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ZUMAIARI ESKAINIA
etxean dauzkazuen altxor geologikoak
ezagutzen lagunduko duelakoan.
Zumaiako Udalbatzari esker onez,
emandako laguntzagatik.

DEDICATED TO ZUMAIA
in the hope it will contribute to discover

the geological treasures you have at home.
Many thanks to the Zumaia Town Council

for your kind support.

Aitzgorri Lurmuturreko Daniarreko kareharri
gorriska eta zuriskaz dago eraikita Zumaiako
San Pedro eliza.

The San Pedro church in Zumaia was built using
the reddish and whitish Danian limestones

that crop out in the Aitzgorri headland.  
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THE PALEOCENE AND LOWER EOCENE
OF THE ZUMAIA SECTION

(BASQUE BASIN)





CONTRIBUTION OF PROFESSOR AXEL VON HILLEBRANDT´S
PIONEERING RESEARCHES TO PROMOTE ZUMAIA AS A

GLOBAL REFERENCE SECTION

(X. Orue-Etxebarria, E. Apellaniz)

The lower Paleogene Zumaia section is one of the best-known and most studied
land-based succesion in the world. This is partly due to the fact that this section con-
tains a continuous and expanded record of the Paleocene, is easily accessible and is beau-
tifully exposed in sea-cliffs. Furthermore, the position of the section between the
Tethys and the North Sea makes it an important link between these two classical
regions. But the success of Zumaia as a global reference section is also a result of the
pioneering work on planktic foraminifera carried out by Professor von Hillebrandt more
than 40 years ago.

Professor Axel von Hillebrandt was born on April 12th, 1933 in Tilsit (East Prusia)
where he completed his secondary education studies in 1952. Later on, he undertook his
university career choosing Geology at the universities of München and Freiburg between
1952 and 1957. This last year he obtained his Geology Diploma by the Technic University
in München with the Diploma Thesis entitled “Die Schichten der Gosau und des
Alttertiärs im Nordem und Nordwestern des Untersberges (Becken von Reichenhall)”. 

In the summer of 1958 he took part in a scientific-mountaineering expedition to
the southern  Pyrenees (Ordesa Valley, Monte Perdido). Availing himself of that oppor-
tunity, he had his first contact with the cliffs in Zumaia, where he had come around to
take sediment samples for micropaleontologic studies. The reason of this visit was the
indication by his Diploma Guide Professor, Dr. P. Schmidt-Thomé. The latter, deeply
inpressed by the superb outcrops in Zumaia, most probably knew the area from his dear
friend J. Gómez de Llarena, local geologist that had already published some papers on
the Cretaceus and Paleogene of Gipuzkua.

It was that very year, 1958, being camped next to the road going from Zumaia to
Getaria with his friend Dr. Herm, geologist who worked in the upper Cretaceous between
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Fig. 1.- Axel von Hillebrandt



Deba and the Aitzgorri headland at the same time Dr. Hillebrandt was researching in
Zumaia, that he had the opportunity to meet Joaquín Gómez de Llarena, who came to
visit them together with Professor Kockel (Marburg). Already in 1960 he took his
Doctorate exam, with a Thesis entitled “Das Paleozän und tiefere Untereozän im Becken
von Reichenhall und Salzburg”.

Between 1960 and 1962 he held the position of Assistant Lecturer at the Institute
of Paleontology  and Historic Geology of the University of München and from October
1963 the same position at the Institute of Geology and Paleontology of the Technic
University of Berlin. Also in 1963 he got married (was widowed in 1990), later on having
two daughters, Barbara and Ingrid. 

In 1961, 1962 and 1964 he visited the Southern Pyrenees and Zumaia with the aim
of measuring stratigraphic profiles and taking samples for his micropaleontologic stud-
ies. The scientific results of these excursions in the Pyrenees were published in Eclogae
Geol. Helv., 55/2, 1962 and later on translated into Spanish in Notas y Comunicaciones
del Inst. Geol. Y Min. de España, 73, 1964. 

After several articles mostly  published in german journals, in 1965 appeared the
work by Dr. Hillebrandt which granted Zumaia international renown in the Geology
(Micropaleontology) field, entitled “Foraminiferen-Stratigraphie im Alttertiär von
Zumaya (Provinz Guipúzcoa, NW-Spanien) und ein Vergleich mit anderen Tethys-
Gebieten.- Bayer. Akad. Wiss., math.-nat. Kl., 123, S.1-62, 3 Prof., 3 Kartenskizzen, 5
Tab., München”. Moreover, this work constituted the subject of his Thesis for qualifi-
cation at the Technic University of Berlin and it also included the results of the studies
carried out in Muskiz, Province of Navarre. 

From 1965 onwards, professor Hillebrandt extened his micropaleontologic studies
to the South of the Iberian peninsula, a fact that was later on reflected in several arti-
cles published in the Rev. Española de Micropaleontología, Bull. De la Société Géologique
de France, etc., where a correlation between the biozones of planktic foraminifera and
larger foraminifera was proposed. In 1967, using his excellent mountaineer and climber
skills, which enabled him to sample even in the most adverse situations, he took part in
a mountaineering and scientific expedition to the Central Mountain Range in Peru. 

From 1966 to 1968 he was Professor in the Geology School of the University of
Santiago de Chile and in 1969 he was appointed Professor of the Technic University of
Berlin. His paleontologic research widened to include groups as varied as planktic
foraminifera, larger foraminifera and finally ammonites. Between 1971 and 1997 he made
several visits to Chile, Peru and Argentina in order to deal with his scientific studies,
mostly dedicated to ammonites from the Pliensbachian of South America. 

Throughout his long career he has supervised a number of Theses, both Diploma
Theses and Doctoral Theses, carried out by students of the Insitute of Geology and
Paleontology of the Technic University in Berlin. He has also been the Doctoral Thesis
supervisor of J. Martínez (1977) and J. Cremades (1982), from the University of
Granada, as well as of Xabier Orue-Etxebarria (1982), from the University of the Basque
Country. 

In the management area, both university and scientific, he has been part of sever-
al committees and international groups, having held, among others, the position of
UNESCO’s Consultant for Micropaleontology in the School of Geology of Central America
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at the University of Costa Rica. He was also Director of the Institute of Geology and
Paleontology at the Technic University of Berlin from 1984 to 1987, Chairman of the
German Subcommission on Jurassic Stratigraphy between 1988 and 1995, Chairman of
“Paläontologische Gesellschaft” from 1995 to 1997, and finally retired in 1998. 

It is clear that, in a summary like this, it is impossible to exhaustively describe all his
works, which are close to a hundred, although it is necessary to mention that, even after
his retirement he continues developing an active research, mainly dedicated to study
ammonites from the lower Jurassic in South America. This fact has been reflected in the
publication of monographies on ammonites from the Hettangian, Sinemurian and
Pliensbachian. 

Finally, we would like to highlight professor Hillebrandt’s human aspect. Those of us
who have been lucky enough to meet him, either while he stayed in Elche (Alicante) and
Monte Perdido (Huesca) or during his participation in the 2nd International Conference
Global Bioevents, held in Bilbao in 1987, appreciate his kindness in sharing with us his knowl-
edge and vast experience. In our particular case, we must underline his behaviour as scien-
tific director, as he always managed to find some time for discussing and contributed to
the subject of Xabier´s Thesis. Furthermore, we will never forget his generosity when he
hosted us in his home in Berlin in 1980, during the period in which we corrected the
Doctoral Thesis. Since then, not only is he a master, but also a dear friend. 

Dr. Hillebrandt, mila esker eta besarkada bero-bero bat.
(thank you and a huge hug. // viele Danke un liebe Grüβe.)

On behalf of the Organizing Committee, your friends
Xabier Orue-Etxebarria and Estibaliz Apellaniz.
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Fig. 2.- Zumaia cross section from Hillebrandt (1965).





THE PALEOCENE AND LOWER EOCENE OF THE ZUMAIA SECTION (BASQUE BASIN)
FIELD-TRIP GUIDEBOOK

1.- INTRODUCTION

1.1. The Upper Maastrichtian and lower Paleogene in the Pyrenean Basin (G. Bernaola, J.I. Baceta,
V. Pujalte)

The Pyrenees are an unusual geologic area due to the thickness and cartographic extension of the
Mesozoic and Cenozoic sediments. It was configured as an emerged area during the Mid Cenozoic
(between 30-40Ma) as a result of the tectonic convergence undergone by the European and Iberian
plates (Pujalte et al. 2002). Until the uplift of the Pyrenees the Pyrenean area constituted an open
marine basin opened westward to the Proto-Bay of Biscay and North Atlantic. However, although the
Pyrenean Basin was opened to the Atlantic Ocean it shared with the Tethys similar climatic conditions
and biotic communities.

In the Pyrenean domain the  upper Maastrichtian, Paleocene and Ilerdian (Lower Ypresian) are
made up by an up to 500 m thick sedimentary succession representative of a wide-range of  sedimen-
tary environments, from continental to deep marine. The outcrops of these successions are extensive in
both sides of the Pyrenean chain and in the Basque Basin, and their maping and facies analysis have
allowed the elaboration of precise paleogeographic reconstructions (Fig. 3).

The upper Maastrichtian, Paleocene and Ilerdian (MPI) succession was deposited in a relative
tectonic calm phase that precedes the principal orogenic phase (Puigdefàbregas y Souquet, 1986;

The Paleocene and lower Eocene of the Zumaia section
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Fig. 3.- Late Danian (60 Ma) paleogeography of the Pyrenean domain, with indication of outcrops location and reference
localities (after Baceta et al., 2004).



Vergés, 1993; Baceta, 1996; Pujalte et al., 2002; Muñoz, 2002). This interval is, moreover, charac-
terised by a general transgressive trend, that together with the tectonic quiscence and a predominantly
warm and semiarid climatic regimen (Medus & Colombo, 1991; Schmitz & Pujalte, 2003) brought out
a substantial reduction of the siliciclastic input from the adjacent emerged areas and favoured the devel-
opment of an extensive shallow marine carbonate platform system during the Paleocene and Ilerdian
(Fig. 4). These platforms exceeded 50 Km in width and at some intervals developed bioconstructed
margins (coralgal reefs) that coexisted with bioclastic shoals and, landward, with protected lagoons,
carbonate beach systems and wide tidal plains. The pioneer studies about the Paleocene and lower
Ypresian platforms of the Pyrenean basin were done by Mangin (1959-1960), von Hillebrandt (1964)
and van de Velde (1967). From the later publications deserve to be stressed Garrido and Rios (1972),
Plaziat (1981), Eichenser (1988), Betzler (1989), Barnolas et al. (1990), van der Hurk (1990),
Luterbacher et al. (1991), Pluchery (1995), Serra-Kiel et al. (1994), Baceta (1996), Baceta et al. (2005).

The carbonates of the abovementioned platforms and the underlying  upper Maastrichtian mate-
rials grade landwards to continental or transitional deposits, that have been classically named “Garum”
or “Garumnian facies” (Leymerie, 1863; Rosell et al., 2001), or Trem Group (Cuevas, 1992).

Seawards, the MPI platform systems evolved to slope areas characterised by a discontinuous
sedimentary record and accumulation of breccias, conglomerates and carbonatic turbidites derived
from the adjacent platforms (Plaziat, 1975; Baceta et al., 1991; Baceta, 1996; Pujalte et al., 1998a, b).
Overall, the slope zones demarcate a central deep basin area (Basque Basin), with an estimated water
depth of about 1000 m (Pujalte et al., 1998) whose deposits have been principally preserved in the
Basque Arc (Bizkaia and Gipuzkoa) and in the North Pyrenean Zone (Fig. 3). In the Basque Basin the
sedimentation during the MPI was predominantly hemipelagic, and as a result laterally extensive suc-
cessions composed of an alternation of marls, marly limestones and limestones were deposited. Some
of the sections that contains these facies (mainly Zumaia, Gipuzkoa) are global reference sections for
this time interval as they have been the subject of multiple studies about late Cretaceous ammonites
and inoceramids (e.g. Wiedmann, 1988; Ward et al., 1991; Ward & Kennedy, 1993), late Maastrichtian-
lower Paleogene calcareous plankton (e.g. von Hillebrandt, 1965; Orue-Etxebarria, 1983; Arenillas,
1996; Bernaola, 2002), magnetostratigraphy and cyclostratigraphy (Roggenthen, 1976; Ten Kate &
Sprenger, 1993; Pujalte et al., 1995; Dinarès-Turell et al., 2002, 2003) and furthermore because they
offer excellent sections of some significant chronoestratigraphic boundaries such as the
Cretaceous/Paleogene (Lamolda et al. 1988; Lamolda & Gorostidi, 1992; Apellaniz et. al, 1997;
Apellaniz, 1998; Arenillas et al., 1998) Danian/Selandian (Schmitz et al., 1998), Selandian/Thanetian
or Paleocene/Eocene (Canudo et al. 1995; Schmitz et al., 1997; Baceta et al. 2000; Dinarès-Turell et
al., 2002; Orue-Etxebarria et al., 2004).

1.2 The Zumaia section (J.I. Baceta, V. Pujalte, G. Bernaola, X. Orue-Etxebarria, E. Apellaniz)
The Zumaia section, located in the coast of the Gipuzkoa province halfway between the cities of

Bilbao and San Sebastian, is an essentially continuous lower Santonian to lower Eocene succession that
crops out along a series of sea-cliffs and beaches. The MPI of the Zumaia section (latitude/longitude
42°18.00’N /2°15.30’W) is one of the best-known and most studied worldwide. In fact the section con-
tains a complete and very expanded record of the Paleocene, is easily accessible and is beautifully
exposed at the Aitzgorri headland seacliffs and the contiguous Itzurun beach (Fig. 5). Furthermore, the
position of the section between the Tethys and the North Sea makes it an important link between these
two paleogeographical domains.

Due to its easy accessibility and superb quality of exposure, the Zumaia section already attract-
ed the attention of pioneer workers in the region (e.g., Gómez de Llarena, 1946). It was later the sub-

Climate & Biota of the Early Paleogene, Bilbao 2006
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ject of general studies about planktic foraminifers (Hillebrandt, 1965), calcareous nannofossils
(Kapellos, 1974; Van Vliet, 1982) or sequence stratigraphy (Baceta, 1996; Pujalte et al., 1998a), to
mention but a few. Several other papers have focused on the analysis of the Cretaceous/Paleogene
(K/P) and the Paleocene/Eocene (P/E) boundaries including Alvarez et al. (1982), Smit and Ten Kate

The Paleocene and lower Eocene of the Zumaia section
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(1982), Wiedman (1986), Canudo and Molina (1992), Gorostidi (1993), Kunht and Kaminski (1993),
Ward and Kennedy (1993), Canudo et al. (1995), Ortiz (1995), Schmitz et al. (1997, 1998), Knox
(1998), Apellaniz (1999), Adatte et al. (2000), Bernaola (2002), Orue-etxebarria et al., (2004).

During the last decade the Zumaia section was considered a suitable section as the boundary stra-
totype for the K/P and P/E boundaries and now it has been proposed for the definition of the Selandian
and Danian stages (see www.stratigraphy.org/gssp.htm). The Zumaia section, in effect, complies with
most of the requirements listed by the International Commission on Stratigraphy (ICS, see Remane et
al., 1996), namely: (a) it posses an adequate thickness of exposed sediments, since the Paleocene inter-
val in Zumaia is in fact but a small segment of a near-continuous section spanning from the Campanian
to the lowest Lutetian; (b) no biostratigraphic gap or condensation are recognizable; (c) a high sedi-
mentation rate, Zumaia being in fact one of the most expansive open marine successions of the
Paleocene so far reported; (d) identifiable geochemical and geomagnetic signals (Schmitz et al., 1997
and below), a clear proof of minor diagenetic alteration; (e) abundant, well diversified open marine fos-
sils, including planktic foraminifers and calcareous nannofossils; (f) good exposure and easy accessi-
bility.

The lower Paleogene sediments of Zumaia were deposited at an estimated water depth of about
1000 m (Pujalte et al. 1995, 1998). The upper Maastrichtian, Paleocene and Ilerdian at Zumaia are rep-
resented by rythmic alternations of hemipelagic limestones and marlstones, plus some intercalations of
thin bedded carbonate, siliciclastic and mixed turbidites. This lithologic cyclicity has been attributed to
orbital forcing by different authors (Ten Kate and Sprenger, 1993; Dinarès-Turell et al. 2002, 2003).

The MPI succession at Zumaia is arranged into four main lithological units that are easy to
recognise in the field: The Zumaia-Algorri Fm., the Danian Limestones Fm., the Itzurun Fm. and The
Eocene Flysch (Fig. 5).

I) Zumaia-Algorri Fm. (Mathey, 1982). This unit reaches a thicknes of ~200 m and encompass-
es the Middle-Upper Maastrichtian. The upper member, which includes the upper Maastrichtian, is
characterised by alternations of purple marls and grey marly limestones with intercalations of thin-bed-
ded siliciclastic turbidites. The Cretaceous/Paleogene (K/P) clay marks the boundary between the
Zumaia-Algorri Fm. and the overlying Danian Limestones Fm.

II) Danian Limestone Fm. (Apellaniz et al.,1983). This is composed of a 49 m-thick alternation
of pink-grey limestones and marls with few intercalations of thin calcareous turbidites. According to
Pujalte et al. (1998) this unit represented an stage of low sedimentation rates across the whole Basque
Basin. Its boundary with the overlying Itzurun Fm. is defined by a sharp drop in the total carbonate
content from 75% to less than 25%.

III) Itzurun Fm (Baceta et al., 2004). It is a 80 m thick alternation of grey limestones and marls
with intercalations of thin-bedded siliciclastic and calcareous turbidites. At the base of this formation
there is a marl-dominated interval. The carbonate content increases upwards, reaching its maximum at
the middle-upper part of the unit, and then decreases progressively to research a minimum at the P/E
boundary. The turbidite content is higher in the upper part of the Itzurun Fm.

IV) Eocene Flysch: This interval is a marl-dominated unit with abundant intercalations of thin-
bedded siliciclastic turbidites. At the base of this unit there are is a 4 m thick distinct interval of red-
dark grey lutites that represents the important negative δ13C shift of the P/E boundary.
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2.- THE CRETACEOUS/PALEOGENE (K/P)  BOUNDARY

2.1 The K/P boundary and the Pyrenean Basin (G. Bernaola, E. Apellaniz, X. Orue-Etxebarria)
The K/P boundary is one of the best and most studied mass extinction events in the geological

record. Although it has been the subject of multiple high resolution analyses over the last three decades,
there are still some unresolved aspects related to the type and causes of the extinction. In general, two
basic extinction patterns have been proposed, a gradual one starting below or just above the boundary
and an abrupt or mass extinction. The identification of the extinction pattern is essential to the deter-
mination of its causes. According to Pospichal (1996b), a gradual or stepwise extinction might have
resulted from long term climatic and/or sea-level changes (Clemens et al., 1981; Hallam, 1987) or from
an extended period of intense volcanism that modified the composition of the atmosphere (McLean,
1982, 1985; Officer & Drake, 1983, 1985; Officer et al. 1987), whereas an abrupt mass extinction
might have resulted from a catastrophic event such as an impact of a large asteroid (Alvarez et al.,
1980, 1984) or an intense volcanism (Courtillot et al., 1988).

Presently, there is no doubt about the presence of a extraterrestrial body impact in connection
with the K/P boundary, but total agreement does not exist among the authors to determine if there was
one or several impacts (Keller et al., 2004 and references therein) and if the extraterrestrial cause was
the unique and/or principal reason of the biotic crisis. A mix of coincident causes such as an intense
period of volcanism and long term climatic and/or sea-level changes could have given rise to a grad-
ual extinction that could have reached its climax with one or several meteoritic impacts.

In the Pyrenean Basin the K/P boundary is preserved in numerous deep marine sections distrib-
uted in three major bands of outcrops: the Bilbao area, the San Sebastian area, and the Pamplona area
(Fig. 3). In addition to these, scattered outcrops also occur in southern Aquitaine (Pau area). Some of
the Basque sections have been the focus of palaeontological, geochemical, magnetostratigraphic and
sedimentological studies including many detailed micropalaeontologic analyses. Indeed, several of
them are already classic, notably those of Zumaia (Percival and Fischer, 1977), Bidart (Perch-Nielsen,
1979; Delacotte et al., 1985), Hendaia (Seyve, 1990) or Sopelana I (Orue-etxebarria, 1982; Lamolda et
al., 1983) as well as the lesser known from Monte Urko (Orue-Etxebarria et al., 1991).

In Zumaia section as in all deep-marine sections of the Pyrenean basin, the K/P boundary sepa-
rates two different groups of rocks. The rocks below the boundary are mostly reddish to purplish marls
and marlstones (Upper Member of the Zumaia-Algorri Formation, Mathey, 1986, also referred to as
“Maastrichtian marls”), whereas the rocks above it correspond to a group of grey and pink pelagic lime-
stones and marlstones that are called “Danian Limestones” (Apellaniz et al., 1983) (Figs. 6a, 6c).
Sequence stratigraphic analyses have established that the K/P boundary is included within a single
depositional sequence (Ma-Da Depositional Sequence in Figure 4, see also Baceta, 1996 and Pujalte et
al., 1997). In fact, the K/P boundary is included within the transgressive systems tract (TST) and in
most sections corresponds to a period of very low sedimentation rates (condensed interval). At Zumia
the TST spans the upper 2 m of the Cretaceous and the lower 3 metres of the “Danian Limestones”.

2.2. Lithostratigraphy of the K/P boundary interval (J.I. Baceta, V. Pujalte)
Due to the dominant hemipelagic nature of the sedimentation in the Basque Basin, the lithos-

tratigraphy of the various K/P boundary sections, including Zumaia, is quite similar.
Our observations demonstrate that the composite detailed stratigraphy of the K/P boundary in the

Basque Basin includes 5 well-defined lithologic intervals (Fig. 7), some of which may be locally miss-
ing due to tectonic deformation during the Alpine Orogeny. From base to top, the lithologic succession
is as follows.
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- Interval 1 (upper Maastrichtian, Abathomphalus mayaroensis biozone; Micula murus and
Micula prinsii biozones). It includes 20-30 cm thick couplets of compact, grey and reddish marls and
marlslones. In Zumaia and other sections such as Urrutxua, and Herrera there are intercalations of thin,
mixed carbonate-siliciclastic turbidites with silt/fine sand sized detritic quartz (50-65 %) and tests of
planktic foraminifers (10-20%) embedded in a matrix of micritic mud.

- Interval 2 (uppermost Maastrichtian, uppermost part of the A. mayaroensis biozone and M.
prinsii biozone). It is mainly characterized by a gradual but rapid decrease in the carbonate content.
Calcareous plankton is abundant in this interval.

- Interval 3 (K/P boundary clay). It includes a clay level that varies in thickness between 1 and
8 cm. These differences are partly the result of interbed sliding, as demonstrated by the presence of cal-
cite slickensides in some sections . Three layers can be differentiated within this clay bed (Fig. 6d,
6e,7). The lowest one (a) is a grey or yellowish silty bed that usually contains planktic foraminifer tests
with indications of dissolution. The intermediate layer (b) is a reddish to brownish siltstone where
microspherules with Ni-rich spinel crystals are significantly present. The uppermost layer (c) includes
thinly laminated, dark grey siltstones. The highest iridium anomaly occurs at the contact between the
upper two layers. At Zumaia the boundary clay is not laterally continuous due to the presence of cal-
cite slickensides and it is only is visible in small patches (Fig. 6b). At Zumaia and other Basque Basin
K/P sections features of impact deposits ocurr: iridium, Ni-rich spinels and soot (Rocchia et al., 1996).
The strongest peak of iridium has been found at Urrutxua section with almost 29 ppm. In the sediments

The Paleocene and lower Eocene of the Zumaia section
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Fig. 6.- Field photographs showing different aspects of the K/P boundary transition in several Basque Basin sections. (A-C)
General view of the K/P boundary at Zumaia and Hendaia sections. (B,D,E) Detailed view of the K/P boundary clay in
Zumaia, Urrutxua and Bidart sections.



of the Sopelana section, there is a strong concentration of soot in the first centimetres of the Danian.
All these data support the existence of, at least, one impact at the K/P boundary, coinciding with the
extinction of the calcareous plankton.

- Interval 4 (lowermost Danian, Gb. cretacea and Civisina euskalherriensis biozones;
Biantholithus sparsus biozone). It corresponds to a succession of grey marls that display an upward
increase in carbonate content, becoming marlstones in the upper part. In Zumaia the fist 4 cm of this
interval are of a darker colour.

- Interval 5 (lower Danian, Parasubbotina pseudobulloides biozone; Biantholithus sparsus bio-
zone). It is mostly made up of hemipelagic limestones with minor intercalations of hemipelagic marls.
In the Zumaia section there are also a few turbidites of mixed composition. These turbidites still yield
a significant number of Cretaceous calcareous nannofossils and planktic foraminifers, although Danian
taxa are already the major components of the assemblages. They also contain glauconite (5-10% of the
total) both as small rounded detritic grains, and authigenic, filling or partly replacing the tests of the
planktic foraminifers.

2.3. Calcareous nannofossil turnover across the K/P boundary (G. Bernaola)
It the K/P boundary transition of Zumaia section a total of 88 calcareous nannofossil species has

been recognised: 68 cretaceous, 6 Persistent and 14 Paleocene (Fig. 8). According to preservation cri-
teria proposed by Roth and Thierstein (1972) all the samples yielded moderatelly preserved calcareous
nannofossil assemblages. The total abundance is variable, relatively high in the upper Maastrichtian
samples, from 3,27 to 7,1 spp./f.v. (a mean of 5,74 spp./f.v.), and much lower in the lower Danian, rang-
ing from 0,65 to 2,38 spp./f.v. (a mean of 1,04 spp./f.v.)(Fig. 9).

The upper Maastrichtian assemblage is characterised by  high total abundance and species rich-
ness, a mean of 5,75 spp./f.v. and 39-50 species per sample (S-H of about 2,8). The assemblage is dom-
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inated by more than  99% of cretaceous species the persistent ones being very rare (Fig. 10). The most

abundant species, that represent 70-80% of the total assemblage, are W. barnease, Cr. ehrenbergii, M.

decussata, Pr. cretacea, Pr. intercisa, Retecapsa spp., Ze. spiralis, Ark. cymbiformis, Eiff. turriseifelii

and Ah. regularis. The remaining 20-30% is composed by those species that never reach the 2-3%,

such as M. attenuatus, Cy. serratus, Chiastozygus spp., Pr. spinosa, M. murus and M. prinsii, the latest

the marker of the base of the Micula prinsii biozone. The thickness of the M. prinsii biozone, which

characterises the terminal Maastrichtian in complete sections, changes among the Basque Basin sec-

tions. It is 6 m thick at Zumaia but it is just few centimetres in Monte Urko section (Gorostidi and

Lamolda, 1991), and up to 10 m in Bidart (Bernaola 2002). All the sections have a similar sedimenta-

tion rate and the difference in the thickness of this biozone in different sections is due to a taphonom-

ic control.

In connection with the lithological change between horizon 2 and 3 an important turnover in cal-

careous nannofossil assemblages is registered. The calcareous nannofossil total abundance suddenly

drops from 4,76 to 0,77 spp/f.v. (a reduction of the 84%) and the diversity also shows a marked decrease

(Fig. 9). In connection with this lithological change a slight increase in the relative abundance of

Thoracosphaera spp. is also observed, from very rare to about 3% of the total assemblage (Fig. 11).

However, the calcareous nannofossil assemblage is very similar to that found in the underlying sedi-

ments and the Cretaceous species are the dominant group (Fig. 10). During the last two decades the

massive occurrence or increased frequency of Thoracosphaera spp. has been widely used to define the

K/P boundary.

Three centimetres above the lithological change the relative abundance of Thoracosphaera spp.

increases abruptly, reaching the 30% of the total assemblage. At Zumaia section Thorocospharea spp.

is not the only persistent species that blooms above the K/P boundary. Following the bloom of
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Fig. 9.- Calcareous nannofossil total abundance and species richness (spp./f.v., S-H)

across the K/P boundary interval at Zumaia section.



Thorocospharea spp. the blooms of other persistent species such as Cy. reinhardtii, Oct. multiplus, Br.

bigelowii are registered (Fig. 11). The group of the persistent species is completed by Pl. sigmoides and

M. inversus that never reach  5% of the total assemblage.

12 cm above the lithological change that marks the K/P boundary (boundary between intervals

2 and 3) the assemblage is dominated by persistent species. This calcareous nannofossil assemblage

dominace change is very fast (Fig. 10).

After an abrupt decrease across the first 25 cm of the Paleocene, the relative abundance of cre-

taceous species decreases progressively, being rare 1m above the K/P boundary. At Zumaia the domi-

nace of the persistent species extends up to 7 m above the K/P boundary, where the new Paleocene

species become the dominant species (Fig. 10).

Several new Paleocene species have their First Occurrence (FO) in the first meter of the

Paleocene (Fig. 12). B. sparsus and B. hughesii appear just above the Ir anomaly, followed by the FO

of  Br. discula, Br. alta, Cy. alta, Ch. ultimus Cr. primus small and Ne. parvulum. Ne. romeinii, very

abundant in low latitude sections such as El Kef, is not present in Zumaia section. Following the

blooms of the persistent species the blooms of the some diminute Paleocene species, such as Ne. parvu-

lum Fu. petalosa, Pr. dimorphosus and Pr. martinii, are registered (Fig. 11).

The understanding of the calcareous nannofossil extinction model and the subsequent recovery

over the K/P transition largely depends on the interpretation of the Cretaceous species found in Danian

sediments. In the present study the persistent species are the unique forms that are considered confi-

dently survivors.  It is not possible to prove or disprove unequivocally the survivorship of most van-

ishing species by means of the criteria proposed by previous authors. Some of the Cretaceous species

could have survived for a short time but they were not able to adapt to the hostile environment and

changes in ocean circulation related to the K/P event(s) and did not serve as ancestors to Paleogene

species.

After the K/P event(s) the persistent species suddenly become the dominant group of the non-

reworked assemblage. Their total abundance, however, is low along the first meters of the Danian, sug-

gesting a persistence of low nannofossil carbonate production for at least the first million years.
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In agreement with Bown (2005) we consider the persistent species, mainly r-selected, oppor-
tunistic taxa, which took up progressively the ecologic niches that were previously occupied by domi-
nant Cretaceous K-selected, specialist species, undergoing in many cases a significant geographical
expansion. However, their low total abundance suggests that they survived in a still hostile ecosystem
and/or they changed their life-cycle strategies i.e. as naked coccolithophorids.

The persistent species keep their dominance in the calcareous nannofossil assemblages up to 7
m above the boundary. The beginning of an increase in the calcareous nannoplankton total abundance
recorded one meter above the K/P boundary together with the increase in abundance of the cited new-
Paleocene species mark the beginning of the calcareous nannoplankton communities' recovery.
However, the relatively high abundance of persistent taxa higher up in the succession indicates that the
total recovery of the calcareous nannoplankton communities did not take place until the upper part of
Danian.

2.4. Planktic foraminifera turnover across the K/P boundary (E. Apellaniz, X. Orue-Etxebarria, H.
Luterbacher)

The interpretation of the planktic foraminifer turnover across the K/P boundary varies between
the researchers. For instance, some authors perceive a gradual decrease of the Cretaceous species
(Keller, 1988), whereas others argue in favour of a sharp extinction event (Smit, 1982).

The Zumaia section, together with other Basque Basin K/P boundary sections, has become
essential to shed light on this controversy.

In this section, where the planktic foraminifer to total foraminifer assemblage ratio is higher than
90%, the planktic foraminifera assemblage preservation is good and the total abundance high. In the
upper Maastrichtian the planktic foraminifers abundance is between 50,000 and 90,000 per gram of dry
processed sample in the fraction 100 to 500 µm. Lower Paleocene samples are much poorer and their
content of the 40-100 µm fraction increases progressively upward from the base of the Paleocene vary-
ing between 2,500 and 11,000 planktic foraminifers.
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Fig. 11.- Relative (red lines) and absolute (grey shadow) abundances of selected calcareous nannofossil taxa across the
K/P boundary interval at Zumaia section.



At the K/P transition we recognize a total of 79 planktic foraminifer species. Of these, 63 are
Cretaceous and the remaining 16 are present only in the Paleocene samples (Fig. 8). Despite of such a
high diversity, we have not found some species characteristic of lower latitudes such as Plummerita
hantkeninoides and Gll. prairiehillensis present for instance at the Beloc (Leroux et al., 1995) and El
Kef sections (Orue-Etxebarria, 1997).

All the species mentioned in the final part of the Maastrichtian reach theK/P boundary  (Fig. 8)
and no gradual extinction as that suggested by Keller (1988) has been observed. The source of the prob-
lem relies on the fact that if a sufficient amount of sample is not analyzed it is likely that some of the
rare species may not appear and can be considered as extinct. At least 40 of the 63 identified species
are rare and contribute each to less than 1% of the total number of specimens in the sample. Although
no species become extinct in the last three metres below the boundary, there is a decrease in popula-
tion size for some species probably due to environmental changes previous to the extinction at the K/P
boundary. This is the case of Gta. stuarti, Gta. stuartiformis, C. contusa, C. patelliformis, C. walfis-
chensis, Gll. subcarinatus, A. mayaroensis, Sh. multispinata and most rugoglobigerinids, specially R.
rugosa and R. scotti which change from a relative proportion of more than 1% to less than 1%.

Of all the Cretaceous species recognized, 33 (52%) become extinct at the K/P boundary. The
species most affected by the extinction event are the large-sized, complexly ornamented ones belong-
ing to genera Pseudotextularia, Racemiguembelina, Abathomphalus, Globotruncana, Globotruncanita,
and Contusotruncana which are characteristic of tropical and subtropical environments. All the species
that disappear except Pst. elegans and Pst. nuttalli show a relative proportion smaller than 1%.
Furthermore, the total of specimens included in the species that become extinct represent approximate-
ly 20% of the total.
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With regard to Paleocene samples, we think that most of the Cretaceous species found in these
samples are surviving ones. We do not agree with Smit (1982, 1990) and Olsson et al. (1999) who sug-
gested that only one or very few species survived the K/P boundary extinction. Our opinion is based
mainly in the following observations: (1) it should be pointed out that not only in the sections of this
study but also in Caravaca, Brazos River, El Kef, etc., upper Maastrichtian foraminifers consistently
occur at the base of the Paleocene; it would be intriguing to think that reworking processes would work
in the same way for the same intervals in all these sections; (2) it is still more significant to realize that
most of the Cretaceous species found in the base of the Paleocene are always the same in all the sec-
tions and that, furthermore, their stratigraphic distribution or temporal extinction at the beginning of
the Paleocene is always very similar in all of them; (3) on the other hand, if they are reworked speci-
mens it is difficult to explain why most of the species are the small-sized and thin-walled ones and not
those with a solid test and thick-walled; and (4) finally, it is important to indicate that most of the plank-
tic foraminifers considered to be surviving species are smaller in the basal Paleocene samples than they
were in the latest Cretaceous ones.

The 30 surviving species progressively disappear along the Civisina euskalherriensis and P.
pseudobulloides biozones. In the lower Paleocene samples we have recognized 16 Paleocene species,
three that first appear in the Gb. cretacea biozone, nine that first occur through the Civisina euskalher-
riensis biozone and the other four that first appear in the P. pseudobulloides biozone. 

These results partially agree with Smit’s idea in the sense that all the species of the end of the
Maastrichtian reach the K/P boundary, where they suffer a sudden extinction. On the other hand, there
are a high number of species surviving the extinction which mainly affected the less cosmopolitan
species.

The extinction of more than half of the species of the end of the Cretaceous was probably caused
by the impact of, at least, one extraterrestrial bolide. This statement is reinforced by the relationship
between the moment of the extinction and the appearance of the impact markers. Larger-sized species
(i. e., G. arca or Pst. deformis), or even some small ones, initially survived to the environmental stress
conditions at the beginning of the Paleocene by becoming smaller, but they later suffered a terminal
extinction since they were not able to further adapt themselves to the new stressful conditions created
by the impact. On the other hand, some small-sized surviving species, which were  able to endure
stressful environments, suffered a phyletic extinction evolving towards forms that would occupy the
ecological niches left empty after the boundary extinction. Based on data we now have (Apellaniz et
al., 2002) both from the Basque Basin and elsewhere, we can affirm that all or almost all the species
characteristic of the beginning of the Paleogene did evolve from surviving Cretaceous forms, but from
a number of species notably higher than that suggested up to now (Fig. 13-15).

2.5. Evolution of the early Paleogene planktic foraminifera (E. Apellaniz, X. Orue-Etxebarria, H.
Luterbacher) 

Evolutionary trends in planktic foraminifera across the K/P boundary are very well documented
in numerous surface sections of the Basque Country (Western Pyrenees). Apellaniz et al. 2002 pro-
posed a phylogeny of the early Paleogene planktic foraminifera which was somewhat more complex
than those suggested by previous authors. They favour a polyphyletic radiation which starts after the
faunal crash at the Cretaceous/Paleogene boundary from the surviving populations of Hedbergella spp.,
Heterohelix (s.l.) spp. and Guembelitria spp. which show considerable morphologic variability (Figs.
13-15). These morphotypes which lived in the K/P ‘Strangelove’ocean (Zachos et al., 1989) underwent
important and maybe in part heterochronous morphologic changes in their attempt to occupy ecologi-
cal niches emptied by the mass extinction at the end of the Cretaceous. 
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Fig. 13.- Evolution of the early Paleogene planktic foraminifera with perforate wall (except species of the genus
Parvularugoglobigerina) originating fom Heterohelix spp., Guembelitria cretacea and Guembelitria trifolia.

Fig. 14.- Evolution of the early Paleogene planktic foraminifera (genera Parvularugoglobigerina, Globanomalina and
Praemurica) originated from Hedbergella holmdelensis.



Quite a few morphotypes developed during this rapid adaptive radiation were not successful as
demonstrated by the many very short-lived species.

The proposed polyphyletic radiation is based on the recognition of a considerable number of
Cretaceous species which survive into the early Paleocene as shown by the study of sections in differ-
ent regions and depositional environments (Orue-Etxebarria, 1997; Apellaniz et al., 1997; Apellaniz,
1999).

A total of nine different evolutionary lineages are recognized within the early Paleocene plank-
tic foraminifera (Figs. 13-15). The new genus Civisina with its type-species C. euskalherriensis is char-
acterised by the appearance of a very characteristic apperture which extends onto the peripheral mar-
gin of the youngest chamber (Fig. 14). Besides its type-species, it includes also C. longiapertura which
is kept separate from Parvularugoglobigerina eugubina.
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Fig. 16.- Schematic view of the Aitzgorri headland outcrop and location of field photographs (A, B, C) showing different
aspects of the studied Danian section. The position of the K/P boundary, the magnetic chron boundaries and some of the ~110
ky eccentricity cyles are shown. (see also Fig. 17). 

Fig. 15.- Evolution of the early Paleogene planktic foraminifera with cancellate or weakly cancellate wall (genera
Parasubbotina, Eoglobigerina and Subbotina originating from Hedbergella hillebrandti.
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3. CYCLO-, MAGNETO- AND CALCAREOUS PLANKTON BIOSTRATIGRAPHY OF THE
DANIAN LIMESTONE

3.1. Magnetostratigraphy of the Daniam Limestone (J. Dinarès-Turell, J.I. Baceta, V. Pujalte)
The intensity of the Natural remanent magnetization (NRM) of the 1992 samples collected for

the magnetostratigraphic analysis of the Danian of the Zumaia section (Figs. 16-17) was generally
around 1x10-3 A/m although it was lower for some of the whitish-coloured carbonate-rich beds. Three
magnetization components can be recognized in most samples upon demagnetization, in addition to a
viscous magnetization removed below 100-150°C. Component H conforms the ChRM and has either
normal or reverse polarity in bedding-corrected coordinates. Before bedding-correction, component H
has a steep inclination not compatible with a Paleocene to recent geomagnetic field direction, whereas
the mean ChRM inclination after bedding correction is near the expected Paleocene inclination for the
site paleolatitude.

The ChRM declination, inclination and VGP latitude together with relevant biostratigraphic
and lithologic information for the studied section is shown in Fig. 17. Taken the K/P boundary, known
to occur in the upper part of chron C29r, as the starting point, the succession of magnetozones at
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Zumaia can be straightforwardly correlated to the standard GPTS. Six reversal boundaries are unam-
biguously identified at a bed level. Within chron C26r, a few samples with positive VGPs that delin-
eate two short normal zones that may represent cryptochrons are identified (Fig. 17).

3.2. Cyclostratigraphy of the Danian Limestone (J. Dinarès-Turell, J.I. Baceta, V. Pujalte)
In order to evaluate sedimentary-forcing mechanisms from the lower Paleocene strata, a litho-

logic coded series has been generated at intervals of 1 cm and studied with spectral analysis. A bed-by-
bed lithologic log was created in the field and the GSA Rock Colour Chart (based on the Munsell
colour system of Hue/Value/Chroma codes) was used to estimate the colour of all limestone beds.
Marlstone beds are mostly reddish in colour. Limestone beds can be grouped in three colour categories
(reddish, pinkish and whitish), which have a clear relation to carbonate content (red colour decreases
with relative high carbonate content). In addition to the bedding stacking information in terms of lime-
stone/marl lithology, the arbitrary coding for the lithologic series takes into account the colour of the
beds as follows. Limestone beds have been given a value of 90, 60 or 40 depending whether they were
whitish, pinkish or reddish in colour respectively. Marlstone beds have been given a value of 10 or 20
depending on the field appreciation of their relative carbonate content. A value of 20 has been also
assigned to corresponding marly bed partitions within crowded bundles. Consequently, the evenly
spaced (1cm) constructed lithologic series ranges from 10 to 90 and represents an approximation to a
carbonate proxy record.

Standard (Fourier) spectra were calculated for the lithologic-coded series. For that use and for
filtering purposes, the software package “AnalySeries” has been employed. The Continuous Wavelet
Transform (hereafter CWT) has also been applied to analyze the time evolution of the spectral power
and to test its statistical significance. For nonstationary time series, the CWT can be particularly use-
ful to unravel and document periodicities that might be present at different times (i.e. localization of
periodicities), related, for instance, to variations of the sedimentation rate or to detect (temporal) dis-
continuities of the accumulation. The CWT has been chosen as it is proven superior to the windowed
Fourier transform, given its inherent multi-scale character.

The stacking of hemipelagic marlstone and limestone lithologies at Zumaia defines a cyclic (or
rhythmic) bedding pattern (Figs. 16, 18). The basic noticeable cycles are the bedding couplets, which
consist of alternating pairs of marl and limestone beds in different relative proportions or by a vertical
variation in carbonate content within marl or limestone intervals. Thickness of these couplets ranges
from 15 to 45 cm (average of about 25 cm). The limestone/marl couplets can in turn be grouped into
bundles usually containing 4 to 6 couplets. A whole range of bundles has been observed. These include
open bundles where usually all the constituent couplets retain their marly and lime portions (i.e. bun-
dles E6-E8 in Fig. 16C), and crowded bundles which, in contrast, almost lack recognizable the marly
partitions between limestones (i.e. bundles E23-E29 in Fig. 16B). The thickness of the bundles dimin-
ishes from open (maximum thickness of ~2 m) to crowded ones (minimum thickness of ~60 cm) with
an average of about 1.2 m.  The precession (~21 kyr average periodicity) and eccentricity (~100 kyr)
origin for the couplets and bundles is roughly confirmed when the duration of magnetozones and bios-
tratigraphic intervals retrieved in the Early Paleocene segment are compared to standard time-scales.

Spectral analysis of the coded series was first performed in the depth domain (Fig. 19). The
results using the Blackman-Tukey method, which is based on the standard Fourier transform, reveal
spectral peaks in the frequency band at 21-26-31 cm and 83-122 cm that correspond to the average
thickness of the basic lithologic couplet and bundle cycles respectively (Fig. 19A). The filtered record
of the 1.22 m component follows well the stacking pattern of bundles. The difference in bundle thick-
ness is probably indicative of varying sedimentation rates along the section. The global wavelet spec-
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trum (Fig. 19B) shows significant peaks at periods of 30 cm and 1.22 m that are comparable to the ones
detected with the Blackman-Tukey method that correspond to the ~21/kyr precession and ~100 kyr
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Fig. 17. Stratigraphic variations of declination, inclination of the ChRM vectors and virtual geomagnetic pole (VGP) latitude
plotted on a lithologic log where main biostratigraphic events and position of paleomagnetic samples are indicated. Open cir-
cles denote unreliable data and crosses mark the position of samples that have provided no data. Correlation to the GPTS is
provided.



eccentricity cycles respectively. In addition, a longer period peak at 4.4 m is also obvious. This period
most likely corresponds to the 404-kyr eccentricity cycle. Recent long-term numerical simulations of
the orbits of the major planets in our solar system (Varadi et al., 2003) has enabled an accurate Earth’s
orbital eccentricity time series (Va03_R7 solution) to be computed back to 110 Ma with restricted accu-
racy beyond the past 50 Ma. More recently Laskar et al. (2004) have also provided a full integrated tar-
get orbital solution.

For orbitally tuning “floating” geologic records, one should ideally use the single and more sta-
ble long eccentricity cycle of 404-kyr period. The corresponding peak of this cycle in the depth domain
does not seem to be clearly present and persistent in the Zumaia lithologic coded series (see above).
However, we note that the strongest localization of this peak in the 33-43 m interval (Fig. 19) includes
two obvious thick whitish (carbonate-rich) bundles (E35 and E36) that conform a maxima in the cor-
responding 4.4 m filter output as previously noted. Another interval of high amplitude in the 4.4 m fil-
ter output (and significance of this period in the local wavelet) occurs towards the base of the section
where several carbonate-rich bundles exist. The time span between these two intervals can roughly be
estimated to be about 2.8-3.2 Ma (by counting the ~100-kyr eccentricity bundles or the number of max-
ima in the 4.4 m filter output and assumed to correspond to the 404-kyr eccentricity cycle). This is con-
sistent with the long-term eccentricity cycle of ~2.4 Myr period which defines modulation nodal pat-
terns of ~2.0 Myr and ~2.8 Myr. When examining the Va03_R7 eccentricity solution for the time inter-
val 61-66 Ma, it is found that two such nodes of low eccentricity amplitude exits at ~62.1 Ma and ~64.9
Ma resulting in a 2.8 Myr modulation cycle (Fig. 20) (note that low-amplitude ~100-kyr eccentricity
results in a high- amplitude 404-kyr eccentricity). A direct tuning of the Zumaia section to the Va03_R7
eccentricity solution can therefore be attempted by matching the intervals of high significance of the
4.4 m period to the nodes of the ~2.8 modulation cycle as the starting point. The node towards the base
of the section is less obvious and could also be marred by long-term effects of the K/P boundary (i.e.,
nannofossil abundance does not recover until 12 m above the K/P boundary). The obvious carbonate-
rich bundles E35 and E36 from the upper interval appear more suitable for correlation. The phase rela-
tionship between the sedimentary record and the astronomical target needs first to be established. We
assume that relatively carbonate-rich intervals correspond to eccentricity minima as usually found in
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Fig. 18.- Key features of the lithologic stacking pattern for the Paleocene Zumaia section.



marine pelagic records. Consequently, the center of bundles E35 and E36 are correlated to consecutive
eccentricity minima that define a distinct minimum in the 404-kyr eccentricity cycle around 62.35 Ma
(Fig. 20) as a start in our tuning. The tuning procedure continues by matching successive bundles to
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Fig. 19.- (a) Lithologic column, coded lithologic series and filter outputs (Gaussian fil-
ter centred on 1.22 m (0.8197 ±0.4m-1 bandpass) and 4.4 m (0.2272 ±0.05 m-1 band-
pass) on a stratigraphis scale. At the bottom is shown the power spectra (Blackman-
Tukey method with a Barlett window) of the coded lithologic series where the bandwidth
(BW) and the period of relevant peaks are given. (b) local wavelet power spectrum of the
coded lithologic series using a Morlet wavelet. The colored contours are at normalized
variances of 2, 5, 10 and 20. The thick white contours enclose regions of greater that 95%
(dashed) and 80% (continuous) confidences for a red-noise process with a lag-1 autore-
gressive process plotted only for periods greater than 64 cm. Cross-hatched regions on
either end indicate the “cone of influence” where edge effects become important (see
Torrence and Compo, 1998). The global wavelet spectrum for the entire series is shown
at the bottom.
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Fig. 20.- Tuning of the lithologic bundles (E-cycles) to eccentricity minima in the eccentricity time series of solution Va03_R7
[Varadi et al., 2003]. Corresponding 404-kyr eccentricity minima are shaded. Two equivalent time slices of the eccentricity
time series of solution La93 (Laskar et al., 1993) with an envelope around eccentricity minima and maxima are plotted for
comparison. The two La93 solution time slices have been chosen to anchor on two nodes of low eccentricity amplitude in the
Va03_R7 solution. Initial tuning matches the two carbonate-rich bundles 35 and 36 to consecutive eccentricity minima that
conform a minimum in the 404-kyr eccentricity cycle related, in turn, to a node of low eccentricity amplitude of the ~2.4 Myr
eccentricity modulation. The new Laskar La04 orbital solution is also shown.



successive eccentricity minima in the Va03_R7 solution (Fig. 20). For comparison purposes two time-
slices of the La93 solution containing an equivalent ~2.8 Myr modulation cycle are plotted in Fig. 20
in addition to the most recent La04 solution.

In order to be more useful we compute elapsed time (as opposite to absolute ages) and estimate
duration of chrons and relative ages for bioevents by both cycle counting precession cycles and by the
eccentricity-based tuning to the Va03_R7 orbital solution. A cycle-tuned duration for the different Early
Paleocene chrons from C29r to C27n at Zumaia is presented in Table 1

3.3. Planktic foraminifera biostratigraphy of the Danian Limestone (X. Orue-Etxebarria, E.
Apellaniz)

All studied samples contained planktic foraminifera although the content was variable with the
poorest at the K/P boundary clay (200-300 specimens/g and smaller than 100 um). Higher in the sec-
tion, the richness, diversity and size of planktic foraminifera increase gradually, allowing the separa-
tion of more than 500 specimens per sample.

The distribution of species at Zumaia (Fig. 21) largely coincides with that pro-posed in the stan-
dard biozonation although some significant differences have been detected. Firstly, the highest occur-
rence (HO) of Parvularugoglobigerina eugubina was recognised 5 cm above the lowest occurrence
(LO) of Parasubbotina pseudobulloides, which in turn coincides with the LO of Subbotina triloculi-
noides and other significant species such as Eoglobigerina edita or Globoconusa daubjergensis.
Secondly, the LO of Globanomalina compressa is clearly older (4.52 m stratigraphically below) than
the LO of Praemurica inconstans-trinidadensis. The same biostratigraphic circumstances have also
been observed in higher-resolution studies of other Lower Paleocene sections from the western
Pyrenees such as Sopelana and Bidart (Apellaniz et al., 1997; Apellaniz, 1998), which raises questions
on the validity of the criteria used by Berggren et al. (1995) to establish the Pa/Pl and Plb/Plc biozon-
al boundaries. Consequently, we kept the criteria used in an earlier work by Berggren and Miller (1988)
that use the first appearance datum (FAD) of Ps. pseudobulloides and the FAD of Pr. inconstans-
trinidadensis to define the Pa/Pl and Plb/Plc boundaries respectively. Likewise, the coincidence of the
LOs of Ps. pseudobulloides and S. triloculinoides, which are older than the HO of P. eugubina, makes
it impossible to differentiate the P1a and Plb subzones as proposed by Berggren et al. (1995) and
Berggren and Miller (1988).
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Chron CK95 ODP Sites 1001A, 1050C 
Rohl et al (2001)  

Bjala (Bulgaria)  
Preisenger et al., (2002)  

Zumaia  
Dinarès-Turell et al. 2003  

 Duration (kyr)  Cycles Durationa (kyr) Cycles Durat.a (kyr) Cycles Durationa (kyr) 
C29r_Pal.  245 ~14 300 11 231 12 252 (228)  
C29n 769 ~32 670 31 651 38-39 796-819 (879)  
C28r 342  - 9 189 12-13 252-273 (210)  
C28n 1135  - 54 1134 49 1029 (1089)  
C28 1477  1280b 63 1323 61-62 1287-1302 (1228)  
C27r 1223 23-25 obliq.  929-1010 44 924 50 1050 (964)  
C27n 356 11-13 obliq.  444-525 10 210 11 231 (273)  
C27 1579 36 obliq. c ~1450 54 1134 61 1280 (1248)  

Table 1
Cycle-tuned estimates for the duration of Early Paleocene chrons. Cycles refer to precession otherwise is specified.

a) Applying a modern mean precession and obliquity periods of 21 kyr and 40.4 kyr respectively). Duration in brackets is from
the eccentricity-based tuning to the Va03_R7 astronomical target.
b) Estimated assuming an intermediate spreading rate (16.7 km Ma-1) for C28 (interpolated from the South Atlantic magnet-
ic anomaly profile.
c) Cycle counting in Hole 1001A indicates 47 precession cycles + 11 obliquity (obliq.) cycles for C27.



The P1/P2 and P2/P3 biozones can be identified unambiguously at Zumaia because the species
that define them (Praemurica uncinata and Morozovella angulata respectively) are abundant since
their first occurrence. Finally, it is worth noting that due to the loose sample spacing in the upper part
of the studied section, the LO of Igorina albeari, a datum that defines the P3a/P3b subzone according
to Berggren et al. (1995), cannot be precisely determined.

3.4. Calcareous nannofossil biostratigraphy of the Danian Limenstone (G. Bernaola)
Preservation and abundance of calcareous nannofossils vary along the section in a similar way

to the planktic foraminifera. Calcareous nanno-fossil abundance is low (0.77 specimens/field of view,
spp./f.v.) in the marly interval above the K/P boundary and progressively increases along the first 12 m
of the Danian limestones where it reaches similar values to those observed in the uppermost Cretaceous
(~5 spp./f.v.). The nannofossil abundance keeps constant, or increases slightly, up to the marl-limestone
to reddish marl transition at 49 m, where it increases sharply with values of 22 spp./f.v. at the base of
the reddish marls (Fig. 21).

In accordance with the vertical distribution of the calcareous nannofossil species, we recognised
at Zumaia the first five biozones of the biostrati-graphic scale of Martini (1971) (Fig. 2l). It is impor-
tant to point out that to establish the NP1/ NP2 and NP2/NP3 biozone boundaries we considered the
modifications introduced by Perch-Nielsen (1981, 1985) based on the taxonomic clarifications of
Romein (1979). The NP1/NP2 is consequently defined by the LO of Cruciplacolithus primus (large)
(and not the LO of Cr. tenuis) whereas the NP2/NP3 boundary is defined by the LO of Cr. edwarsii
(and not the LO of Ch. danicus). The precise location of all the zonal boundaries is shown in Fig. 21.
The NP3/NP4 and NP4/NP5 boundaries are defined by the LO of Ellipsolithus macellus and
Fasciculithus tympaniformis respectively (Martinii, 1971). Although E. macellus appears discontinu-
ously during the first 16 m after its first appearance (Fig. 2l) we think that its LO at 23.95 m is reliable
since it is very close to the LO of Neochiastozygus saepes (occurring at 25.75 m at Zumaia), used at
high latitudes to approximate the NP3/NP4 boundary (Perch Nielsen, 1979). The first occurrence of F.
tympaniformis at 50.5 m is similar to that reported by von Salis in Schmitz et al. (1997). We also note
that the LO of Neochiastozygus perfectus, which in North Sea sections first appears just below the
unconformity separating Danian and Selandian deposits occurs 150 cm below the first record of F. tym-
paniformis (Thomsen, 1994).
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Fig. 21.- Selected calcareos nannofossil and planktonic foraminifera species distribution across the Danian Limestone of the Zumaia
section. 1-7 and a-d Planktonic foraminifera and calcareous nannofossil biovents as shown in fig. 17.



4.- THE MID-PALEOCENE INTERVAL AT ZUMAIA

4.1. An overview (J.I. Baceta, G. Bernaola)
The mid-Paleocene represents one of the most interesting intervals of the Zumaia section, as it

includes abrupt lithologic changes, a short-term episode of remarkable paleoceanographic change, and
one of the most complete records of the main biostratigraphic events and magnetic reversals that took
place during the late Danian-middle Thanetian time span. Some of these attributes were already
stressed in several previous works on the section (e.g. Pujalte et al., 1993, 1995 and 1998; Arenillas,
1996, Baceta, 1996, Schmitz et al., 1998; Dinares-Turell et al., 2003, Bernaola, 2002, Baceta et al.,
2004), although they have been overshadowed by the more striking events associated to the
Cretaceous/Paleogene and Paleocene/Eocene boundaries. A raising interest on some of the biotic,
oceanographic and even astronomic signals across the interval and the need of a formal decision about
the internal subdivision of the Paleocene epoch, have prompted a detailed re-inspection of the mid-
Paleocene of the Zumaia section. In fact, it has been proposed as a firm candidate for the definition of
the GSSP's of the Danian-Selandian and Selandian-Thanetian boundaries (see www.stratigraphy.org/
gssp.htm) and, under this perspective, the field trip will deal on the main results obtained in ongoing
studies and the initiation of the discussion about the most suitable criteria. 

For a better understanding of the time interval involved, the mid-Paleocene is considered in this
and following sections as the stratigraphic interval comprising from the reversal defining the top of the
magnetochron 27n (upper Danian) to the NP6-NP7 zone boundary (Fig. 22), just a few metre upwards
from the reversal at the base of magnetochron 26n (lower? Thanetian). This interval is nicely exposed
in the cliffs along the southern half of the Itzurun beach (Fig. 23), which will be firstly observed from
the distance from the cliff top and later analysed in detail at the cliff base. The San Telmo chapel rep-
resents the best reference point for the two stops; it is a small construction overlooking the beach, than
is easy to recognise by being resting just on the cliff edge. 

4.2. Lithostratigraphy (J.I. Baceta, G. Bernaola, J. Arostegi)
The mid-Paleocene succession at the Itzurun beach is 48m thick and occurs dipping 40-60º to

the NNE. The outcrops have a similar orientation and thus offer a continuous dip section, only inter-
rupted by the presence of three fault systems (F1 to F3 on Fig. 23). These are normal faults with asso-
ciated normal and reverse faults and joints, that in the case of F2 and F3 have duplicate significant
intervals of the succession. A careful correlation of distinctive beds in the hangingwalls and footwalls
of the fault systems has allowed a detailed reconstruction of the stratigraphy of the mid-Paleocene suc-
cession and its more representative intervals (Fig. 22). 

Stratigraphically, the mid-Paleocene comprises the upper part of the Danian Limestone
(Apellaniz et al., 1983) and the lower-middle parts of the Itzurun Fm (Baceta et al., 2004). These two
intervals are respectively 16 m and 32 m thick. The two units are mainly made up of regular alterna-
tions of (hemi)pelagic indurated limestones, marlstones and marls. In the Danian Limestone the
indurated limestones are dominant, whereas in the Itzurun Fm the proportions of the three lithologies
vary considerably. Additionally, they also include minor but significant amounts of thin-bedded tur-
bidites, of siliciclastic, calcareous and mixed nature. The transition between the two formations is
marked by an abrupt lithologic change, which is interpreted as the expression of the prominent episode
of sea level fall that characterised the end of the Danian across the whole Pyrenean Domain (Baceta et
al., 2004, Baceta et al. 2005).
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Fig. 22.- Integrated lithostratigraphy and biostratigraphy of the Mid-Paleocene of the Zumaia section. Biozonations: (a) Orue-
Etxebarria et al. (this volume),  (b) Berggren et al. (1995), (c) Bernaola (2002) according to Martini (1971).



For descriptive purposes, the Danian Limestone and Itzurun Fms can be subdivided in a series
of informal members that can be easily identified in the outcrops. In the upper part of the Danian
Limestone, largely of pink-reddish colours, two members named the "crowded" and the "stratified"
intervals can be distinguished (Figs. 22 and 23). The crowded member is 7 m thick and consists of lime-
stones amalgamated or with very thin marly interbeds. The stratified member, 9 m thick, takes its name
from the good definition of the bedding and the clear contrast between limestones and intervening
marlstones, which occur forming some of the best examples of ca.100 ky eccentricity cycles identified
in the section (see Dinares-Turell et al., 2003 and descriptions below). In the upper part, 4 m below the
top of the unit, are located the "Jan Smit beds", a distinct couple of beds named in honour to Prof. J.
Smit, who was the first noting than these and other characteristic beds of the upper Danian Limestone
can be identified and correlated between Zumaia and the also well-known section of Hendaia I.  Later
works have demonstrated that the Danian Limestone can be correlated bed-by-bed across the whole
basin floor domain, including sections such as Sopelana, Trabakua, Monte Urko, Zumaia, Artadi and
Hendaia I and II (Baceta, 1996, Pujalte et al., 1998). 
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of the main lithological units/members and the three fault systems that disrupt the succession.
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The sedimentologic features of the Danian Limestone are rather constant across the section. The
limestones range in composition between 70-95% in CaCO3 and the marlstones between 40-65%, with
clay minerals as subordinate component and traces of quartz, dolomite, plagioclase and Fe oxides and
sulphides. The study of 18 samples from marly interbeds in the upper 12 m of the unit has revealed that
the clay association includes illite (40-78%), smectite (7-15%) and chlorite/smectite mixed-layer min-
erals (33-50%) and that kaolinite only occurs as a trace component in 3 samples. These results differ
significantly from those of Gawenda et al. (1999), which stressed that kaolinite occurs in proportion
between 20-30%.  In thin section, the limestone occur as burrowed micritic mudstone-wackstones with
tests of planktic foraminifers and rare calcispheres. Trace fossils are very common in both marlstones
and limestones, mainly corresponding to Planolites, “Thalassinoides” and occasional Zoophycus. The
upper part of the unit also intercalates two levels 1-3 cm thick of calcareous turbidites, largely com-
posed of tests of planktic foraminifers. Other turbidite levels within the Danian Limestone also include
significant amounts of fragments of shallow benthic biota, such as red algae, benthic foraminifers and
corals, indicating that although being located in a distal position the Zumaia section received resedi-
mented material from the shallow platform areas. 

As mentioned above, the boundary between the Danian Limestone and the Itzurun Fm is marked
by a distinct lithological change, from limestone- to marl-dominated, that creates a distinct retreat of
the cliff face. This change is associated to a progressive but rapid 30-40% decrease in CaCO3 in both
the hard (limely) and softer (marly) beds. However, it is important to note that this lithologic boundary
does not imply any important change in the clay mineral assemblages. Based on calcareous nannofos-
sil age estimations and detailed mapping, this important lithologic boundary can be correlated with the
prominent discontinuity that segments the Paleocene succession across the slope and shallow platform
domains, known as the mid-Paleocene unconformity (Baceta et al., 2001 and 2005). This discontinu-
ity developed as a consequence of a prominent sea level fall, both in time and magnitude, leading to
the subaerial exposure of the Paleocene carbonate platforms during an interval estimated in about 2.5
My (Baceta et al. 2005). According to this correlation, the rapid decline in carbonate detected at the top
of the Danian Limestone in Zumaia and other coeval section of the basin floor is interpreted as a
switch-off in the support of fine-grained carbonate sediment (micrite) from the carbonate platforms to
the open sea (Baceta et al., 2004). The biostratigraphic analysis and detailed correlation between
Zumaia and the sections of Artadi and Trabakua indicate that there is no significant stratigraphic gap
associated to the Danian Limestone-Itzurun Fm boundary and, consequently, the marked lithologic
change must be viewed as a correlative distal conformity of the mid-Paleocene unconformity. 

The 32 m thick interval of the Itzurun Fm considered here shows higher vertical variations in
both the relative proportion of (hemi)pelagic sediments and the amount of turbidite intercalations. It
comprises the lower two informal members in which can be subdivided the formation (members A and
B), of 24 m and 52 m in thickness, respectively (Fig. 22). The member A is largely dominated by marly
lithologies, whereas the member B includes significant proportions of indurated limestones. The
boundary between the two members has been established arbitrarily at the point in which limestones
beds reach and maintain values in CaCO3 higher than 60%. In contrast to the Danian Limestone, dark
to light grey colours dominate across the Itzurun Fm. However, the base of the formation is defined by
a 5.5 m thick interval of marls and marlstones of a characteristic red colour (the red marl, Figs. 22 and
23), which records a decrease in the thickness of the sedimentary couples of about 25-30%. This is
interpreted in terms of a significant drop in the sedimentation rate, linked to the prominent mid-
Paleocene drop of sea level identified across the Pyrenean Basin.
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On the great scale, the members A and B of the Itzurun Fm record a progressive increase in
CaCO3 after the abrupt decrease that labels its lower boundary, culminating in the upper part of mem-
ber B with values similar to those in the Danian Limestone. The composition of the limestones in the
Itzurun Fm is rather similar to those in the underlying Danian Limestone (micritic mudstone-wack-
stones with planktic foraminifers), but occasionally they also contain minor amounts of silt-sized
quartz and glauconite, this later as sub-mm grains and infilling the foraminiferal tests. 18 and 16 sam-
ples from the members A and B, respectively, have been analysed to determine the clay mineral asso-
ciations in the Itzurun Fm. They have reavealed that the unit records a progressive change from illite-
rich to illite/smectite-rich clays. Trace fossils are also common, but in this case the association is dom-
inated by Zoophycus. Moreover, the Itzurun Fm differs from the Danian counterpart in the amount and
type of turbidite intercalations. In the marly member A they mostly are of siliciclastic nature, whereas
in the member B, which shows a higher number, they are usually of siliciclastic or mixed carbonatic-
siliciclastic nature. The carbonate grains mainly correspond to abraded tests of planktic foraminifers.
The presence of fragments of red algae and large benthic foraminifers (nummulitids and orthophrag-
minids) in several turbidites of the middle-upper part of the member B evidences that by this time the
platform areas were again submerged and were able to produce and export resedimented material to the
basin. 

A few meter above the limit between the members A and B of the Itzurun Fm, a prominent re-
entrant can be recognised in the cliffted outcrops. Its corresponds to a 1 m thick interval recording a
drastic decrease in CaCO3, relatively high values in magnetic susceptivility that is interpreted as the
expression of the mid-Paleocene biotic event (MBPE, see Figs. 22 and 23 and description below). 

4.2. Magneto- and cyclostratigraphy of the Mid-Paleocene interval (J. Dinarès-Turell, J.I. Baceta, V.
Pujalte)

In order to locate chron C26n along the mid-Paleocene succession a total of 101 samples from
different stratigraphic levels were sampled using a gasoline-powered drill or as oriented hand-samples.
This study extends upwards the integrated magnetostratigraphy presented by Dinarès-Turell et al.
(2003) and represents the completion of the entire Paleocene Epoch interval, for which now all mag-
netic reversals are documented at a bed level, jointly with the uppermost Paleocene magnetostratigra-
phy from Dinarès-Turell et al. (2002) (see also chapters 3.2 and  5.3 in this guide). In order to increase
the reliability of chron C26n position and its cycle duration along the magnetically weak (see below)
mid-Paleocene interval, an additional section (Ibaeta) was also studied (23 sample levels). Natural
remanent magnetization (NRM) and remanence through all demagnetization stages were measured
using a 2G-Enterprises high-resolution (45 mm diameter) pass-through cryogenic magnetometer
equipped with DC-squids and operating in a shielded room at the Istituto Nazionale di Geofisica e
Vulcanologia in Rome, Italy.

In general, the intensity of the NRM was relatively low, around 4 x 10-4 A/m although it was
lower for some of the carbonate-rich beds. Two magnetisation components can be recognized in most
samples upon demagnetisation, in addition to a viscous magnetisation removed below 5 mT or 100º-
150°C. Magnetic behaviour upon demagnetization was similar to the one documented for the upper-
most Paleocene samples (Dinarès-Turell et al., 2002). Component H conforms the ChRM and has
either normal or reverse polarity in bedding-corrected coordinates (Fig. 24). Before bedding-correction,
component H has a steep inclination not compatible with a Paleocene to recent geomagnetic field direc-
tion, whereas the mean ChRM inclination after bedding correction is near the expected Paleocene incli-
nation for the site paleolatitude. The VGP latitude together with the lithologic log for both the Zumaia
and Ibaeta sections is shown in Fig. 24.
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The identification of the (~110 kyr) eccentricity related bundles (E-cycles) for the mid-Paleocene
interval is shown in Fig. 24. Numbering of the E-cycles follows that of the underlying strata as report-
ed in Dinarès-Turell et al. (2003) and in Fig. 20 in this guide. A calcium carbonate and low-field mag-
netic susceptibility proxy records along the mid-Paleocene interval is currently under evaluation in
order to substantiate the cyclostratigraphic stacking pattern and long term quasi-periodic cycles with
available orbital target solutions before attempting any tuning. However, a cycle duration of chron C26r
and C26n and relative positioning of the Mid-Paleocene Biotic Event (MPBE) and biostratigraphic
events (see below) can be established. Cycle counting for chron C26r tentatively provides about 31
eccentricyty ~110 kyr E-cycles or about 137 precession (~21 kyr) cycles. Chron C26n contains 11-12
precession cycles and the MPBE is located ~8 precession cycles below the base of chron C26n in cor-
respondence to an eccentricity maxima if the phasing between the lithologic cycles and the orbital
parameters hypothesized in Dinarès-Turell et al. (2003) for the lower Paleocene is correct.

4.3. Calcareous nannofossils assemblages across the Mid-Paleocene (G. Bernaola, Y. Nuño-Arana)
The calcareous nannofossil assemblages recorded in the mid-Paleocene of Zumaia section are

well preserved, quantitatively rich and very diverse (Bernaola, 2002). Throughout the last 15 m of the
Danian Limestone the assemblage is dominated by C. pelagicus, Pr. martini and Br. bigelowi that
together with Sph. primus, Ericsonia spp., Pr. bisulcus and Tw. pertusus are the mayor components of
the assemblage. In the uppermost Danian the calcareous nannofossil diversity is relatively high (S-H
2,1 and 26-31 species per sample), especially if we compare it with that registered in the lower Danian
(Bernaola, 2002). Althought the calcareous nannofossil assemblage do not show significant changes
during the upper Danian, few meters below the lithological change from the Danian Limestone to the
overlying red marls of the Itzurun Fm a relative abundance decrease of Br. bigelowi and Sph. primus
and a  relative  abundance increase of Tw. pertusus is registered. In the upper 15 m of the Danian
Limestone we have recorded the FOs of Sphenolithus primus, Ch. bidens, and the first specimens of
the genus Fasciculithus (Fig. 25).

Nch. perfectus first occur in the last marly interval of the Danian Limestone. This finding could
be important in the location of the Danian/Selandian boundary at Zumaia section as the FO of this taxon
in Zumaia concurs with it first appearance in the uppermost part of Danian limestones in Denmark
(Thomsen (1994). However, the most important calcareous nannofosil assemblage turnover across the
mid-Paleocene at Zumaia occurs in connection with the lithological change from the Danian Limestone
to the overlying Itzurun Fm. At this lithological change,  we observe a significant increase in the total
abundance of calcareous nannofossils and, also, an abrupt decrease in the relative and total abundance
of Br. bigelowi, that changes from being abundant in the uppermost Danian Limestone (from 8 to 22%)
to be very rare in the Itzurun Fm (Fig. 25). In connection with these assemblage changes, we also note
the diversification of the genera Fasciculithus (FOs of F. bitectus, F. janni and F. ulii) (Fig. 25).

In the red marl, the calcareous nannofossil assemblage is dominated by the same species that pre-
vail in the Danian Limestone, with the exception of Br bigelowi. In this interval, besides the FOs of the
abovementioned fasciculiths, we also observe the FOs of Ch. consuetus, F. billi and F. tympaniformis.
The presence of F. bitectus F. janni and F. ulli is restricted to the red marl interval. 

Close to the boundary between the red marl and the overlying grey marly beds, we observe a
slight total abundace decrease in calcareous nannofossil but no other significant change, with the
exception of the FOs of F. pileatus and Tw. tovae.

The calcareous nannofossil assemblage across the grey marlstones of the member A of the
Itzurun Fm is similar to that found in the underlying red marl and is mainly dominated by C. pelagi-
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Fig. 25.- Main calcareous nannofossil bioevent across the mid-Paleocene interval in the Zumaia section. CO = common occur-
rence, RO = rare occurrence.



cus,  Pr. martini, Pr. bisulcus and Tw. pertusus. The most important change in calcareus nannofossil
assemblages across the A and B members of the Itzurun Fm is the occurrence and diversification of the
genus Heliolithus and the first occurrence of the specimens of  the genus Discoaster, one of the most
important calcareous nannofossil group throughout the whole Paleogene. Across the upper A and the B
members of the Itzurun Fm we also record the FOs of C. nitiscens, Z. branlettei, Tw. eminens, B. ele-
gans, H. cantabriae, S. anharropus, H. kleinpelli, B. conicus and D. bramlettei, among others (Fig. 25).

4.4. New planktic foraminifera biozonation from the Mid-Paleocene (X. Orue-Etxebarria, F.
Caballero, E. Apellaniz)

The high planktic foraminifera total abundance and species richness found in all the samples
from the mid-Paleocene as well as the thickness of the Paleocene in the Zumaia section, have allowed
the establishment of a new planktic foraminiferal biozonation. We have differentiated 5 biozones based
on the first occurrence biohorizons (FOs) of selected species in the studied succession (Fig. 22).

Morozovella angulata Interval Zone (= lower part of P3a of Berggren et al., 1995 and of
Berggren & Pearson, 2005).

Definition: Biostratigraphic interval between the LO of Morozovella angulata and the LO of
Igorina pusilla.

Remarks: In the studied section only the final part of this biozone is represented, and includes
the lower 3 m of the succession. The most characteristic species of the assemblage are M. angulata, M.
conicotruncata, Subbotina triloculinoides, Parasubbotina varianta and Globanomalina ehrenbergi
among others.

Igorina pusilla Interval Zone (emended herein; =middle part of P3a of Berggren et al., 1995
and of Berggren & Pearson, 2005).

Definition: Biostratigraphic interval between the LO of Igorina pusilla and the LO of
Morozovella occlusa.

Remarks: This biozone is 10 m thick and has a planktic foraminifera assemblage similar to the
previous biozone, also including S. linaperta, S. velascoensis, different igorinids and the first speci-
mens of the genus Acarinina.

Morozovella occlusa Interval Zone (herein defined; =upper part of P3a of Berggren et al., 1995
and of Berggren & Pearson, 2005).

Definition: Biostratigraphic interval between the LO of Morozovella occlusa (= M. crosswick-
sensis) and the LO of Igorina albeari.

Remarks: We use the FO of  M. occlusa to mark the base of this 11 m thick biozone because this
taxon is the most abundant of the velascoensis group in all the samples of the Middle and Upper
Paleocene. M. velascoensis first occurs together with M. occlusa.

Igorina albeari Interval Zone (= P3b of Berggren et al., 1995 and P3b and P4a of Berggren &
Pearson, 2005).

Definition: Biostratigraphic interval between the LO of Igorina albeari and the LO of
Globanomalina pseudomenardii.

Remarks:  The first specimen of I. albeari, which mark the base of this biozone, appear 10 m
above the lithological change from the Danian Limestone to the overlying red marls of the Itzurun Fm.
I. albeari includes those forms with a biconvex trochospiral growth, more than 7 chambers in the last
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whorl  with a peripherial margen with muricocarina in the last chambers and a high spiral side in the
central part. This biozone is 7 m thick.

Globanomalina pseudomenardii Interval Zone (= lower part of P4a of Berggren et al., 1995
and of P4b of Berggren & Pearson, 2005).

Definition: Biostratigraphic interval between the LO of Globanomalina pseudomenardii and the
LO of Acarinina soldadoensis.

Remaks: The upper part of the studied section belongs to the Gl. pseudomenardii biozone, whose
base has been defined by the first occurrence of this taxon. Gl. pseudomenardii is very rare in the first
samples of the biozone and the first specimens are relatively small and have an indistinct muricocarina.

In general, the planktic foraminifera total abundance and species richness, particularly those of
morozovellids and igorinids, increase progressively from the upper part of the Danian Limestone to the
top of the studied succession, in agreement with the ideas of Norris (1997) and Olsson et al. (1999). At
the beginning of the Gl. pseudomenardii biozone there is a new increase in the planktic foraminifer
diversity, especially in acarininids and globanomalinids.

On the other hand, the ratio of planktic foraminifera to the total foraminifera content increases
from 0.8 in the lower part of the succession to 0.9 in the Gl. pseudomenardii biozone. Regarding to the
Danian Limestone and the overlying red marl transition we do not find any important change in the
number of first and last appearances of planktic foraminifer species. 

4.5. Benthic foraminifera from the Danian-Selandian transition (S. Ortiz)
Benthic foraminifera from the Danian-Selandian transition in the >100 mm size fraction are

better preserved in the Selandian marls (Morozovella crosswicksensis Zone of Arenillas 1996), where
the benthic foraminiferal assemblages are also more diverse and heterogeneous. Deep-bathyal taxa,
such as Bulimina trinitatensis, Cibicidoides hyphalus, Cibicidoides velascoensis, Gyroidinoides globo-
sus, Stensioeina beccariiformis, Pullenia coryelli, Nuttallides truempyi, Clavulinoides amorpha,
Clavulinoides trilatera, and Gaudryina pyramidata, are abundant, most of them typical from the
Velasco-type fauna (van Morkhoven et al., 1986) (Fig. 26). Taxa typical from sublitoral settings are
also common (e.g., Angulogavelinella avnimelechi, Osangularia plummerae). Flysch-type agglutinat-
ed foraminifera, such as Hyperammina dilatata and Rhabdammina spp., and calcareous-cemented
foraminifera (e.g., Clavulinoides spp.), are both common. Agglutinated assemblages are typical of the
“low to mid-latitude slope” DWAF (Deep Water Agglutinated Foraminifera) of Kuhnt et al. (1989).
These assemblages suggest deposition at the middle-lower part of the slope. 

Calcareous taxa are common, especially at the Selandian (up to 80%), which mainly consist of
planoconvex trochospiral morphotypes (e.g., Nuttallides truempyi, Angulogavelinella avnimelechi),
biconvex trochospiral (e.g., Stensioeina beccariiformis, Osangularia plummerae), and cylindrical
tapered morphotypes (e.g., Bulimina spp.). Agglutinated taxa are more abundant at the Danian (up to
95%), which mainly consist of cylindrical tapered morphotypes (e.g., Clavulinoides trilatera,
Clavulinoides amorpha, Marssonella spp., Karrerulina horrida) and rounded trochospiral/streptospiral
morphotypes (e.g,  Cribrostomoides trinitatensis, Recurvoides spp.).

Epifaunal and infaunal morphogroups show constant values close to 50% throughout the sec-
tion, suggesting intermediate trophic levels and well-oxygenated waters at the seafloor. A transition
from oxic to suboxic conditions at the seafloor has been recorded in several shallow-sea settings world-
wide. Further studies are needed to corroborate whether these paleoenvironmental changes are global
at different paleodepth settings. 
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4.6. Benthic foraminifera from the Selandian/Thanetian transition at Zumaia (L. Alegret, M.
Martín-Rubio)

Samples from the Selandian-Thanetian transition at Zumaia contain well-preserved benthic
foraminifera in the >63mm size fraction. Benthic assemblages are highly diverse and heterogeneous
through the studied interval. They contain abundant representatives of the bathyal to abyssal Velasco-
type fauna, as well as species that are common at bathyal settings. Nevertheless, the presence of species
that are common a shallower depths (e.g., Angulogavelinella avnimelechi) suggests deposition in the
middle part of the slope (Fig. 27). 

Assemblages contain 50-60% of calcareous taxa, which mainly consist of elongated tapered
morphotypes (e.g., laevidentalinids, Pleurostomella spp., Pyramidina rudita), planoconvex trochospi-
ral (e.g., Angulogavelinella avnimelechi, Cibicidoides hyphalus, C. howelli, C. proprius, Gyroidinoides
beisseli, Nuttallides truempyi, Nuttallinella florealis), and biconvex trochospiral morphotypes (e.g.,
Anomalinoides spp., Cibicidoides pseudoperlucidus, Osangularia spp., or Stensioeina beccariiformis). 

Agglutinated assemblages are typical of the “low to mid-latitude slope” DWAF (Deep Water
Agglutinated Foraminifera) biofacies of Kuhnt et al. (1989), and they are mainly dominated by flat-
tened trochospiral (trochamminids), streptospiral (Recurvoides spp.) and rounded planispiral forms
(Haplophragmoides walteri, Haplophragmoides spp.). Cylindrical tapered (Clavulinoides, Dorothia,
Marssonella), elongate tapered (Karrerulina, Reophax, Subreophax), tubular or branching
(Bathysiphon, Hyperammina, Rhizammina) and flattened planispiral and streptospiral forms
(Ammodiscus, Glomospira, Repmanina) are also common to abundant. Agglutinated assemblages
mainly consist of morphogroups with an inferred active deposit feeding habit, with a small percentage
of suspension feeders (Kaminski and Gradstein, 2005).

Both agglutinated and calcareous assemblages consist of mixed infaunal and epifaunal mor-
phogroups, suggesting that mesotrophic conditions occurred at the seafloor during most of the studied
interval. Nevertheless, changes in the relative abundance of various benthic foraminiferal species and
morphogroups in a short interval in coincidence with the Selandian/Thanetian transition, where a dra-
matic decrease in the planktic/benthic ratio is observed, suggest a major disruption in the paleoenviron-
mental conditions at the seafloor at that time. The question remains whether changes in composition of
benthic foraminiferal assemblages (and the related paleoenvironmental inferences) can be linked to
major changes occurred not only in planktic groups in this area, but also to the environmental changes
inferred from deep-sea cores worldwide.

4.7. The Mid-Paleocene Biotic Event (MPBE) (G. Bernaola, J.I. Baceta, X. Orue-Etxebarria, L.
Alegret, M. Martín-Rubio, J. Arostegi, J. Dinarès-Turell)

Recent studies of deep-sea sections at Central Pacific (Shatsky Rise) and South Atlantic (Walvis
Ridge) oceans have confirmed the existence of several dissolution levels interspersed in the carbonate
sediments of the late Paleocene-early Eocene (Eocene Layer of Mysterious Origin, ELMO; X-event
layer; Mid-Paleocene Biotic Event layer). Similarly to the Paleocene-Eocene Thermal Maximum
(PETM) interval, these levels are characterized by the presence of a clay-rich layer, associated with an
abrupt drop in carbonate content, and a pronounced peak in magnetic susceptibility (MS) that reflects
an increase in clay content. All these dissolution intervals have been interpreted as the sedimentary
response to abrupt climatic changes; in fact, the few micropaleontologic and geochemical analyses car-
ried out hitherto suggest that they represent short lived events of considerable evolutionary significance
probably related to hyperthermal events.
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Developing studies in the mid-Paleocene succession of Zumaia (Western Pyrenees) have
revealed the presence of a 1 m thick clay-rich interval characterized by a drop in carbonate content, a
peak in MS and important calcareous nannofossil and foraminifer assemblage changes. This interval is
located 4 m above the FO of Heliolithus kleinpelli, the marker of the base of Zone NP6, 2 meters below
the C25r/C26n reversal and within thelower part of the Zone P4 of planktic foraminifers. According to
this data, it might be equivalent to the Mid-Paleocene Biotic Event found at Shatsky Rise and Walvis
Ridge.

The micropaleontologic analyses show an important drop in the planktic/benthic ratio in connec-
tion with the clay-rich interval, from 90% to less than 10%. During the event, planktic foraminifers
form a low diversity assemblage dominated by subbotinids. Benthic foraminifer assemblages are char-
acterized by a maximum in the percentage of agglutinated taxa, an increase in the percentage of cal-
careous taxa Nuttalides truempyi and Stensioeina beccariformis and a decrease of agglutinated suspen-
sion feeders and calcareous infaunal groups. Finally, calcareous nannofossils show important assem-
blage changes in connection with the clay-rich interval, mainly defined by a sharp increase of C. pelag-
icus, Ericsonia spp. and Heliolithus spp. and a decrease of Tw. pertusus and Prinsius spp.

According to preliminary cyclostratigraphic data, this event (MPBE) is located ~8 precession
cycles below the base of chron C26n in correspondence to an eccentricity maxima.

4.8. Looking for a suitable criterion to define the Danian/Selandian & Selandian/Thanetian bound-
aries (G. Bernaola, X. Orue-Etxebarria, V. Pujalte, J.I. Baceta)

During the nineteenth and early twentieth centuries many different Paleogene stages were
defined. The most well-known Paleocene historical stages, e.g., the Danian, Montian, Heersian,
Sparnacian, Thanetian, Landenian, and Selandian, have their type areas in northwestern Europe where
they were mostly defined at unconformities corresponding to sequence boundaries. At a meeting in
Washington, D.C., 1989 it was voted and agreed on by the International Subcommission on Paleogene
Stratigraphy (ISPS) that the Paleocene shall be divided into three stages: the Danian, Selandian, and
Thanetian (Jenkins & Luterbacher 1992). In fact, twentieth century research has shown that the Danian,
Selandian, and Thanetian together represent most of Paleocene time.

Later, in the symposium on “Stratigraphy of the Paleocene” held in Göteborg (Sweden) on 1993,
the principies for dividing the Paleocene into stages were discussed  and it was formally decided a
three-fold división of the Epoch.

When selecting GSSP's it is important to consider the potential utility of the new global stage
concepts, however, historical tradition should be respected. The respective time-rock extents of the new
Selandian and Thanetian GSP-delimited stages should, ideally, reflect global change, but also roughly
coincide with the stratigraphic extents of the respective historical, regional stages (Knox, 1994).

In the type region, Denmark, the base of the Selandian is marked  by an unconformity between
the limestones of the Danskekalk Fm and the greensands and marls of the Lellinge Fm (Thomsen and
Heilmann-Clausen, 1985). The limestone/chalk deposition had prevailed throughtout the entire
Maastrichtian and Danian. After the Da/Se transition, grey marls and clays dominated sedimentation
for several million years. In terms of calcareous nannofossil zonations, the basal Selandian in Denmark
falls in the upper part of Zone NP4 or to the lower part of Zone NP5 (Thomsen, 1994).

Prestwich (1850-54) introduced the term “Thanet Sands” to describe the succession of fine,
locally glauconitic and argillaceous sandstones and sandy clays wich overlie the Upper Cretaceous
chalk in the Isle of Thanet and adjcent districts in southern England. In its original type area, the uncon-
formity related base of the Thanetian has been dated with the upper part of the nannofossil zone NP6
(Aubry, 1994; Knox, 1994).
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All the events traditionally used to place the Danian/Selandian (i.e., the top of chron C27N, FO
of M. angulata and I. albeari planktic foraminifera, The FO of F. tympaniformis) and
Selandian/Thanetian (i.e., the base of chron C26N) boundaries can be identified in the Zumaia section
(Figs. 28 and 29). The study of the mid-Paleocene of the Zumaia section has revealed that all these
events occur forming a distinct sequence. Before selecting a section to place the Danian/Selandian and
Selandian/Thanetian boundary stratotypes, the criterion to identify these boundaries should be precise-
ly defined. A first step should be the description of the succession of the events that characterizes both
boundary intervals. In this work the succession of events that characterised the Danian/Selandian
boundary has been informally considered as extending from the base of Chron C27n to the FO of I.
albeari (Fig. 28). On the other hand, the succession of events that characterised the
Selandian/Thanetian boundary has been informally considered as extending from the FO of Gl.
pseudomenardii to the FO of D. mohleri (Fig. 29).

Evaluating the pros and cons, and the usefulness of each of the events identified at Zumaia is
beyond the scope of this fieltrip guidebook, as this decision is in the domain of the International
Subcommission on Paleogene Stratigraphy (ISPS). Consequently, only the relative position of the dif-
ferent events suitable to be selected as "official" markers of the Da/Se and Se/Th boundaries, and their
correlation with other zonal scales, are highlighted in figures 28 and 29.

For the Danian/Selandian boundary, the Zumaia section provides 9 different events as suitable
criteria, from older to younger: a) FO of  I. pusilla and/or S. primus, b) top of chron C27n, c) FO of M.
occlusa, d) FO of Nch. perfectus, e) mid-Palecocene sea level fall with the associated paraconformity
in deep-basin areas and the mid-Paleocene unconformity (MPU) in near shore areas, f) diversification
of fasciculiths, g) FO of F. tympaniformis, h) δ13C relative minimum and i) FO of I. albeari (Fig, 28).
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As is shown in figure 28, six of the nine events are located within an interval of 5 meters encom-
passing  the uppermost Danian Limestone and the lowermost Itzurun Fm. At Zumaia the FO of M.
angulata, usually used to define the base of  the Selandian stage, is found 8 m below the top of chron
C27n.

For the Selandian/Thanetian boundary, the Zumaia section provides 6 different events as suitable
criteria, from older to younger: a) FO of P. pseudomenardii, b) FO of H. kleinpelli, c) The MPBE, d)
base of chron C26n, e) top of chron C26n and FO of D. mohleri (Fig. 29).

As is shown in figure 29, the six events are located within an interval of 17,5 meters encompass-
ing the uppermost A and the lowermost B memberf of the Itzurun Fm.

The Zumaia section satisfies most of the infrastructural, biostratigraphic and geological require-
ments listed by the International Commission on Stratigraphy (ICS) (Remane et al., 1996), as demon-
strated above (see section 1.2 of this guide). In particular, the great sedimentary thickness and expand-
ed charactyer of the  section, have allowed the accurate location of successive biostratigraphic and
magnetostratigraphic events  and their chronological succession can be easily established. 
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5 THE PALEOCENE/EOCENE BOUNDARY INTERVAL

5.1. An overview (G. Bernaola, X. Orue-Etxebarria)
The P/E boundary transition, characterized by a prominent negative excursion of  δ13C values

(CIE) in both marine and continental records (Stott et al., 1990; Kennet & Stott, 1991; Koch et al.,
1992; 1995; Bralower et al., 1995; Thomas & Shakleton, 1996; Beerling & Jolley, 1998), has focused
the interest of the scientific community in the last two decades. This interval is known as the PETM
(Paleocene/Eocene Thermal Maximum) and is one of the most abrupt and transient extreme climate
global events documented in the ancient geologic record. According to recent works the PETM only
lasted for ~220 k.y. (Röhl, 2000, Agnini et al., 2005), and is characterized by extremely warm climat-
ic conditions, drastic changes in the global carbon budget, modifications in oceanic circulation and
chemistry (possible change in the thermocline and circulation in the oceans) and reorganization of
ecosystems. In fact, this event had an important biotic impact on both land and marine organisms,
affecting groups as diverse as land mammals (e.g. Wood et al., 1941; Clyde & Gingerich, 1998), deep-
water benthic foraminifers, (Thomas, 1990; 1998; Thomas & Shackleton, 1996; Speijer et al., 1996),
benthic communities of middle and outer neritic marine settings, (Speijer 1994; Speijer et al., 1996;
Speijer and Schmitz, 2000), and shallow marine larger foraminifera fauna (Orue-Etxebarria et al.,
2001; Pujalte et al., 2003).

The PETM also affected the photic zone, where various groups of planktic marine organisms suf-
fered considerable turnovers. Dinoflagellates showed a global dispersion and an abundance increase of
the representatives of genus Apectodinium in coastal environments (Crouch, et al., 2001), planktic
foraminifera experienced a radiation of shallow-dwelling tropical taxa (Kelly et al., 1996; 1998; 2005;
Berggren & Ouda, 2003) and the calcareous nannoplankton communities underwent an important
assemblage turnover that lasted for the duration of the event (Aubry, 2001; Bralower, 2002; Kahn &
Aubry, 2004; Orue-Etxebarria et al., 2004).

Studies conducted in the last decade have revealed the Pyrenean area as a key region to under-
stand the P/E boundary events. Besides its strategic paleogeographical position, approximately 35ºN in
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Fig. 30.-  a) Outcrop photograph of the P/E boundary interval at Zumaia showing the Siliciclastic Unit (SU). (b) Detailed view
of the P/E boundary.
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the net evaporation zone and between the classic stratotypic sections of the NW Europe and the newly
proposed GSSP in Egypt, the Pyrenean area has numerous outcropped successions, usually expanded
and of good quality of exposure, that represent a wide range of settings, from continental to deep
marine. A high-resolution correlation between continental, shelfal and bathyal marine successions by
means of the CIE has proved that a major turnover of larger foraminifers occurred during the PETM.
This fact demonstrates that the impact of the PETM upon the evolution of benthic fauna was grater than
previously thought.

5.2. The Paleocene/Eocene boundary at Zumaia section (J.I. Baceta, V. Pujalte, G. Bernaola)
The Zumaia section is one of the most expanded  and biostratigrafically complete P/E sections

with deep water marine deposits so far reported. 
The outcrop of the P/E boundary interval (P/E BI) is located partly at the Itzurun beach and partly

along the NE side of the footpath from the village of Zumaia to the beach (latitude/longitude
42º18.00’N/2º15.30’W) (Fig. 30). In fact the footpath splits the outcrop in two segments, referred to below
as the southern and northern ones (Fig. 31). The lower part of the P/E BI occurs in the northern segment.
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Fig. 31.- a) Field-sketch of the outcrop, in the cliffs of the Itzurun beach, Zumaia section. The limestones in the righ hand
(SW) side of the outcrop are of Danian age, while the turbiditic succession in the left hand (NE) side correspond to the early
Eocene. b) Field sketch of the northern segment of the P/E boundary interval. c) Field sketch of the southern segment of the
P/E boundary interval.
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The existence of several small faults or «tectonic disturbance zones» has been quoted in most
published descriptions of the Zumaia section (e.g., Hillebrandt, 1965; Gawenda et al., 1999). However,
only Baceta et al. (2000) made an specific mention about how these faults omit or repeat parts of the
stratigraphic succession. 

The main tectonic disturbance in this outcrop is the fault labeled F4, which is accompanied by a
swarm of smaller, satellite faults. Clearly, the main effect of fault F4 has been the duplication of the
interval comprised between reference beds F and K (Fig. 31c). Our data show that this duplication
would not be detected by biostratigraphic methods, as the whole duplicated interval is situated within
the same planktic foraminiferal and calcareous nannofossil biozones. Nevertheless, failure to recognize
the tectonic duplication would result in an overestimated stratigraphic thickness. It is also relevant to
mention that the lower half of this outcrop is not longer visible due to the construction of a concrete
staircase descending to the beach. Therefore, the duplication illustrated in figure 31 is even more dif-
ficult to appreciate nowdays than it was 12 years ago.

The northern outcrop is affected by three additional faults (F5, F6 and F7 in 31b). The attitudes
and the effects of faults F5 and F6 are similar to that of fault F4, having both produced duplications of
parts of the succession (Fig. 31).

Fault F4 is different from faults F4, F5 and F6, and no match can be attained between the strati-
graphic successions separated by fault F7 (Fig. 31b). Such a mismatch is clear proof that fault F7 omits
an interval of the stratigraphic succession. The extent of this missing interval is thought to be compar-
atively small.

Thus, it can be affirmed that most faults segmenting the P/E BI of the Zumaia section just repeat
parts of the succession, the only exception being the minor omission of fault F7. Properly dealt with,
the disruption of these fauts can be removed, and the original stratigraphic succession can be success-
fully reconstructed. To facilitate the identification of the different intervals of the succession, we have
cross-referenced the litholog and the outcrop section (letters D to T in figures 31 and 35).

Following the usage of some previous authors, we have placed the zero level of our litholog at
the horizon in which Schmitz et al. (1997) found the onset of the negative Carbon Isotopic Excursion
(CIE). The deposits below and above our zero level belong respectively to the Paleocene and to the
Eocene (Fig. 32).

The bulk of the P/E boundary interval is represented by rhythmic alternations of hemipelagic
limestones and marlstones, plus numerous intercalations of thin-bedded turbidites (mostly 1-4 cm
thick, but some 10 cm thick, Baceta et al., 2000). The uppermost part of the Paleocene is represented
by a 0.8 m thick unit (Unit III) mostly composed by hemipelagic limestones that include a 4 cm thick
turbiditic level. This unit, that in fresh cuts presents a greenish color due to the high glauconite content,
is a widespread marker bed observed in several other sections of the Basque Basin and used in region-
al correlations (Baceta, 1996; Pujalte et al., 1998; Smichtz et al., 2000). The green limestone is capped
by a 35-40 cm thick marlstone bed (Unit IV), the base of which contains the onset of the CIE and the
top the begining of the Benthic Foraminiferal Extinction Event (BEE) (Schmitz et al., 1997). The marls
have a greenish brown appearance, quite different from the grey marls below (Units I and II).

Above the 40 cm thick marlstone of the lowermost Eocene (Unit IV), there is a 4 m thick inter-
val (Unit V) composed almost exclusively of claystones and silty claystones called “Siliciclastic Unit”
(SU). The transition from marl to clay is gradual over about 5-10 cm. The lower 1.3 meters of the SU
are almost devoid of carbonate microfossils. In the upper 2.7 meters of the SU the carbonate content
increases slightly but relatively low values persist (Schmitz et al., 1997).
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Above the SU, and after a rapid and progressive transition, the succession is composed again by
rhythmic alternations of hemipelagic limestones and marlstones plus some intercalations of thin-bedded
turbidites (Unit VI), particularly from meter 10 onward (Unit VII).

The CaCO3 δ13C and δ18O measurements across the P/E BI at Zumaia section were carried out by
Schmitz et al. (1997) (Fig. 33).
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Fig. 32.- Lithostratigraphic column and magnetostratigraphy of the Zumaia Paleocene/
Eocene transition. The position of calcareous nannofossil and planktic foraminifer
samples are shown separately.



According to these authors, calcite concentrations lie typically at 75-80% in the limestones and

40-50% in the marls (Units I, II and III). In the marls between +0.30 and 0.35 m (unit IV) calcite falls

to 25% (Fig. 33). At +0.35-0.40 m calcite drops to 5%. In the lower 1 m of the clay interval calcite con-

centrations lie typically in the range 0-5%. In the upper 3 m there are many horizons with 10-20% cal-

cite (Fig. 33). Examination of sieving residues (>63 µm) from the clay interval reveals common diage-

netic calcite.

The δ13C record shows a relatively stable pattern throughout the 11 m interval below the zero

level (units I, II and III), with most values in the range 1-1.7‰. From the topmost few centimetres of

the limestone and across the 30-40 cm of marls immediately below the benthic extinction event (unit

IV), δ13C shows a negative shift on the order of 1.4 -1.8‰ (Fig. 33). From values around 1.2‰ in the

uppermost few centimetres of the limestone, δ13C falls to values in the range -0.2‰ to -0.6‰, in the

marl interval between +0.30 and 0.35 m. In the poorly calcareous parts of the overlying clay interval

δ13C values continue to fall (except for the +0.35 0.40 m sample), reaching extremely negative values

of -3.9‰ to -4.5‰ at some levels in the interval 2-3.3 m above the zero level (Fig. 33). In the marls

above the dissolution clay δ13C returns gradually to more positive values and thereafter, throughout the

overlying 8 m of marl limestone, fluctuates around 1‰, (Fig. 33).

The δ18O values are relatively stable throughout the marl and limestone parts of the section, with

most values in the range -3.5‰ to -4‰ (Fig. 33). In the clay interval, however, δ18O shows widely scat-

tered distribution, ranging between -2.6‰ and -6.6‰. The wide scatter indicates that diagenesis may

have severely affected the original isotopic signals in this part of the section.

In a 1 cm thick layer between units III and IV Schmitz et al. (1997) found a small Ir anomaly.

The higest Ir concentration measured in the layer was 157 ppt, compared to an average value of 51 ppt,

for the rest of the section.
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Fig. 33.- CaCO3, δ13C and δ18O profiles across the P/E boundary interval at the Zumaia section (from Schmitz et al., 1997)



5.3. Magnetostratigraphy of the P/E boundary interval (J. Dinarès-Turell, J.I. Baceta, V. Pujalte)
In order to define chron C25n along the late Paleocene and earliest Eocene time interval sixty-seven

stratigraphic levels were sampled along 57 m of stratigraphic succession. Samples were mostly taken from
the indurated limestone beds. Natural remanent magnetisation (NRM) and remanence through all demag-
netisation stages were measured using a 2G-Enterprises high-resolution (45 mm diameter) pass-through
cryogenic magnetometer equipped with DC-squids and operating in a shielded room at the Istituto
Nazionale di Geofisica e Vulcanologia in Rome, Italy.

The intensity of the NRM was moderate to weak, generally between 1x10-4 A/m and 5x10-5 A/m.
Two magnetisation components can be recognized in most samples upon demagnetisation, in addition to
a viscous magnetisation removed below 5 mT or 100º-150°C. A low coercivity and low temperature com-
ponent (L) is unblocked between 5 mT and 20-30mT (or 150°C and 300°C), and a high coercivity and tem-

The Paleocene and lower Eocene of the Zumaia section
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Fig. 34.- Outcrop photograph of the P/E boundary interval at Zumaia (a). The base of the Carbon Isotope
Excursion (CIE) marking the P/E boundary is shown. The cyclic interval above the siliciclastic unit into the
Eocene (b) shows clear bundling of 5-6 basic marl-limestone couplets indicating that correspond to preces-
sion (~21 kyr) and eccentricity (~110 kyr) cycles respectively. See lithologic column in Fig. 2 for exact loca-
tion of the labelled reference beds.
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perature component (H) is unblocked above 20-30 mT (or above 300°C) until fields around 100 mT (or
about 550°C). The data is therefore compatible with magnetite as the main carrier of the remanence.
Component L has a northerly declination and moderate to steep downward inclination (~60°) before
rotation of bedding to the horizontal, and thus corresponds to the geocentric axial dipole direction for
the site latitude. Consequently, component L is interpreted as a recent overprint. Component H trends
toward the origin of the demagnetisation diagram and presents both normal and reverse polarities. No
fold test is available due to similar bedding dip throughout the section (dip angle/dip direction,
64°/032°). Nevertheless, the following observations provide supporting evidence that the calculated
ChRM directions are primary in age: (1) the presence of both normal and reverse ChRM directions, (2)
the presence of a low coercivity/temperature present day field overprint in addition to the ChRM mag-
netization, (3) the mean inclination after bedding correction is near the expected Palaeocene inclination
for the site location, (4) mean ChRM directions before bedding correction are not compatible with
Palaeocene to recent geomagnetic field direction. 

The declination, inclination and VGP latitude together with relevant biostratigraphic and litho-
logic information for the studied interval is shown in Fig. 35. Chron C25n has been delimited between
-25.2 m to about -35.0 m although the C25n lower boundary reversal could be located to a slightly
lower position (-37.7 m) if a NRM delay acquisition process is advocated (see Dinarès-Turell et al.,
2002 for further details).
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5.4. Cyclostratigraphy of the P/E boundary interval (J. Dinarès-Turell, J.I. Baceta, V. Pujalte)
Cyclostratigraphy has proved to be a valuable metronome to parse time in the geologic record

and has recently been applied to the P/E transition interval from Ocean Drilling Program (ODP) Sites
1051 and 690 (Norris and Röhl, 1999, Röhl et al., 2000, Cramer, 2001) and in the Forada section
(Agnini et al. 2005). The polarity record of ODP Hole 690B is hampered by a strong drilling-induced
overprint (Ali et al., 2000). However, apparent good magnetostratigraphic results from the upper part
of chron C25r up to the lowermost Eocene chron C24r for ODP Site 1051 has enabled to propose a cli-
matic orbital origin for the cycles observed in colour reflectance, magnetic susceptibility and Fe inten-
sity counts (Norris and Röhl, 1999). They estimate a duration of 481 ky to 523 ky for polarity chron
C25n, which is consistent with the 487 ky duration determined by assuming constant seafloor-spread-
ing rates between radiometric tie points (Berggren et al., 1995). Moreover, 924 ky to 966 ky is also esti-
mated for the duration of the Palaeocene part of chron C24r (i.e., up to the onset of the δ13C anomaly
or CIE) in ODP Site 1051 (Norris and Röhl, 1999).

Leaving aside the thin-bedded turbidites, the succession studied in Zumaia is composed of cycles
or lithology couplets formed by an indurated limestone part and a marly interval (Figs. 34 and 35).
Chron C25n includes about 21-23 of these cycles and, hence, taking the duration constraints for this
chron derived by Norris and Röhl, (1999), an average duration of 21 to 25 ky can be estimated for each
cycle. This is consistent with the ~21 ky mean duration of the orbital precession cycle (Herbert et al.,
1995) given the uncertainties in identifying the cycles and determining the paleomagnetic boundaries
both in ODP Site 1051 and at Zumaia. Similarly, the number of couplets for the Palaeocene part of
chron C24r in the Zumaia section contains ~47 (assuming that 2 cycles actually occur in the not out-
cropping interval -12 to -14 m, Fig. 35). This implies a mean duration of about 20-21 ky for the cou-
plets, again suggesting that they likely represent the expression of orbital precession. At present, we
cannot directly ascertain whether the lithologic couplets in the lowermost Eocene section are also
expressions of orbital forcing, but grouping of 4-5 individual couplets in larger bundles (Figs. 34 and
35) does suggests they may correspond to the precession and the ~100 ky eccentricity Milankovitch
cycles respectively.

As pointed out by Norris and Röhl (1999), the temporal calibration of the Palaeocene part of
Chron C24r at ODP Site 1051 is in conflict with previous estimates, because their cyclostratigraphic
analysis brings the base of the CIE to an age of 54.93-54.98 Ma (taking 55.9 Ma for the top of C25n,
Cande and Kent, 1995). A similar conclusion can be reached in the present study, since the duration of
the Palaeocene part of C24r at Zumaia, as devised by cycle counting, places the P/E boundary ~0.987
My younger (i.e. at ~54.913 Ma) than the top of C25n (Fig. 36). These figures would imply that the
base of the CIE (i.e., the P/E boundary) might be between 570 and 520 ky younger than its current esti-
mation of 55.5 Ma (Berggren and Aubry, 1998). It is important to remark that the FAD of Tribrachiatus
bramlettei (marker of the NP9/NP10 boundary) occurs in Zumaia and elsewhere almost immediately
above the onset of the CIE (Monechi et al., 2000a, b; Fig. 36). Therefore, if the absolute age of 55 Ma
assigned by Berggren and Aubry to this event is correct, the base of the CIE should only be slightly
older than this figure.

However, the absolute calibration of the P/E boundary is conditionally constrained on an
40Ar/39Ar age of 55 Ma for the –17 ash layer within the Mo clay sequence, Denmark (Cande and Kent,
1992). The –17 ash is also present in DSDP Hole 550, and recent reappraisal of the original paleomag-
netic data from this Hole (Ali and Hailwood, 1998) indicates the position of the base of Chron C24n
should be older (~0.5 My) and the original estimate was in error. If this could be substantiated by new
data elsewhere, the P/E boundary and other biostratigraphic and magnetostratigraphic boundaries
should be shifted to older ages accordingly. Clearly, a new anchor point with a well-constrained
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absolute age is needed and sections like Zumaia will be invaluable to reassess the chronology of the
P/E boundary interval.

The section provides a complete and unambiguous record of chron C25n that suggests an orbital
origin for the lithologic cycles observed throughout the P/E boundary interval. This is a major achieve-
ment in any marine succession embracing the P/E transition and provides the necessary constraints to
further valuate the chemobiostratigraphical events spanning this interval.

5.5. Calcareous nannofossil turnover across the P/E boundary interval (G.. Bernaola, E. Angori, S.
Monechi)

Except for the first 1,3 m of the Siliciclastic Unit which are almost barren of calcareous nanno-
fossils, all the studied samples of the Zumaia section are generally rich and well diversified.
Preservation varies from moderate to poor being moderate in the Upper Paleocene and poor to moder-
ate in the Eocene part.
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We have observed significant changes in the occurrence and disappearance of several calcareous
nannofossils taxa throughout the whole studied interval, however, the major turnover in the calcareous
nannofossils has been recognized within the interval from about 5 m below to about 10 m above the
P/E boundary, in which several genera become extinct or diversify (Fig. 37)

In the 40 cm thick marl bed capping the green limestone (Unit IV), just above the onset of the
CIE and below the BEE, several first and last occurrences are registered, e.g. the LO of the last repre-
sentatives of the genus Neocrepidolitus, a survivor of the mass extinction at the K/P boundary, as well
as the LOs of Munarrinus emrei, Fasciculithus alanii and Scapholithus apertus. The disappearance of
the latter two species has been observed shortly below the BEE in several other sections in the Tethys
(Bybell & Self-Trail, 1995; Angori & Monechi, 1996; Monechi et al., 2000a). In shallow marine
deposits of the Basque Basin, the LO of Sca. apertus has been used to approximate to the P/E bound-
ary whenever the conventional markers are very rare or absent (Pujalte et al., 2003). The FOs of the
representatives of the Rhomboaster-Tribrachiatus lineage occur in the same thin marly interval.

During the last 10 years, the morphological interpretation of the Rhomboaster-Tribrachiatus lineage
has been cotroversial (Bybel & Self-Trail, 1995; Aubry et al., 2000, von Salis et al., 2000). This taxonomic
problem is important, because Martini (1971) chose Rhomboaster bramlettei to mark the base of Zone NP10,
an event usually used to approximate to the P/E boundary. In the present study and following the taxonomic
remarks in Angori & Monechi (1996), we have differentiated 8 species of this lineage: 3 morphological vari-
ants of Rh. bramlettei (Rh. bramlettei “short arms”, Rh. bramlettei “long arms”, Rh. bramlettei var. T),
Rhomboaster spineus, Rhomboaster contortus, Tribrachiatus digitalis; Tribrachiatus cf. orthostylus and
Tribrachiatus orthostylus. We adopt the definition of Zone NP10 by Bybell & Self-Trail (1995, see also
Angori & Monechi, in Molina et al., 2000), according to which the lowermost occurrence of Rhomboaster (i.e.
Angori & Monechi’s Rh. bramlettei s.a.) defines the base of the Zone NP10.

The FO of Rh. bramlettei s.a. has been pinpointed 30 cm above the onset of the CIE and 10 cm
below the BEE. This is somewhat lower than observed in other sections of the Basque Basin (Trabakua)
and the Tethys area (Caravaca, Alamedilla) where the FO of this taxon occurs above the BEE. It has to
be noted that only very rare specimens of Rh. bramlettei s.a. are found below the BEE at Zumaia which
can only be detected by an exhaustive study over several tracks. Together with Rh. bramlettei s.a. a rare
triradiate form has been identified. Those forms, called T. cf. orthostylus by Monechi et al. (2000a),
have been observed in a similar stratigraphic position (some meters below the occurrence of T.
orthostylus s.str.) in several other sections, e.g. Caravaca and Alamedilla (Angori & Monechi, 1996;
Monechi et al., 2000a).

Just above the 1.3 m non-calcareous interval of the lower part of the SU, we find the FO of
Discoaster araneus, Rh. bramlettei l.a. and Rh. spineus in meters 1.65, 1.7 and 3 m respectively.
Together with Discoaster anartios, which is absent in Zumaia, this species constitutes the
Rhomboaster-Discoaster araneus association (Aubry, 2001), a short-lived species association charac-
terized by nannoliths with anomalous structure. The stratigraphic distribution of the Rhomboaster-
Discoaster araneus association at Zumaia, as in other sections of the Tethys and North Atlantic region,
is restricted to the PETM interval.

The FO of the remaining species of the Rhomboaster-Tribrachiatus lineage species have been
observed starting from the top of the SU (Fig. 37). Rh. bramlettei var T has its FO 4.65 m above the
CIE onset, approximately at the level where the carbonate content begins to reach pre-P/E boundary
values. T. digitalis, used to mark the base of the Subzone NP10b (Aubry, 1996) and proposed as a good
datum to correlate deep marine successions with the base of the Ypresian stage (Aubry, 1996), has been
detected only in two samples (in meter 8.25 and 9.25). In Zumaia, the occurrence of this taxon is very
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rare and discontinuous; it has not been found by Schmitz et al. (1997), whereas Monechi et al. (2000b)
report it in only one sample. The FO of Rh. contortus was observed at meter 10.1, and its LO in meter
21.35, 50 cm above the FO of T. orthostylus at the top of the studied part of the succession (Fig. 37).

The quantitative analysis carried out in Zumaia allowed recognizing well defined different infor-
mal assemblage intervals that document the changes in the calcareous nannofossil during the PETM
time interval.

Five assemblage (intervals) zones can be recognized: two below the onset of the CIE and three
above it  (Fig. 38).

The Paleocene assemblage (Zone A) is characterized by abundant C. pelagicus, Tw. pertusus, and
the representatives of the genus, Fasciculithus, Discoaster and Sphenolithus, the former being quite
rich in number of species. The calcareous nannofossil abundance and species richness is high (40 to 50
species and S-H higher than 2,1), indicative of general stable oceanic conditions with a stratiphied
water column and low nutrient content.

The boundary between the Zone A and Zone B is marked in the studied sections by the begin-
ning of a decreasing trend (drop) in Fasciculithus both in abundance and species richness and by a
reverse increase in abundance of Zygrhablithus. Although the average diversity is still high (S-H val-
ues around 2), greater fluctuations can be observed in the number of species from sample to sample
(from 36 to 51 species per sample). The calcareous nannofossil assemblage stability of zone A was bro-
ken; a prelude of the geochemical and oceanic changes at the PETM. 

The base of the following assemblage Zone C coincides with the onset of the CIE and it is
marked by an increase of Discoaster and Fasciculithus and by a sharply decrease in the abundance of
Zygrhablithus. Rhomboaster is also recorded in connection with the onset of the CIE.

This zone includes the whole CIE and on the basis of the species recognized and of their fluctu-
ations in abundanceit can be subdivided into two parts: a lower part Zone C-1 and an upper part Zone
C-2. Zone C-1 (Figs. 38) corresponds approximately to the interval between the onset of the CIE and
the BEE  and it is discriminated at the base and top by two distinctive increases in abundance of
Discoaster, mainly D. multiradiatus (rare D. nobilis, D. delicatus and D. falcatus), and of
Fasciculithus, mainly F. tympaniformis (rare F. cf. hayii and F. thomasii). Zygrhablithus shows a sig-
nificant abundance decrease and an inverse correlation with Fasciculithus. The calcareous nannofossil
richness shows a slight decrease throughout this zone (Zone C-1) both in the number of species per
sample (e.g. from 40 to 30 in Zumaia) and in the S-H index values (from 2 to 1,3). These changes in
Zumaia occurs parallel to the abrupt turnover of calcareous nannofossils in high latitudes and can be
explained as a sudden expansion of the low latitude warm water assemblages to high latitudes proba-
bly due to an abrupt increase of the surface water temperatures. The calcareous nannofossil assemblage
fluctuations recorded in Zumaia could be the reflection of different pulses of that expansion, with the
deterioration of the stable water column conditions of the upper Paleocene and the establishment of
more unstable conditions.

The upper part of Zone C, Zone C-2, corresponds to the interval between the BEE (around the
minimum carbon isotope values) up to the level where δ13C returns to pre-excursion values. It is distin-
guished by abundant Fasciculithus (which shows a marked decreasing trend across this zone) and by
the absence of Zygrhablithus. Zone C-2 shows lower calcareous nannofossil abundances and species
diversity, but the most important feature that characterizes this interval is the presence of the so-called
D. araneus-Rhomboaster assemblage, an event restricted to the PETM of the Tethys-Atlantic province
(Kahn & Aubry, 2004). 
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In Zumaia the RD-assemblage appears a bit higher than the onset of the CIE, at the base of Zone
C2, approximately at the level where the benthic foraminifera extinct around the minimum carbon iso-
tope values, and disappear when the  δ13C return to pre-boundary values. 

D. araneus is regularly present in the entire Zone but its maximum abundance is registered in
the middle part of it (very low δ13C values). As reported in Figure 38 R. bramlettei long arms has the
same range as D. araneus, whereas D. spineus only appears sporadically. R. bramlettei short arms, that
has its FO before the other representatives of the RD-assemblage, shows its highest abundance in con-
nection with δ13C low values, and becomes less common with the extinction of the other representa-
tives of the RD-assemblage. In fact, when δ13C return to pre-excursion values D. araneus, Rhomboaster
spineus, and Rhomboaster bramlettei long arms disappear and R. bramlettei short arms become less
abundant. The origin and paleoecologic affinities of most of the representatives of the R-D assemblage
is unknown, especially those of the Rhomboaster-Tribrachiatus lineage. According to the shape and
morphological features of the some forms included in the R-D assemblage, we suggest that at least D.
araneus , D. anartios and Rh. bramlettei long arms and Rh. spineus, as well as Discoaster with a big
stem, should be interpreted as malformed forms produced by the increase in CO2 concentration. The
presence (abundance) of these taxa in different areas could indicate the proximity to the zones where
the methane was released. 

The following Zone D correlates with the return of the  δ13C to pre-excursion values and records
important changes in calcareous nannofossil assemblages. Zygrhablithus reappears and increases con-
siderable, becoming one of the most abundant taxa together with C. pelagicus, Toweius and minor
Sphenolithus, whereas Discoaster and Fasciculithus experiment an important relative abundance
decrease. The RD-assemblage is no longer present and only some representative of R. bramlettei short
arms can be found. 

A relative abundance increase of Neochiastozygus, Hornibrookina and Braarudosphaera
bigelowii can also be found. Together with all these changes and in parallel to the  δ13C increase there
is a relatively fast raise in the calcareous nannofossil abundance and species richness (S-H 1,75 and 25-
32 species per sample). These changes are indicative of an important turnover in the ocean water col-
umn structure.

5.6. Planktic foraminifera across the P/E boundary interval (X. Orue-Etxebarria, E. Apellaniz, F.
Caballero)

Planktic foraminifer assemblages are rich; the number of specimens per gram of dried residue
ranges from 19.000 to 55.000, occasionally reaching up to 80.000 specimens in samples from a few
meters below the SU. In contrast, from most samples of the SU less than 200 specimens per gram were
obtained. The proportion of planktic foraminifers versus total foraminifers is usually larger than 90%
and in many occasions exceeds 95%. Preservation of tests is generally good; some details of the orna-
mentation are normally less clearly developed than in tropical specimens and may occasionally  ble-
blurred due to secondary incrustations and/or recrystallization. A total of 37 species of planktic
foraminifera have been recognized. The stratigraphic distribution of these species is shown in figure
39.

Planktic foraminifera of the Zumaia section had already been examined by several previous
authors (Hillebrandt, 1965; Canudo & Molina, 1992; Arenillas & Molina, 1995; Canudo et al., 1995;
Pardo et al., 1996; Schmitz et al., 1997; Arenillas & Molina, 2000 and Orue-Etxebarria et al., 2001).
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Most of our results are in general agreement with these earlier studies, although a detailed comparison
is hampered by differences in their respective logs of the section. Since a detailed discussion of the dis-
tribution of the planktic foraminifers in the Zumaia section would be somewhat redundant, we focus
only on those results which are at odds with previous studies, either at Zumaia or elsewhere.

1.- Within Biozone P4, Globanomalina pseudomenardii and the first, small size, specimens of
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Fig. 39.  Planktonic foraminiferal species ranges across the Paleocene/Eocene transition in the Zumaia section. Main biohori-
zons.



Morozovella subbotinae (Fig. 39) coexist; a fact that has been pointed out before in other sections sit-
uated westward (Orue-Etxebarria et al., 1992; Orue-Etxebarria et al., 1996). 

2. - In the Zumaia section, Gl. pseudomenardii ranges up to the P/E boundary (Fig. 39). This
extended range is in contrast to the indications of other authors who place the last occurrence (LO) of
this species at the boundary between zones P4 and P5 (Canudo y Molina, 1992; Canudo et al., 1995;
Lu et al., 1998; Molina et al., 1999; Berggren et al., 2000; Arenillas & Molina, 2000). According to
Blow (1979) this species extends until the Globorotalia (Acarinina) wilcoxensis berggreni Biozone of
the basal Lower Eocene. From its first occurrence (FO) up to 11,50 m below the P/E boundary, the
specimens of Gl. pseudomenardii are rather frequent and reach a maximum diameter of 0,45 mm.
However, above this level they become smaller and with a less distinct keel. Within 10 m below the
CIE, they are very rare and reache a maximum size of 0,25 mm. This reduction in size and frequency
does not coincide with any facies change. The persistent presence of Gl. pseudomenardii in all samples
of Zone P4 indicates that they are unlikely to correspond to reworked tests.

3.- The first specimens of Gobanomalina luxorensis occur in the lower part of the Acarinina sol-
dadoensis Biozone, (Fig. 39). However they are very rare and become more common only from sam-
ple Zu -280 cm onward. This is in contrast to the observations of Speijer & Samir (1997) in the east-
ern Mediterranean Region that Gl. luxorensis is very rare below the BEE (< 0,1%), but becomes very
frequent (up to 10% of total planktic foraminiferal assemblage) above this level where it is the domi-
nant species within the Globanomalina lineage. In Zumaia, it always constitutes < 1% of the total
planktic foraminiferal assemblages and the most representative of the genus Globanomalina in the top-
most Paleocene is Gl. imitata.

4.- Nine out of 12 samples examined from the 4 m thick Siliciclastic Unit (Unit V), above the
P/E boundary have provided planktic foraminifers, whereas other authors reported them from only one
sample (Canudo & Molina, 1992; Canudo et al., 1995; Schmitz et al., 1997; Molina et al., 1999 and
Arenillas & Molina, 2000). Even after a very careful examination of all samples above the CIE onset,
we have not found any specimens of Acarinina sibaiyaensis, Morozovella allisonensis and M. africana,
species restricted to the PETM which were described by Kelly et al. (1996) and found by Lu et al.
(1998) throughout the Tethys realm. These species have neither been found in other sections of the
Pyrenees (Orue-Etxebarria et al., 1996; Orue-Etxebarria et al., 2001 and Pujalte et al., 2003). They may
be characteristic of tropical latitudes (Kelly et al., 1996), or that M. allisonensis and A. sibaiyaensis are
ecophenotypical variants (Kelly et al. 1998). Pardo et al. (1999)  A. sibaiyaensis and A. africana nei-
ther in the Zumaia section, nor in Site 401 of the Bay of Biscay.

5.- Pseudohastigerina wilcoxensis is very rare in the Zumaia section and occurs very sporadical-
ly at the lower part of the SU, approximately 1 meter above the onset of the CIE (Fig. 39).

6.- In Zumaia, we could not observe a significant increase in the proportion of acarininids in con-
nection with the CIE (Fig. 40). Such an increase has been reported by Kelly et al. (1996, 1998) from
tropical regions, by Lu et al. (1998) and Pardo et al. (1999) from sections of the Tethys realm.

Representatives of the genera Subbotina, Morozovella and Acarinina dominate the planktic
foraminiferal assemblages below the P/E boundary (Fig. 40). In contrast to Schmitz et al. (1997),
Molina et al. (1999) and Arenillas & Molina (2000) we find a significant increase in the proportion of
acarininids, from 15-20% to 30-40%, only from sample Zu 465 cm, i.e. well above the CIE onset.
However, most samples from the SU contain too few specimens (< 200 per gram) of planktic
foraminifera to allow significant analyses of the proportions of the planktic foraminiferal genera.

7.- In the planktic foraminiferal assemblages of the Zumaia section, no drastic changes at
species level occur in conjunction with the P/E boundary. The same species dominate below and above
it. Above the SU, LOs of  species such as Globanomalina chapmani, Gl. imitata, Igorina pusilla and
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I. laevigata are gradual (Fig. 39). The occurrence of the latter species in samples above the P/E bound-
ary casts some doubts on the use of their LOs as markers for the P/E boundary, which according to
Arenillas & Molina (1996) coincide with the FOs of A. sibaiyaensis and A. africana.

8.- The planktic foraminiferal biozonation of the interval around the P/E boundary has experi-
enced several modifications since Berggren et al. (1995). The LO of Parasubbotina variospira instead
of the LO of Acarinina subsphaerica is used by Berggren et al. (2000) to draw the boundary between
subzones P4a and P4b of the Globanomalina pseudomenardii Zone (P4).

The Morozovella velascoensis Zone (P5) has been subdivided into two subzones making use of
the LO of Igorina laevigata (Arenillas & Molina, 1996). Another subdivision of Zone P5 uses the FOs
of Acarinina sibaiyensis and/or of A. africana which is thought to coincide concide with the LO of
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Igorina laevigata and the BEE (Lu et al., 1998; Pardo et al., 1999). Subsequently, Molina et al. (1999)
differentiated 5 subzones within Zone P5 using the FOs of Morozovella gracilis, Acarinina berggreni,
Acarinina sibaiyaensis and Pseudohastigerina wilcoxensis.

In this study, we have identified 4 interval biozones, marked by the FOs of Acarinina soldadoen-
sis and A. wilcoxensis as well as the LO of Morozovella occlusa (Fig. 41):

a) Globanomalina pseudomenardii-Acarinina soldadoensis Biozone: Interval from the FO of
Globanomalina pseudomenardii to the FO of Acarinina soldadoensis. In this study, we have only ana-
lyzed the uppermost part of this biozone, which corresponds to the final part of  P4b of Berggren et al.
(1995) (Fig. 41).

b) Acarinina soldadoensis - Acarinina wilcoxensis Biozone: Biostratigraphic interval from the
FO of A. soldadoensis to the FO of A. wilcoxensis. This biozone includes Subzone P4c and part of Zone
P5 of Berggren et al. (1995). The FO of A.wilcoxensis corresponds to the P/E boundary (we use a wide
definition of A.wilcoxensis including in it A. wilcoxensis berggreni).

c) Acarinina wilcoxensis-Morozovella occlusa Biozone: Interval from the FO of A. wilcoxensis
to the LO of M. occlusa. This biozone corresponds to the upper part of Zone P5 of Berggren et al.
(1995). In the Zumaia section, its lower part is within the SU. The FOs of Gl. planoconica and Igorina
broedermanni coincide more or less with the FO of A. wilcoxensis s.l. followed by the FO of
Pseudohastigerina wilcoxensis which is a rare and sporadic form. Gl. chapmani, Gl. imitata and Gl.
luxorensis disappear above the SU. Igorina pusilla, I. laevigata, Morozovella velascoensis and M.
acuta and finally M. occlusa, the most abundant representative of the genus Morozovella in the Basque
Basin have their LOs in the upper part of the biozone.

d) Morozovella occlusa-Morozovella lensiformis Biozone: Interval between the LO of M.
occlusa and the FO of M. lensiformis. In this study we have only analyzed the lowest part of the bio-
zone which corresponds to the lower part of P6a of Berggren et al. (1995).
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5.7. Benthic foraminifera from the Paleocene/Eocene transition (Laia Alegret and Silvia Ortiz)
Benthic foraminiferal assemblages from the Paleocene-Eocene transition at Zumaia have been

studied by Ortiz (1995) and Kuhnt and Kaminski (1997), among others. Assemblages contain abundant
representatives of the Velasco-type fauna and from the agglutinated flysch-type fauna, and they indi-
cate a middle to lower bathyal depth of deposition (Fig. 43).

Upper Paleocene benthic foraminiferal assemblages consist of highly diversified communities
that contain 30-50% of agglutinated taxa. A wide range of morphotypes is recorded in the upper
Paleocene, including biconvex trochospiral (e.g., Anomalinoides rubiginosus, Stensioeina beccari-
iformis), planoconvex trochospiral (Cibicidoides hyphalus, C. velascoensis), rounded trochospiral (e.g.,
Cribrostomoides trinitatensis, Gyroidinoides globosus), rounded planispiral (e.g., Pullenia coryelli),
cylindrical tapered (e.g., Bulimina velascoensis, Dotothia retusa, Clavulinoides amorpha), or flattened
tapered morphotypes (e.g., Hormosina velascoensis), among others. Assemblages contain both infau-
nal and epifaunal morphogroups, and they are dominated by oligotrophic, deep-water taxa that are
common under well-oxygenated conditions.

A global extinction event of deep-sea benthic foraminifera (BEE) has been identified in coin-
cidence with the P/E boundary not only at Zumaia, but also at many other sites and sections worldwide
(Tjalsma and Lohmann, 1983; Thomas, 1998, 2003). The P/E boundary at Zumaia is marked by a dra-
matic decrease in diversity of the benthic foraminiferal assemblages, and the extinction of ~30% of the
species. The extinction of Stensioeina beccariiformis is significant, because the extinction of its shal-
low-water type (Angulogavelinella avnimelechi) allows correlation to the extinction event at shallow-
er settings. 

A sharp increase in the relative abundance of small, thin-walled agglutinated taxa such as
Haplophragmoides spp., Repmanina charoides or Trochammina spp. (up to 80% of the assemblages),
is also recorded in a dissolution interval located in the lowermost Eocene. Such an increase in the per-
centage of agglutinated foraminifera has been observed to occur at the beginning of the CIE-interval
not only in Zumaia and in other bathyal sections from the Basque Basin (Orue-Etxebarria et al., 1996),
but also in many sections across the world (e.g., Thomas, 1998), including the stratotype section at
Dababiya (Egypt; Alegret et al., 2005).

Above the dissolution horizon, the calcareous oligrotrophic species Nuttallides truempyi and
Oridorsalis umbonatus dominate the assemblages, and agglutinated species such as Karrerulina con-
versa or Repmanina charoides are also common (Ortiz, 1995; Kuhnt and Kaminski, 1997). Diversity
of the Eocene assemblages is lower than in the Paleocene, suggesting that benthic foraminiferal assem-
blages from the lowermost 15 m of the Eocene had not completely recovered from the
Paleocene/Eocene event. Further studies are needed to describe in more detail the recovery of the ben-
thic foraminiferal assemblages after the P/E boundary, and to look into the causes of the dissolution
interval in the lowermost Eocene at Zumaia.
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