugubind (Bolli, 1966; Stain-
forth et al., 19151 . Historically, this last definition has

been used in the classical biozonations (Premoli Silva &
Bo|l| 1973; Premoli Silva, 1,977; Toumarkine & Luter-
bacher, 1985; Berggren & Miller, 1988).

Smit (1982) defined another biozone in the lower-
most Danian to prove the existence of an interval
be tween the Cretaceous/Paleogene (K/P) boundary and

the appearance of the first Paieocene morphospecies.
This biozone was termed P0, or Gb. cretacea Biozone,
and was accepted in later biozonations (Keller, 1988,

1993; Canudo er a1., 1991; Keller et a1., 1995; Berggren et

d..,1.995; Molina et a1.,1,996 Apellaniz et a1.,1997).The
boundary between rhe Gb. cretacea Biozone and the
Parowlarugoglobigerina eugwbina Biozone is usually
placed at the first appearance datum (FAD) of Pa. ewgu-

bina. However, there is currently a controversy about
the possible synonymy of Pr,. eugubina (Luterl:acher &
Premoli Silva, 1964) and Pantularugoglobìgerina longia-
pertuftt (Blow, 1979). This synonymy has been consid-
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Fig. 1 - Paleolatitudinal and paleogeographic location of the Cesel-

li section and other Italian sections.

ered valid by many planktic foraminiferal micropaleon-
tologists and, for this reason, the Pa. longiapertwraFAD
is frequently used to identify the base of the Pv. eugwbì-

na Biozone. This taxonomic problem has important
biostratigraphic implications. To solve it, Canudo et al.

(1991) defined rhe Pv. longiapertura Biozone whose base

coincides with the first appearance of the eponymous

morphospecies (Apeilanrz et al., 1997). Thrs new bio-
zone is useful because its base coincides with the decline

of the survivor Cretaceous morphospecies above the

K/P boundary. F{owever, the Pv. eugubina Biozone has

been traditionally used in nearly ail the biostratigraphic
studies of the K-P transition and some micropaleontol-
ogists advise to continue using it (Molina et ait.., 1996).

The Pv. eugubina Biozone was defined by Luter-
bacher & Premoli Silva (1964) at Gubbio (Italy) after a

detailed taxonomic and biostratigraphic study of the

K/P boundary in Central Apennines (Luterbacher, 1964;

Premoli Sllva, 1977), including the Ceselii and other
Italian sections (Fig. 1). The Pz,. eugubina holotype was

described from Ceselli and the type-sample of the

species (Ceselli 3) is now deposited at the Institut und
Museum fùr Geologie und Palàontologie of the Univer-
sitàt Tùbingen (Germany). This sample is the key to
specify the faunal assemblage of the lowermost part of
the Pa. eugwbina Biozone. Its comparison with Gubbio
and other more expanded and continuous sections allow
us to approximately specify the biostratigraphic place-

ment of the base of the Pz. eugubina Biozone. In order
to describe the faunal assemblage of the original Po.

ewgubina Biozone and to biostratigraphically place the

original Pv. ewgwbina Biozone, we have revised the

Ceselli 3 type-sample and the holotypes of Po. eugwbina

and associated species (Pa. sabina, Pr,. anconitana, Pa.

umbrica). These species were defined by Luterbacher &
Premoli Silva (1964) and are in the collections of the

Naturhistorisches Museum of Basel (Switzerland) .

Materials and Methods.

The Ceselli section (Fig. t) is geographically
located to the south of Ceselli (Perugia, Italy) and strati-
graphically in the Scaglia Rossa from the Central Apen-
nines in South Umbrian facies. For a more precise loca-

tion see Luterbacher tr Premoli Silva (196a). Upper-
most Maastrichtian and lowermost Danian sediments

consist of pink and white pelagic limestone with
interbedded calcareous marly calcareous layers (Luter-
bacher Ec Premoli Silva, 1964). This section is near the

Gubbio section where Alvarez et aI. 11980) found the

famous iridium anomaly layer of the K/P boundary and

proposed the hypothesis of an extraterrestrial asteroid

impact. At Ceselli, the base of the Paleocene is marked

by a 3 cm-thick red marly layer (Ceselli 3 layer). The

Ceselli 3 layer is in the same stratigraphic position as

Iridium layer from Gubbio, but they probably are not
coincident. The K/P boundary layer from Gubbio con-
sists of 1 cm-thick clay layer, green at the base and red

on top and devoid of planktonic foraminifera and car-

bonates. Therefore, the K/P boundary clay is probabiy
absent in Ceselli due to a short hiatus.

Luterbacher & Premoli Silva (1964) analysed 14

samples from the Ceselli sect;on: the two lowermost
samples (Ceselli 1 and 2) belong to the Maastrichtian
sediments and the orhers (from Ceselli 3 to Ceselli 14)

to the Danian sediments. Al1 these samples, except

Ceselii 3, were studied in thin-section, due to the hard

caicareous facies (Luterbacher & Premoli Silva, 1964;

Premoli Silva, 1977). The marly nature of the Ceselli 3

layer allowed to disaggregate and use the washing tech-

nique. The Ceselli-3 sample was disaggregated in water
with HrOr, washed through a 63 microns sieve and oven

dried at 50"C. The preservation of the planktic
foraminifera in this samole is poor.

Planktic foraminiferal assemblage at Ceselli 3 type-sam-
ple.

\fe identified a total of 21 morphospecies in the

Ceselli 3 type-sample. Of these, 7 were Cretaceous and

14 Paleocene. The Cretaceous morphospecies may be

survivors of the K/P extinction event but the specimens

found were very poorly preserved and could also be

reworked. These morphospecies belong to the genera

I. Arenillas & J. A. Arz
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Paroularugoglobigerina eugubina type-sample at Ceselli

Fig. 2 - Comparison of uppermost Maastrichtian and lon'ermost Danian planktìc foraminiferal biozonations with the biozonations used in this
paper.
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Hedbergella, Globigerinelloìdes, Heterohelix and Guem-
belitria. The Cretaceous morphospecies identified in the
Ceselli 3 type-sample were: Heterohelix globulosa
(F,hrenberg), Heterohelix navd,rroensis (Loeblich), G/o-
bigerinelloides yaucoensis (Pessagno), Hedbergella
holmdelensìs Olsson, Hedbergella monmouthensis (Ols-
son), Globigerinelloides prairiehillensls (Pessagno) and

Guembelitria cretaced Cushman (Pl. 2, fig.25).
The Paleocene morphospecies evolved in the low-

ermost Danian and belong to the genera Par-r,ularugoglo-

bigerina, Globoconusa?,'Woodringina and Chiloguembeli-
na.The identification and the raxonomy of the different
Paleocene morphospecies from the lowermost Danian
are based on the original holotype descriptions and the
specialised taxonomic work on Guembelitria,'Woodring-
ina and Chiloguembelina (D'Hondt, 1991; Macl-eod,
1993) and Globoconusa? and Paroularugoglobigerina
(Luterbacher & Premoli Silva, 1964; Stainforth et a1.,

1925; Hofker, 1978; BIow, 1979; Liu & Olsson, 1992,

1994; Olsson et aI.,7992, 1999;Li et aI., 1995; Berggren
& Norris, 1997). We used the diagnostic criteria com-
piled by Arenillas & Arz (1996) and Arenillas (1996).

One of the main diagnostic criteria used to identi-
fy the parvularugoglobigerinids morphospecies was the
apertural shape. Two groups can be distinguished, one
with a higher-arched aperture (Pc. longiapertura, P,t,.

perexigua, Po. wmbrica) and the other with a lower-
arched aperture (P2,. eugubina, P,t'. sabina, Pa. hemis-

phaerica?). The observation of this morphological char-
acteristic is difficult in Ceselli 3 specimens since the

planktic foraminifera are poorly preserved. This fact
hampered a more detailed diagnostic description of the
different morphospecies by T u1s1[acher 8e Premoli Silva
(1964) at Ceselli 3 and, for this reason, the apertural
shape was not specified in the original description.
FIowever, Stainforth et al. (1975) indicated that-the low-
arched aperture was a diagnostic character ol Pr,, eugubi-
na. The revision of the Po. eugwbina holotype has

allowed us to confirm this point.
The existence of different apertural shapes in

Paroularugoglobigerina has been verified in better pre-
served specimens from other sections (Canudo et al.,

1991; Keller, 1993; Keller & Macleod,1,994;' Arenillas,
1996; Molina et ai., 1996, 1998; Arz & Arenillas, 1998;

Arenillas et al., 2000) and suggests that the low-arched
aperture is a diagnostic characteristic of Po. ewgubina
and a high-arched aperture ol Pz,. longiapertura. The
biostratigraphic studies of the most expanded and con-
tinuous sections (El Kef, Elles, Aín Settara, Agost, Car-
avaca, Zumaya) demonstrate that the Pv. longiapertu'ra
appears earlier than Pr,. ewgubina.

Arenillas (1996) and Arenillas & Arz (1996) sug-

gested that "cf. fringa" and "minutwla" (Lttterbacher &
Premoli Silva, 1964), "fodina" (Blow, 1979) and "alti-
conusa" (Li et a1., 1995) are possible Globoconusa. These

morphospecies have smooth-walled texture and tetrase-
rial-trocospiral coiling and are ciearly linked with Gwem-

belitria. This genus was frequently used in basal part of
the Danian to be referred to all these small morphos-
pecies phylogenetically linked with Guembelitrìa
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(Keller, 1,988, 1993; Brinkhuis &. Zacharrasse, 1988;

Canudo et aI., 1991.; D'Hondt 8e Keller, 1991; Keller et

aI., 1.993 Keller & Macleod, 1,994; Arentllas, 1,996;

Molina et aI., 1996, 1998; Apellaniz et a|., 1.997). Hovr-
ever, Globoconusa was considered a senior synonym of
Globastica Blow (Loeblich & Tappan, 1988), grouping
morphospecies larger, more modern and with pustulose-

walled texture such as Globoconusa dawbjergensis (Brón-
nimann) . For this reason, the use of Gbboconwsa in the
basal part of the Danian may be a mistake and perhaps

should be replaced by Postrwgoglobigerina Salaj. In this
work, we used Globoconusa? until this taxonomic prob-
lem is clarified.

Arenillas Er Arz (1996\ considered that Globo-
conwsa? and Parcwlarugoglobigerina are two distinctive
morphological groups, and suggested that Parawlarw-

goglobigerina is more related to hedbergellids than

guembelitrids. The first globoconusids tnat appear

belong to Gc.? alticonusa, which is a direct descendent

of Gwembelitria and has a strongly convex spiral side.

On the contrary, the first parvularugoglobigerinids to
appear belong to Po. longiapertwra, which is initially
shaped like the specimen in figs. 8-9, Pl. 2. Both Pv. lon-
giapertwra and Gc.? alticonusa appear almost at the same

time according to Arenillas (1996), Arenillas & Arz
(1996), Molina et aI. (1996, 1998), Arz et al. (1999) and

Arenillas et a1. (2000), and there are not intermediate
forms between them. For these reasons, the taxonomic
differentiation between both genera may be useful.

Flowever, other micropaleontologists consider that a1l

these species are Pan,ularugoglobigerina (Olsson et al.,

1992,1999; Li et al., 1995). Olsson et al. (1999) include

to all small globoconusids in Pz, extensa and grouped to
all parvularugoglobigerinds in Pz. eugubina.

The Paleocene morphospecies identified in Cesel-

li 3 type-sample were as follows:

Globoconusal abiconusa (Li et al.). Pl. 2, figs. 6-7.

Globoconusal fodina (Blow). Pl. 2, [igs. 16-1.7 .

: ? P o strugoglo b iger ìna b ariana Salaj

=? Postrugoglobigerina maamourl (Salai)

=? Postrugoglobigerina praedaubjergenst s Salal

GLoboconusa? cÍ. fringa (in Luterbacher & Premoli Silva, 1964). Pl. 2,

figs.18-23.
Globoconwsa? minutttla (Luterbacher & Premoli Silva) . Pl. 2, figs. 1 1-

15.

Partularwgoglobigerina eugubina (Luterbacher tr Premoli Silva). PL 1,

figs.1-5,9-16 (6-8).
: ParuularugogLobigerína anconitana (Luterbacher & Premoli

Silva). Pl. 1, figs. 6-8.

Paruularugc,globigerina longìapertura (Blow). Pl. 2, figs. 1-5, 8-10.

Pan,ularugoglobigerina perexigua (Li, McGowran & Boersma). Pl. i,
figs. 1 z-1 8, 24-26 (22-231).

- Paraularugoglobigerina sabìna (in Arenillas E Arz,1996)
Pan,ularugoglobigerina sabina (Luterbacher & Premoli Silva). PI. 1,

figs. 29-30 (22-23?).
: Pattularugoglobìgerina edita edita (in Brinkhuis 8'Zachart-

asse,1988)
: Paruularugoglobigerina cf. theodosica (in Arenillas & Arz,

1ee6)

Parr.,ularugoglobigerina umbrtca lluterbacher tr Premoli Silva). Pl. 1,

figs. 19-21,27-28.
'Woodrìngina 

claytonensis Loeblich & Tappan. Pl. 2, figs. 26-28.
'Woodringina 

hornerstounensls Olsson. Pl. 2, fìgs. 29-30.

Chìloguembelina morsei Kline. Pl. 2, figs. 31-32.

Chilogwembelina taurica Morozova. PL. 2, ilg. 21.

Chilogwembelina midu,ayensis (Cushman). Pl. 2, fig. 33.

Biozonation and Biostratigraphy.

in this paper we used the biozonation in Molina et

aI. (1996) (Fig. 2), which is a slight modification of pre-
vious biozonations (8o11i,1,966; Stainforth et al., 1.975;

Toumarkine & Luterbacher, 1985; Berggren et al., 1995).

Molina et aL (1996) recognised three biozones in the

lowermost Danian: the Gwembelitria cretacea Biozone,
tb.e Parvwlarugoglobigerina eugwbina Biozone and the

Para s ubb otin a p s e w d o b ull a i d e s Biozone. The c o mparis o n

L Arenillas G J. A. Arz

PLATE 1

Lrm)

- Parvularwgoglobigerina eugubina (Luterbacher E: Premoli Silva). Holotype. Ventral, lateral and dorsal view. In Luterbacher tr Pre-

moli Silva (1964).

- Pan:ularwgoglobigerina eugwbina (Luterbacher & Premoli Silva). Lateral and dorsal vrew

- Parvu/arugoglobigerina anconitana (Luterbacher & Premoli Silva). Holotype. Ventral, lateral and dorsal view. A possible synonym

of P'r,. eugubina.

Fig. 9, 1O - Paruularugoglobigerina eugubìna (Luterbacher & Premolì Sih.a). Lateral and ventral view.

Fig. 1 1 - ParuuLarugoglobigerina eugubina (Luterbacher & Premoli Silva). Ventral view.

Fig. 12, 13, 14- ParuularugogLobigerina eugubina (Luterbacher Er Premoli Sìlva). Dorsal, lateral and ventral view.

Fig. 15, 16 - Par";ularugogLobigerina eugubina (Luterbacher tc Premoli Silva). Lateral and ventraì view.

Fig. 1/, 18 - Paruularugoglobigerina perexigua (Li Q., McGowran B. & Boersma A.). Lateral and ventral r.iew.

Fig. 19, 20, 27- Par.uwlarugoglobigerina umbrica (Luterbacher Er Premoli Silva). Holotype. Ventral, lateral and dorsal viev In Luterbacher Er Pre-

molì Silva (1964).

(scale bar: 100

Fìg. 1, 2, 3

Fig.4,5
Fig. 6, 7, 8

Fr1.22,23

Frg. 27,28

Fig. 29, 30

- Paruularugoglobigerina sabina (Ltterbacher & Premoli Silva). Paratype. Dorsal, lateral and ventrai view.

26- Parvularugoglobigerina sabina (Lrterbacher & Premoli Silva). Holotype. Dorsal, laterai and ventral view. In Luterbacher & Premoli

Silva (1964).

- Parvularugoglobigerina umbrica (Luterbacher Er Premoli Silva). Lateral and ventral view
- Parr ul arugo gl o b i ge r in a s ab ina. Y entr a\ and lateral view.
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of this biozonation with other lowermost Danian plank-
tic foraminiferal biozonations is shown in Fig. 2.

The Gb. cretacea Biozone spans the interval
between the last appearance datum (LAD) of Plwmmeri-

ta hantkeninoides and Abathompbalws mayaroensls coin-
ciding with the K/P boundary and the Pv. ewgwbina

FAD. It approximately corresponds to P0 of Smit

(1982), Keller (1988, 1993) and Berggren et al. (1995),

but is not equivalent. The K/P boundary is recognised

by an Ir anomaly and other geochemical anomalies at the

F,l Kef (Tunisia) stratotype section. These anomalies

were first recognised in the Gubbio section (Italy) by
Alvarez et al. (1980) in the green-red clay layer approx-

imately equivalent to Ceselli 3Iayer (Luterbacher 8c Pre-

moli Silva, 1964).

The original "Globigerìna" eugwbina Biozone was

defined by Luterbacher tr Premoli Silva (1964) at Gub-
bio (Italy) and characterised by the presence of Pv.

eugubina. The base of this biozone was later defined by
the Pr,. eugwbina FAD (Bolli, 1966; Stainforth et a1.,

1925). Most micropaleontologists adopted this defini-
tion (Bloq 1.979; Toumarkine & Luterbacher, 1985;

Berggren & Miller, 1988; Keller, 1988, 1993; Berggren et

aI., 1,995; Berggren & Norris, 1997).In this paper, the

Pv. ewgwbina Biozone defines the interval between the

Pr,. eugubina FAD and the P pseudobwlloides FAD and

approximately corresponds with the P1a of Smit (1982)

and Keller (1988, 1993),the Pr,. longiapertwra Biozone of
Canudo et al. (1991) and Pcx of Berggren et al. (1995).

These last biozones are not exactly synonyms to the Pv.

ewgwbina Biozone of Molina et aL. (1996), because their
bases are usually placed at the Pv. longiapertura FAD.
Finailx the P psewdobulloides Biozone, whose base is

defined by the P. psewdobwlloides FAD, is approximately
equivalent to P1c of Smit (1982), P1b of Keller (1988,

1993) and P1a-P1b of Berggren et al. (1995).

The stratigraphical ranges of the morphospecies

identified in Ceselli 3 are shown in Fig. 3. These ranges

of lowermost Danian morphospecies are based on a

biostratigraphic correlation among several sections such

as Agost, Caravaca andZtmaya (Spain), Ain Settara, El
Kef and Elles (Tunisia) and Ben Gurion (Israel) (Arenil-
las, t996, 1998; Molina et aL, 1996, 1,998; Arz & Arenil-
las, 1998; Arz et aL, 1999; Arenillas et ai., 2000). The

taxonomy is primarily based on Luterbacher & Premoli
Silva (1964) and a later taxonomic revision by Arenillas
(1996). The morphospecies ranges allow us to biostrati-
graphically place the faunal assemblage identified in the

Pa. eugubina type-sample (Fig. +).

Discussion.

According to the planktic foraminiferal assem-

blage recorded in Ceselli 3 (Figs. 3 and 4), the Po. ewgw-

bina type-sample is approximately situated in the lower
part of the Pr,. ewgubina Biozone of Molina et aI. (1,996)

or middle part of the P1a of Smit (1982) and Keller
(1988, 1993), Po. longiaperturaBtozone of Canudo et al.

(1991) and Pcx of Berggren et al. (1995). Both Po. lon-
giapertura and Pv. ewgwbina have been identified togeth-
er in the Ceselli 3 assemblage confirming the proposed

hypothesis (Fig. +). The Gb. cretacea Biozone at Ceselli
has not been recognised, which could be due to the pres-

ence of a hiatus or because the section is stratigraphical-
lv condensed.

PLATE 2

(scale bar: 100 pm)

Fig. 1,2. - Parvwlarugoglobigerina longiapertura (Blow). Ventral and lateral vie,v.

Fig. 3, 4 - Paruularugoglobigerina longiapertwra (Blow). Ventral and dorsal view.

Fig. 5 - Paruularugoglobigerìna longiapertwra (Blow). Ventral view.

Frg. 6,7 - Globoconusa ? abiconwsa (Li et al.). Dorsal and ventral view.

Fig. 8, 9 - Paruularugoglobigerina longiapetura (Blow). Dorsal and ventral view.

Fig. 10 - Paroularugoglobigerina longiapertura (Blow). Ventral view.

Fig. 11, 12, 73- Globoconusal minwtula (Luterbacher & Premoli Silva). Holotype. Dorsal, lateral and ventral view. In Luterbacher Er Premoli Silva

(te61).
Fig. 14, 15 - Globoconusa ? minutula (Luterbacher Er Premoli Silva). Dorsal and ventral view.

Fig. i6, 17 - Globoconusa ? fodina (Blow). Ventral and dorsal view.

Fig. 1 8, 1 9, 2A- Globoconusa ? cf. fringa (in Luterbacher & Premoli Silva, 1 964) . Dorsal, lateral and ventral view.

Fig.2l,22 - Globoconusa? c[.fringa (inLuterbacherErPremoliSilva, 1964).Ventral anddorsal view.

Fig.23 - Globoconusa ? cf.fringa (in Luterbacher & Premoli Silva, 1964). Ventral view.

Fig. 24 - Cbiloguembelina tawrica Morozova. Side view.

Fig. 25 - Guembelitia oetacea Ctshman. Side view.

Fig.26 - Woodringina claytonensis Loeblich Er Tappan. Side view.

Fig.27,2S - Woodringina claytonensis Loeblich & Tappan. Edge and side view.

Fig.29,3A - Woodringina bornerstorpnensls Olsson. Side and edge view.

Fig. 31,32 - Chiloguembelina morsei Kline. Side and edge view.

Fig. 33 - Chiloguembelina miduayensis (Cushman). Side view.
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T
Mass

extinction
event

Fìg. 3 - Location of the Ceselli 3 (P"o. eugubina Biozone type-sample) in the stratigraphical column of the Ceselli section and planktìc
foraminiferal assemblages identified. Biostratigraphic correlation between Ceselli section and Gubbio section (according to Luter-
bacher and Premoli Silva, 1964).

Alvarez et al. (1980) used the green-red clay layer
with Ir anomaly from the Gubbio section to characterìse

the base of the Paleocene and the base of the Gb. oe-
taceaBiozone. The green-red clay at Gubbio is devoid of
planktic foraminifera and carbonates, but the assem-

blage just above it is equivalent to the Ceselli 3 assem-

blage (Luterbacher Ee Premoli Silva, 1964). Both Ceselli
and Gubbio sections are very similar (Fig. 3) but the

boundary clay layer is absent in Ceselli, marking a prob-
able short hiatus in this section. The stratigraphic con-
densation of both sections impedes a more detailed sam-

pling of the K-P transition.
The present controversy over the possible syn-

onymy- of Pv. eagwbina and PnL. longiapertura affects the
established biostratigraphy and biozonations in the low-
ermost Danian. Ever since Smit (1982), both morphos-

pecies have historically been considered synonyms. He
placed the base of P1a (Pa. ewgubina) at the first appear-

ance of Globigerina minutula (: Gc.? alticonusa), which
is a biohorizon close to Pv. longiapertura FAD. Never-
theless, the Pr,. eugubina FAD is the biohorizon that was

normally used to identify the base of this biozone. This
datum has been used in theory but in practice Pa. eugu-

bina has generally been misinterpreted for Pr,. longiaper-
tura.Usually the term "eugubina" has been erroneously
used to refer to the typical forms with high-arched aper-
ture (Keller, 1988; Berggren et al., 1995; Berggren 8r

Norris, 1992) . This misinterpretation was first noted by
Canudo et a1. 1t991) and later documented in several

papers (Macleod & Keller, 1,994; KelIer et al., 1.9951'

Macleod, 1995; Arenillas, 1996; Molina et al., 1996,

1998) and has partly caused the recent taxonomic con-
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troversy (Keller 8c Macleod, 1994, vs. FIuber et al.,

1994).

As this synonymy has been historically accepted,

the Pa. longiapertura FAD may have been used erro-
neously to identify the base of the PrL. eugubina Biozone
and, therefore, the biozones of most of the lowermost
Danian biozonations (Keller, 1,988, 1,993; Keller et al.,

1995; Berggren et ai., 1995) could be misplaced (Fig. 2).
The problem now is to decide what datum musr be used

to identify the boundary between the Gb. cretacea Bio'
zone or P0 of Smit (1982) and the G. ewgubina Biozone
of Luterbacher & Premoli Silva 11964). There are rhree
possibilities:

1. - To continue using the Pz,. eugubina FAD as

characterised by Luterbacher & Premoli Silva (i964) and
defined by Bolli (1966), but re-establishing the original
taxonomic concept of the homonym morphospecies and
using its true first appearance (Molina et al., 1.996).

2. - To use the Pr:. longiapertura FAD and define
and describe a new biozone with a different name as the
Pr,. longiapertwraBiozone was defined by Canudo et al.

(1,991) and used by Apellaniz et aI. (1997) in a different
way. This datum is approximately placed in the middle
part of the Gb. cretacea Biozone of Molina et al. (1996).

3. - To use the "Globigerina" minutula (: Gc.?
ahiconusa) FAD following Smit (1,982) to place the
boundary between the Gb. cretacea and Pr,. ewgubina
Biozones. This datum approximately coincides with the
Pa. Iongiapertura FHD.

The Ceselli 3 planktic foraminiferal assemblage we
identified would suggest that, following its original defi-
nition, the most suitable biozonal concept to place the

base of the Pr,. ewgubina Biozone is the possibility 1.

Since most of the biozonations have used the term
"eugwbina", we suggest the continued use of the classical

Pa. ewgubina Biozone in order to avoid further problems.

Conclusions.

The Pr.,. ewgubina Biozone was defined by Luter-
bacher & Premoli Silva 11964) from the Gubbio section
(Italy) and is characterised by the presence oÍ Po. eugu-

bina. This species was described from Ceselli and, there-
fore, the revision of the planktic foraminiferal assem-

blage of the Pz,. eugubina type-sample was fundamental
to specify the biostratigraphic position of the Po. eugu-

bina Bíozone. Of the 21 morphospecies identifi ed rn Pr,.

ewgubina type-sample, seven were Cretaceous and 14

Paleocene. Both Parr., ularugoglobigerina lon gi ap ert u ra

and Pv. eugubina were identified in this assemblage,

demonstrating that the Pr,,. eugubina type-sample falls in
the lower part of the Molina et aI. (1996) Pv. ewgwbina

Biozone.
The taxonomic differentiation between Pr.,. eugu-

bina and Pt,. longiapertura ìs very imponanr ro clari[y
the lowermost Danian biozonations. Both morphos-
pecies are distinguished by the apertural shape, being
high-arched in Pr,. longiapertwra and low-arched in Pz.

eugubina. We suggest the continued use of the Pv. ewgw-

bina Biozone since it was the first biozonal concept
used. Consequently, the base of the Pv. ewgwbina Bio-
zone should be placed at the true FAD of Pa. ewgubina,

as this biozone was originally defined, and not at the
FAD of Po. longiaperturaFAD.
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