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Abstract. - An integrated stratigraphic study of the upper Paleocene to lower Eocene Scaglia limestones of the Contessa Road section has allowed
us to identify the classical markers of the Paleocene-Eocene transition. The section provides a good magnetostratigraphic record as well as a continuous
calcareous nannofossil and foraminiferal biostratigraphy. A negative Carbon Isotopic Excursion (CIE) occurs in the lower part of Chron C24r. The
calibration to calcareous plankton zonation indicates that the CIE occurs in the lowermost part of calcareous nannofossil Zone NP 10 and the upper
part of Zone CP8, that is in the planktonic foraminiferal Zone P5. In the same stratigraphic interval, a distjnct turnover in the calcareous benthic
foraminifera and a sharp change in the Deep Water Agglutinated Foraminiferal (DWAF) assemhlages have been recognised. The record of DWAF,
however, indicates a gradual initiation of such a change beginning some 150 k.y. before the CIE and BEE.

Stratigraphie integree de part et d'autre de la limite PaleocenelEocene
de la coupe de la route de la Contessa, Gubbio (Italie centrale)

Mots des. - Transition Paleocene-Eocene, Stratigraphie integree, Coupe de la « Contessa Road ».

Resume. - Nous apportons une contribution a une meilleure definition de la position relative des differents evenements de la transition PIE a travers
une etude stratigraphique integree de la coupe de la ComlCssa dans Ie bassin de Marche-Ombrie. Des analyses magneto- chemio~ et biostratigraphiques
ant ete menees incluant la distribution des nannofossiles calcaires et des foraminifhes ainsi que des donnces sur les isotopes du carbone et de I'oxygene.

VERSION FRAN(:AISE ABREGEE

Resume. - Une etude stratigraphique intt~gree des calcaires du Paleocene superieur-Eocene inferieur de la coupe de la
« Contessa» nous a permis d'identifier les marqueurs typiques de la transition Paleocene-Eocene. La coupe foumit un
bon enregistremement magnetostratigraphique ainsi qu'une biostratigraphie continue a nannofossiles calcaires et forami-
niferes. Une excursion negative des isotopes du carbone (CIE) s'observe dans la partie lnferieure du Chron C24r. L'eta-
lonnage avec la zonation a plancton calcaire indique que la CIE se situe dans la partie la plus inferieure de la Zone a
nannofossiles calcaires NPIO (= partie superieure de la Zone CP8), et dans la Zone a foraminiferes planctonique P5.
Dans Ie meme intervalle stratigraphique, ont etc identifles un renouvellement taxonomique distinct dans les associations
a foraminiferes benthiques calcaires et un changement important dans les associations a foraminiferes agglutines (DWAF).
Cependant, l'enregistrement de DWAF indique un commencement graduel du dit changement a partir de 150 ka avant
Ie CIE et Ie BEE.

.

INTRODUCTION

During the late Paleocene to early Eocene significant chan-

i ges in global climate and oceanic circulation occurred. Such
changes resulted in evolutionary turnovers and extinctions
which are recorded in both marine and terrestrial environ-

~ments. Long timescale events occurred over several millions
of years (m.y.) in paleomagnetic Chrons C25 and C24. Su-
perimposed on a longer-term warming trend which began
in the early Paleocene, short term changes in climate and
carbon cycle occurred at the Paleocene-Eocene (P-E) tran-
sitlon where a large, negative excursion in the carbon iso-
tope record [Kennett and Stott, 1991; Stott et al., 1996;
Thomas and Shackleton, 1996] is associated with a major
extincIion event in the deep sea [Thomas, 1989; Kennett
and Stott, 1991; Kaiho, 1994; Robert and Kennett, 19941.
Although the co-occurrence of these two events provides a

reliable means of deIermining the position of the PIE bound-
ary in marine sequences, their position in space and time
still does not have an unequivocal significance.

This paper aims to contribute to a better definition of
the relative position of the different events within the P-E
transition through an integrated stratigraphic study of the
Contessa Road section in the Umbria-Marche Basin. A me-
gneto-, bio-, and chemo-stratigraphic analysis has been car-
ried out including foraminiferal and calcareous nannofossil
distribution, and carbon and oxygen isotope record.

GEOLOGIC AND STRATIGRAPHIC FRAMEWORK

In the Umbria-Marche Basin the P-E transition is repre-
sented in Ihe pelagic reddish limestones of the Scaglia Ros-
sa Formation which is suitable for precisely correlating the
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FIG. 1. - Location of the Contcssa Road section marked with a thick line
on a simplified map that gives the formation boundaries in the Contessa
Valley [after Cresta et al., 1989, modified].

FIG. I. - Emplacement de fa coupe de ta « Confessa Road» marque par
une ligne ipai~'se sur une carte ~'implifjie offrant le~' limites de fonnation
dans la Vallee Confessa [d'apre.~ Cresta et aI., 1989. modifie].

Paleogene biostratigraphy to the geomagnetic polarity his-
tory. In particular, magnetostratigraphic, lithostratigraphic
and biostratigraphic investigations in the Gubbio sections
provide geomagnetic reversal stratigraphy for most of the
Paleogene interval [Lowrie ef aI., 1982; Napoleone ef aI.,
1983], while geochemical analysis from the Contessa
Highway section records a carbon isotope record including
a negative shift of 813C at the P-E transition [Corfield ef
aI., 1991]. However, minor tectonic disturbance andlor the
presence of covered intervals have hampered a detailed stu-
dy of the P-E transition in this classical Tethyan setting.
In the Contessa Highway section aIm-thick covered in-
terval prevents a continuous sampling of the P-E transition
which is, in turn, associated with a slump in the Bottaccione
section [Cresta ef aI., 1989]. To overcome these problems
the Contessa Road section (fig. I), previously studied by
Luterbacher [1964], has been sampled in detail across the
P-E transition.

The Contessa Road section begins at the Cretaceous/Pa-
leogene (K/P) boundary and continues up to the varicolou-
red marls and limestones of the Eocene Scaglia Variegata
Formation. The P-E transition is represented by a sequence
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of limestones and marly limestones with some marly layers
ranging from 0.5 to 10 em in thickness. At 30.30 m a dis-
tinct, 10 em-thick clayey layer interrupts the sequence of
limestones and marls.

The magnetostratigraphy of the Contessa Road section
has been carried out by Lowrie ef al. [1982]. The sedimen-
tation rate of the 17 m-thick sequence corresponding to
Chron C24r [Lowrie ef aI., 1982] is estimated to be around
7m/m.y., according to Berggren ef al.'s [1995] time scale.>

The present study focuses on a 10 m-thick segment.(23.50 m to 33.50 m above the K/P boundary) that includes
the P-E transition and, according to Lowrie ef al. [1982],
would span the upper part of Chron C25n and the lower'
part of C24r (see fig. 2). Although a 1.7 m-thick duplicated
interval is present within Chron C25n (fig. 2), the section
provides an apparently continuous record across the PIE
boundary and is characterised by :

- a pelagic sedimentation which minimises the risk of
reworking;

- high calcareous plankton content which allows a cali-
bration to standard nannofossil and planktonic foraminiferal
zonations;

- a very good magnetostratigraphic record; according to
magnetostratigraphic data of Lowrie ef al. [1982], the Con-
tessa Road section seems to provide the best record across
the P-E transition in the Gubbio area.

Moreover, the presence of both calcareous and Deep Wa-
ter Agglutinated Foraminifera (DWAF) permits to directly
calibrate their records across the Benthic Extinction Event
(BEE).

We believe that, although condensed, the Contessa Road
can serve as a good reference section for theP-E transition.

MATERIAL AND METHODS

The objective of the magnetostratigraphic study was to es-
tablish precisely the position of Chron C25n which occurs
a few meter below the P-E transition as previously estab-
lished by Lowrie ef al. [1982]. Paleomagnetic samples were
cored using a portable gasoline drill; 29 regularly spaced
minicores were collected on the studied interval from 19.50
to 37.50 m above the K/P boundary.

The magnetic properties of the Scaglia limestones are
well known [Channell ef aI., 1982; Lowrie ef al., 1982J.
The magnetite, assumed to be detrital in origin, is present~
in"all lithologies. Its high contrjbution to the remanence al-
lows to easily identify the stable primary characteristic rem-
nant magnetisation (ChRM) components after thermal
demagnetisation. Our samples were measured with a 3-axis.
RS-OI (LETI/CEA) cryogenic magnetometer in the Depar-
tement de Geologie sedimentaire, Universite Paris VI. All
the specimens were subjected to progressive thermal dema-
gnetisation in 50-degree steps up to 450°C and in 25° steps
up to 550 'C. Vector diagrams were used to identify the
remnant magnetisation components and the direction of the
ChRM was determined by a routine Principal Component
Analysis technique on each sample.

Carbon and oxygen isotope analysis were conducted on
bulk rock. Twenty-two samples from 26.50 m to 34.50 m
have been analysed at the Centro di Studio per il Quater-
nario e I'Evoluzione dell' Ambiente of the La Sapienza Uni-
versity of Rome followjng the conventional procedure of
Me Crea [1950]. The CO, from calcite was extracted by
reaction of powered samples wjth ortophosphoric acid
(H,P04 100 %) at 25°C usinr a vacuum extraction line. The
rel~tive abundances of the 3C and 180 isotopes were de-
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FIG. 2. ~ Stratigraphic position of the studied interval with respect to lithology and magnetostratigraphy of the Contessa Road section. The shaded
area in the column representing the studied interval indicates the 1.7 m-thick duplicated interval (see also the text).
FIG. 2. - Position stratigraphique de l'in.tervalle etudie par rapport a La lithologie et a la magnerostratigraphie de la coupe de la « Contessa Road ».
La zone grisee dans la colonne representant l'intervalle itudie, indjque un intervaUe duplique de 1,7 m d'epaisseur (voir egalernent Ie texte).

termined with a d-E Finnigan Mat Mass Spectrometer. Re-
sults are reported 1n the usual o-notation relative to PDB.

Thirty-one samples were collected for planktonic fora-
miniferal and calcareous nannofossil content. A supplemen-
tary sample set including 11 samples from 33.50 m to 38.81
m above the KIP boundary has been surveyed for nanno-
fossil content.

Calcareous nannofossil analysis has been performed by
light microscopy at 1250X magnification. Smear-slides
were prepared following the Monechi and Thierstein [1985]
technique without decanting the suspension. Qualitative and
semiquantitative methods have been used. Semiquantitative
analyses were performed by counting the index species re-
lative to the total nannofossil assemblage (about 150 spe-
cimens); moreover, Discoaster individuals have been
'Counted on a fixed area (70 fields). Abundance of selected
species is reported as the number of specimens/150 nanno-
fossils on table I.

Planktonic foraminlfera were studied in washed residues
and thin sections from soft and hard lithologies, respecti-
vely. Preparation of washed residues included drying over-
night at 60°C, soaking in a peroxide solution and sieving
through a 63 J.1m-mesh sieve. Only qualitative data from
both washed residues and thin sections are reported in this
paper, whereas a paper on planktonic foraminiferal quanti-
tative data is in progress.

Stratigraphic ranges of calcareous benthic foraminifera
were determined on 8 less indurated samples. Washed re-
sidues were obtained by drying 25-130 g of material at
60°C and soaking in deionized water. This procedure was
repeated several times until the material was partly disag-
gregated. The < 2 mm fraction was dried and immersed for

one day in the concentrated soap "Rewoquat". After wash-
ing this procedure yielded, depending on the carbonate con-
tent of the rock, relatively clean residues. The fraction
> 125 J.1mwas investigated for stratigraphic distribution pat-
terns.

A quantitative analysis on Deep Water Agglutinated Fo-
raminifera (DWAF) has been carried out on acid treated re-
sidues. Samples were dried, weight and soaked in a
hydrochloric acid solution (5 %). After removal of the car-
bonate fraction, samples were washed on a 63 ~m.mesh sie-
ve and dried. A suitable split with approximately 200-400
specimens was obtained from the fraction greater than 63
J.1mwith a microsplitter. From this split al! the specimens
were picked, counted and mounted on micropaleontological
slides.

RESULTS

Magnetostratigraphy

The natural remnant magnetisation (NRM) intensities of the
analysed samples range from 10-4 to 1.3 X 10-3 Aim. Ther-
mal demagnetisation was effective to isolate three distin-
guishable magnetic components. This behaviour is exactly
similar to the one described previously [Channel! ef aZ.,
1982; Lowrie ef aZ., 1982].

An initial unstable component was removed by 150°C
heating and has the present Earth's field direction: it is
most likely a viscous remnant magnetisation. A second com-
ponent is removed over the range 150-300/350 'C and is
antiparal!el to the present field direction. The origin of this
secondary component was not clearly established JChannel!
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et aI., 1982]. Above 300/350 DC the ChRM component is
isolated. The mean direction obtained from the best defined
ChRM components (D = 328.4, I = 34.8) is close to the
paleodirection computed by Lowrie et ai. [1982].

The ChRM directions show a clear pattern of magneto-
zones ,which can be easily identified with the aim of bios-
tratigraphic data. The C26n/C25r boundary is defined
between 22.3 m and 23.4 m above the KIP boundary; tbe
base of magnetozone C25n occurs between 26 m and 26.4
m and the top between 28 m and 28.5 m (see fig. 2).

Isotope record

ODC values recorded from 26.50 m to 34.50 m range from
0.31 %0 to 3.12 %0 (fig. 3). The lowest value is recorded
from a clayey layer at 30.30 m. This negative peak is pre-
ceded by a gradual decrease from the maximum value which
is recorded at 26.50 m. Constantly low values are recorded
from 30.30 m to 30.60 m. From 30.70 m upwards the oDC
record shows a gradual increase to values of ca. 1.5 %c.

The 8180 curve shows a trend similar to that of 813C as
shown in figure 3.

Calcareous plankton

Calcareous nannofossil assemblages are common throu-
ghout the section even if not well diversified. Preservation
is mostly poor, although moderate in some samples. Creta-
ceous reworked specimens are present in a few samples.

All the markers defining the standard calcareous nanno-
fossil zones of Martini [1971] and Okada and Bukry [1980]
across the P-E transition occur in the studied material. The
distribution of the identified species is reported in table 1.
As far as the definition and the systematic position of the
species of the Rhomboaster- Tribrachiatus lineage are con-
cerned, we refer to Angori and Monechi [1995] and Mo-
nechi et ai. [2000].

The main bioevents observed in the surveyed interval are
reported in figure 4. Discoaster multiradiatus, the First Oc-
currence (FO) of which defines the NP8/NP9 zonal bound-
ary of Martini [1971] and the CP7/CP8 zonal boundary of
Okada and Bukry [1980J is present from the bottom of the
studied interval. At 30.30 m the FO of Rhomboaster bram-
lettei is recorded. Rare specimens of Tribrachiatus digitalis
occur at 33.90 m, whereas the Last Occurrence (LO) of
Rhomboaster contortus defines the NPIOINPll and the
CP9a/b zonal boundaries at 37.90 m where the FO of T.
orthostylus is recorded.

The biostratigraphic analysis of planktonic foraminifera
has allowed us to identify the LO of Globanomalina pseu-
domenardii at 27.90 m and the LO of Morozovella ve-
lascoensis at 31.50 m (fig. 4).

Calcareous benthic foraminifera

Calcareous benthic foraminifera are continuously present in
the studied interval. Assemblages are moderately rich but
poorly preserved. The clayey level at 30.30 m contains a
depauperate fauna; only 8, badly preserved, specimens were
recovered from 250 g of dried sediment.

A typical bathyal Paleocene fauna is present up to
30.30 m where Gavelinella beccariiformis, Pullenia coryel-
Ii, Cibicides hyphalus, and Dorothia retusa last occur (fig.
4). Up to this level these taxa are quite common and co-
occur with many typical Velasco elements. Some Midway
taxa are also present.

From 30.60 m upwards the assemblages are dominated
by large sized Cibicidoides indicating that a faunal turnover
occurred between 30.30 m and 30.60 m. Although the ana-

Bull. Soc. geol. Fr., 2000, nO 3

0 "C(%o) 0"0(%0)

"t ~

"'-
"" "'- <"'><:> - ""

<:> 00 «> ""
<1 <';" <i <';" <i

EI:S:3 LIMESTONE ~ MAAL - CLAY

:I -'~,,1iI ~-..
-- .:

FIG. 3. - Oxygen and carbon isotope record across the P-E transition in
the Contessa Road section. Isotopic result from 30.30 m (marked by a
white circle) may represent diagenetic signature rather than original sea-
water values (see also text).
FIG. 3. - Enregistrement i~'otupique (oxygene et carbone) dans l'intervalle
representant la transition P-E dans la coupe de la ,« Contessa Road ». Le
resultat isotopique de 30,30 m (marque par un cercle blanc) peut repre-
~'enter une signature diagenetique plutot que des valeurs originales (voir
egalement Ie texte)

lysis does not allow to quantify it, a drop in diversity has
been observed where the minimum 813e value is recorded.

DWAF

The quantitative analysis reveals the presence of rich and
diversified agglutinated foraminiferal assemblages. Preser-
vation is generally very good. Seventy-three species belon-
ging to 35 genera have been identified (tab. 11).

Assemblages are dominated by the epifaunal erect sus-
pension feeder Rhizammina algaeformis throughout the stu-
died interval. However, a bloom of taperedlflattened
morphotypes, mainly due to increased abundances of the
infaunal opportunistic Spiroplectammina .5pectabilis, occurs
from 28.50 m to 29.80 m (fig. 5). This event is accompanied
by the invasion andlor increase in abundance of taxa which
are typically well distributed in shallower water settings,
such as Arenobulimina, Clavulinoides, Dorothia, Remesella,
and Tritaxia. In this stratigraphic interval the entrance of
Karrerulina coniforms and K. horrida (28.20 m), the LO
of Cribrostomoides trinitatensis and the FO of Reophax e-
longatus (29.60 m) are observed. '

A very poor assemblage occurs in the clayey layer at
30.30 m where only 5, badly preserved, specimens were re-
covered from 250 g of dried sample. A drop in diversity
to the minimum value is recorded at 30.50 m. Above this
level diversity remains fairly low up to the top of the stu-
died interval.

At 30.99 m a bloom of infaunal globular morpho types
(mainly due to increasing abundance of Repmanina charoi-
des) is observed (fig. 5).

DISCUSSION

According to Corfield et ai. [1991], the Paleocene to Eocene
Scaglia limestones are strongly affected by diagenesis and,
therefore, oxygen isotope values must be disregarded. A
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IpJC record similar to that observed in this study has been
reported by Corfield ef al. [1991] from the P-E transition
of the nearby Contessa Highway section. However, the lo-
west value recorded by those authors across the P-E tran-
sition is close to 1.5 %c and, therefore, much higher than

w
Zg ~
w :5
~- ffilNlDADlKominskietal19881

t//JJ MORQCCO (Kam ski atal" 1996]

E3 NQRTH SEA ICharnock & Jones. 1990)

b1::.iJ POLISH CARPATHIANS[Geroch & Nowak, 1984)

~=.=.=.=.] WEST CARPATHlA.NS (8ubik. 1995)

FIG. 5. - Comparison of the distribution of some DWAF taxa across the
P-E transition from different locations.
FIG. 5. - Comparaison de la distribution des especes de DWAF dans l'in-
tervelle representant la transition P-E dans des localites diffirentes.

the minimum recorded at the Contessa Road at 30.30 m
(0.31%0). This discrepancy is only apparent because this in-
terval in the Contessa Highway section, now covered, was
not sampled being affected by tectonic disturbances [Cor-
field ef at., 1991].

According to the litho- and magnetostratigraphic inter-
pretation of Lowrie ef al. [1982], the negative carbon iso-
tope shift in the Contessa Road section would occur in the
lower fourth of Chron C24r. The interval where the lowest
values are recorded is, therefore, interpreted to be coeval
to the well known Carbon Isotopic Excursion (ClE) occur-
ring globally close to the end of the Paleocene.

Below the CIE a peculiar clay layer interrupts the lime-
stone and marl sequence of the Paleocene to Eocene Scaglia
Rossa Formation. This layer has a peculiar microfossil con-
tent. It is, in fact, very rich in calcareous nannofossils, but
contains an impoverished planktonic foraminiferal assem-
blage and is virtually devoid of benthic foraminifera (13
specimens per 250 g of dried sediment including both cal-
careous forms and DWAF). This clay layer is reminiscent
of the clay beds, also described as Carbonate Dissolution
Interval (CDI), observed across the upper Paleocene to lo-
wer Eocene from the Zumaya [Schmitz ef al., 1997], Ca-
ravaca [Canudo ef at., 1995], Trabakua [Orue-Extebarria ef
at., 1996] and Alamedilla [Arenillas and Molina, 1996] sec-
tions in Spain. Similarly to the CDI of the Zumaya and
Alamedilla sections, it contains enriched nannofossil assem-
blages, and depauperate foraminiferal assemblages. It ge-
nerally, occurs just below the minimum values recorded in
8lJC record. However, it seems likely that the 813C value
recorded from the clayey layer at 30.30 m might be a diage-
netic artifact due to an enrichment in diagenetic calcite as
documented in washed residues from this layer. On the other
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FIG. 6. - Bioevents recognised in the DWAF assemblages across the P-E
transition in the Contessa Road section. The duplicated interval. previously
indicated in figure 2, is not reported.
FIG. 6. - Bioevinements identifiees dans les associations DWAF dans l'jn-
tervalle representant La transition P-E dans 1a coupe de la « Contessa
Road ». L'intervalle duplique, indique pricidemmenl dans la figure 2,
n'est pas marque.

hand, diagenetic alteration of the isotopic signal across the
PIE boundary and particularly within the CD! is a common
feature in several sections [see Schmitz et aI., 1997].

Stratigraphic distribution of calcareous nannofossils is
used to assign the lower part of the studied interval to the
Discoasrer multiradiatus Zone (NP9) of Martini [1971] and
CP8 of Okada and Bukry [1980] based on the presence of
D. mult/radiatus in the lowest sample (fig. 4, tab. I). The
occurrence of cubic forms and successively of all the spe-
cies of the Rhomboaster-Tribrachiatus lineage is used to
characterise the P-E transition and to define the NP9/NPIO
zonal boundary at 30.30 m by the FO of R. bramlettei. In
the last few years several controversies have evolved re-
garding tbe definition and the systematic position of the
marker species used to define the PIE boundary [Bybell and
Self- Trai], ]995; Angori and Monechi, ]995; Wei and
Zhong, ]996; Aubry, 1995, among others]. Consequently,
different interpretations of the same data have developed
and, accordingly, various events characterising the P-E tran-
sition can occur either in Zone NP9 or NP10. We follow
Bybell and Self-Trail []995] who, including R. cuspis of
many authors in R. bramlettei, lowered the position of the
NP9/NPIO zonal boundary. Our R. bram/ettei var. T can be
considered conspecific of T. bramlettei of Aubry et af.
[]996]. A decrease in abundance of Fascicullthus spp. is
recorded at 30.30 m slightly below the CIE, while the LO
of this genus occurs at 32.00 m. At the same level the ap-
pearance of Discoaster diastypus marks the CP8/CP9 zonal
boundary. Rare specimens of T. digitalis, species used by
Aubry [1995] to subdivide the NPIO Zone, occur at
33.90 m, whereas the LO of R. contortus defines the
NPIO/NP] 1 and the CP9a/b zonal boundaries at 37.90 m.

The distribution of planktonic foraminifera fits the bios-
tratigraphic interpretation based on calcareous nannofossil

and magnetostratigraphic and carbon isotope records. The
disappearance of Globanomalina pseudomenardii at 27.90
m, where we place the P4/P5 zonal boundary (fig. 4), falls
close to the boundary between Chrons C25n/C24r. The last
occurrence of Morozovella velascoensis marks the PS/P6 zo-
nal boundary of Berggren et al. [1995] at 31.50 m and falls,
therefore, in the lower fifth of Chron C24R following the
magnetostratigraphy given by Lowrie et al. [1982].

Calcareous benthic foraminiferal distribution allows us
to place the BBI/BB2 zonal boundary of Berggren and
Miller [1989] between 30.30 m and 30.60 m. Gavelinella
beccariiformis, Pullenia coryelli, Cibicides hyphalus, and
Dorothia retusa which are generally documented from the
pre-BEE Paleocene worldwide [Tja]sma and Lohmann,
1983; Berggren and Miller, 1989; Thomas, 1989, ]992;
Orue-Extebarria et aI., ]996; Speijer et al., 1995] are ob-
served up to 30.30 m but are not present at 30.60 m. Below
this interval, these taxa are quite common therefore al-
lowing to easily recognise a distinct BEE within planktonic
foraminiferal Zone P5. Such event would occur at the
boundary between calcareous nannofossil Zones NP9 and
NP10, that is in the upper part of Zone CP8 and lower part
of Chron C24r.

In the same interval, DWAF assemblages show a marked
drop in diversity to the minimum value recorded in the stu-
died interval (fig. 5). Prior to this event, a bloom of S.
spectabilis and the invasion of shallower water taxa char-
acterised the pre.,BEE event recognised in calcareous fora-
miniferal assemblages. Such a change recorded in the
DWAF assemblages might be indicative of a gradual ini-
tiation of the P-E transition benthic event which, based on
a sedimentation rate of 7 m/m.y., would have started some
150 k.y. before the BEE.

The bloom of Repmanina charoides recorded just above the
CIE also seems to be of use for stratigraphic correlation across
the P~E transition in deep-water settings. It occurs, in fact,
just above the BEE observed in the calcareous benthic fo-
raminiferal assemblages and might be coeval to the entrance
of the Glomospira-Ammodiscus assemblage described by
Kaminski et al. [1996] from the Paleocene-Eocene Talaa
Lakrah section in northern Morocco. Similar assemblages
with common Glomospira and Ammodiscus have been des-
cribed from the lower Eocene of the Alpine Carpathian re-
gion [Jurkiewicz, 1967; Morgiel and Szymakowska, 1978;
Morgiel and Olszewska, 1981, 1982] and from the lower
part of Zone NP I0-NP12 (undifferentiated) in the Schlieren
flysch of the Alpine Flysch Zone of Switzerland. Kaminski
et a/. [1990] reported the range of Glomospira as confined
to the lower Eocene at Site 643 in the Norwegian Sea. A
remarkable bloom of R. charoides occurs in the Trabakua
Pass section in the Basque Basin where this taxon consti-
tutes the 50 % of the whole assemblage at the base of the
benthic foraminiferal Zone BB2 [Coccioni et al., ]995;
Orue-Extebarria et aI., 1996]. Higher abundances of Glo-
mospira representatives (including R. charoides) have been
reported in calcareous nannofossil Zones NP9 and NPIO,
and planktonic foraminiferal Zone P5 by Bubik [1995] from
the Bi]e Karpaty Unit (West Carpathian).

Across the BEE and CIE, a succession of discrete events
within the DWAF assemblages is recorded. Karrerulina co-
nifarmis and K. horrida first occur at 28.20 m, Reophax
elongatus at 29.60 m where Cribrostomoides trinitatensis
last occurs. As shown in figure 6, these taxa display stra-
tigraphically comparable FOs and LOs as observed in other
sites and ffijght be considered accessory bioevents for the
Late Paleocene to Early Eocene transition besides the en-
trance of the Repmanina-Glomospira-Ammodiscus assem-
blage.

[
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Summary scheme for magnetostratigraphy, stable isotopes, and biostratigraphy (calcareous nannofossils, planktonic foraminifera, deep water
benthic foraminifera) and bioevents in the DWAF assemblages across the P-E transition in {he Contessa Road section. The duplicated interval, previously
indicated in figure 2, is not reported.

FIG. 7. - Schema recapirulatif de fa magnitoHratigraphie, de5" isotopes stables, de la biostratigraphie (nannofoHiles calcaires, foraminiferes planc-
toniques, foraminiferes benthiques d'eau profonde), et des bioevenements dans Ie DWAF dans l'intervalle representant la transition P-E dans fa coupe
de fa « Contessa Road ». L'intervalle duplique, indique precidemment dans la figure 2, n 'est pas marque.

SUMMARY

The Contessa Road section offers the rare opportunity to
calibrate the geochemical, and bio- and magnetostratigra-
phic record across the P-E transition (fig. 7).

A negative shift of carbon isotope values corresponding
to the well known CIE that occured globally at the end of
the Paleocene Epoch is recorded in the lower part of Chron
C24r, within planktonic foraminiferal Zone P5 and at the
NP9/NPIO calcareous nannofossil zonal boundary, that is
in the upper part of Zone CP8.

A distinct turnover in calcareous benthic foraminifera
(BEE) has been identified within Zone P5 and at the cal-
careous nannofossil Zones NP9/NPIO zonal boundary, that
is in the upper part of Zone CP8 and in the lower part of
Chron C24r.

The comparison of DWAF and
mini feral records has allowed us

calcareous benthic fora-
to directly calibrate the

faunal turnover recorded by these two groups across the
P-E transition. A marked decrease in DWAF diversity occurs
within the same stratigraphic interval where the BEE is re-
corded in the calcareous benthic foraminiferal assemblage.
However, the record of DWAF indicates a gradual initiation
of such a change beginning some 150 k.y. before the BEE
with the entrance of shallower water taxa.

A succession of events has been recognised in the DWAF
assemblages across the P-E transition which might be of
use for supra-regional stratigraphic correlation across the
P-E transition in deep water settings.
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