





region (Knox 1994b; Baceta et al. 2007), and the fact that these regions
are on the order of only 1500 km apart along the northeastern Atlantic
margin, makes it likely that the same event has been registered.
These conclusions are further supported by a recent study of the
Bidart and Loubieng outcrop sections in Aquitaine in southwestern
France (Steurbaut and Sztrikos 2008). High-resolution calcareous
nannofossil and foraminiferal investigations of these sections defined
a time calibrated sequence of 47 bio-events within the Danian-
Selandian transition interval. The Danian/Selandian boundary, as
originally defined in Denmark, is coeval with the lithologic change
from limestone-dominated (Lasseube Formation) to marly
sedimentation (Latapy Member of the Pont-Labau Formation) in
southwestern Aquitaine. This horizon is also coeval with the Aitzgorri
Limestone/ltzurun formational boundary at Zumaia. The Danian/
Selandian boundary in these areas is marked by the end of the acme
of the nannofossil family Braarudosphaeraceae, possibly due to the
disruption of fresh water influx related to climatic changes (Steurbaut
and Sztrakos 2008; Bernaola et al. 2009). Studies of sections across
the upper Danian and lower Selandian in Belgium indicate a similar
sea-level history in relation to biostratigraphy as in Denmark and the
Bay of Biscay region (Steurbaut and Sztrikos 2008). The sea-level
changes therefore are either eustatic or related to large-scale tectonic
events affecting the entire northwestern Europe. Cyclo- and
magnetostratigraphic studies of the Loubieng section with correlations
to Zumaia have further refined the stratigraphic scheme across the
Danian-Selandian transition (Dinares-Turell et al. 2010).

Base of Thanetian

Correlation to the historical type area is straightforward with the
help of magnetostratigraphy (base of Chron C26n) and calcareous
nannofossils (upper Zone NP6) (Aubry 1994: Hine 1994; Knox 1994a;
Ali and Jolley 1996). The basal Thanetian in its original type area
and its eastern prolongation in Belgium, as well as at Zumaia and in
shallow-water sections in the Pyrenees reflects a major transgression,
most likely related to the same eustatic or regional isostatic event
(Knox 1994a.b:; Steurbaut 1998; Pujalte et al. 1998a,b, 2000).

Correlation to the Tethys

In the southern Tethyan realm (e.g. Egypt, Tunisia, Israel)
sedimentation conditions in the early and middle Paleocene are very
different from the western European basins. Sections in the southern
Tethys over this interval are typically characterized by monotonous
brownish grey marls. One particular mid-Paleocene event level,
represented either by an unconformity (in several Tunisian secions)
or, as a prominent {)rgﬂnic-rich_bcd. laminated and rich in fish debris
(in several Egyptian sections), has been considered to possibly
represent a Danian/Selandian boundary event (Steurbaut et al. 2000;
Speijer 2000, 2003; Guasti et al. 2006; Van Itterbeeck et al. 2007;
Obaidalla et al. 2009; Soliman and Obaidalla 2010). This level has
previously been thought to correspond to the now defined base of the
Selandian at Zumaia (e.g.. Speijer 2003), but recent calcareous
nannofossil and foraminiferal studies show that this event is ca. 400-
600 kyr older (Bernaola 2007; Steurbaut and Sztrakos 2008; Sprong
et al. 2009) and is now termed the Latest Danian Event (Bornemann
et al. 2009). In the Qreiya section the organic-rich layer occurs
approximately I m above the FOs of C. edentulus and the small
fasciculiths (Sprong et al. 2009). According to the cyclostratigraphic
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studies at Zumaia the FO of C, edentulus and the first continuous
occurrence ol Sphenolithus are 32 and 22, respectively, bedding
couplets/precession cycles below the top of the Aitzgorri Limestone
Formation (Bernaola 2007; Bernaola et al. 2009). Assuming i mean
period of 21 kyr for the precession cycles this means that these events
are respectively 672 and 462 kyr older than the top of the Danian
limestones. At Qreiya the organic-rich layer is situated between these
two events, and it is approximately 570 kyr older than the top of the
Aitzgorri Limestone Formation in Zumaia and the Danian/Selandian
boundary in the original type area of Denmark.

Primary and secondary markers
Base of the Selandian

The best event for global, marine correlation is the second
radiation of the important calcareous nannofossil group. the
fasciculiths (characterized by the first occurrence of Fasciculithus
ulii 5.s.). Cyclostratigraphy combined with magnctustratigruphy may
also be crucial, for example, in correlation to continental sections.
For regional marine correlation, at least in northwestern Europe. the
end of the acme of the nannofossil family Braarudosphaeraceae
together with the cessation of long-term carbonate deposition and
evidence of sea-level fall can also be used.

Base of the Thanetian

The C26r/C26n magnetochron reversal is the best global
correlation tool and can be applied to a variety of facies.
Cyclostratigraphy together with the position of the Mid-Paleocene
Biotic Event can be used for detailed marine correlation.

Accessibility, conservation and
protection

Considering the exposure along the main “playa™ of the town
Zumaia accessibility to the GSSPs is optimal. There is even a hotel
located on top of the cliff section (on the upper Thanetian part of the
strata). The tilted nature of the strata allows excellent access along
the beach at the same time as one ascends or descends through the
geologic record. Access is limited during high tide and strong landward
waves, however, both GSSPs are above the highest level where wave
action normally erodes the cliffs, and there is no risk that the section
will be lost because of erosion.  The cliffs and the beach are major
tourist attractions and the local community understands the value of
preserving the area from exploitation that may damage the GSSPs.
Moreover. the entire outcrop was protected by the Basque Government
in February 2009 with the “Deba Zumaia Coastal Biotope™. a
declaration that guarantees the conservation of the outcrop. It is the
first geological outcrop protected by law in the Basque Country. The
management of the Biotope, including the Paleocene section, is in
charge of the County Council of Gipuzkoa, which has created a
particular “scientific management™ to ensure the performance of the
three main objectives of the natural reserve: the protection of the
outcrop, the promotion and coordination of the scientific research
and the popularization of the geological value of the area. There are
no restrictions to sampling, but it is advisable to contact the scientific
management of the section (flysch@ gipuzkoa.net) to obtain the special
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permit that is required to work in the area. It is also important to note
that there is an Interpretation Center in Zumaia called Algom and
that a complete program with geological guided excursions has been
developed to promote the knowledge of the section among scholars
and visitors., The Zumaia section also contains excellent records of
the Cretaceous/Paleogene and Paleocene/Eocene boundaries, adding
to its geological significance.

Summary of selection procedures

There was a general recognition early in the selection procedure
that Zumaia would be one of the prime candidates for GSSPs, but
nevertheless detailed or pilot studies have been made of a large number
of sections mainly in the countries around the Mediterranean. The
following alternative sections have been seriously considered: Gebel
Aweina, Gebel Duwi and Gebel Qreiya in the Eastern Desert of Egypt
(e.g.. Charisi and Schmitz 1995, 1998: Speijer and Schmitz 1998:
Speijer 2000, 2003; Sprong et al. 2009), Ben Gurion in Israel (Schmitz
et al. 1997b; Charisi and Schmitz 1998), the Sidi Nasseur and Ain
Settara sections near Kalaat Senan in Tunisia (Steurbaut et al. 2000;
Guasti et al. 2006; Van luerbeeck et al. 2007; Sprong et al. 2009),
Bottaccione Gorge and Contessa Highway in laly (Corfield et al.
1991), and Caravaca in Spain (Arenillas and Molina 1997). In its
final stage the selection procedure was narrowed down to a comparison
of two sections, Zumaia, and the Qreiya section in the Eastern Desert
of Egypt. Because of their excellent records both sections have been
studied in detail by several groups and considerable data exist. A
detailed profile across the Qreiya section was sampled by B. Schmitz,
R. Knox, N. Obaidallah and M. Soliman in 2004, These samples
were distributed within the Paleocene Working Group and have
resulted in several detailed studies (e.g., Bernaola 2007; Monechi
and Reale 2007; Orue-Etxebarria et al. 2007a.b: Rodriguez and Aubry
2007). Swratigraphy and paleoenvironments were also intensively
studied in several parallel sections at Gebel Qreiya (e.g.. Speijer
2000, 2003: Bornemann et al. 2009; Sprong et al. 2009).

One major advantage of Zumaia is its position intermediate
between the North Sea (or boreal) region. where the original stratoty pe
sections for the Selandian and Thanetian were defined, and the more
southerly Tethys region. e.g. Egypt. Tunisia and South Spain (Schmitz
et al. 1998). The Zumaia section contains faunal and floral elements
representative of both regions and this facilitates correlation between
the North Sea and the rest of the world. During the Paleocene the
Zumaia site appears to have been affected by the same sea-level and
lithology changes as other northwestern European sites. Placing the
GSSP for the base of the Selandian at the shift from limestone to marl
in the upper NP4 Zone pays homage to Alfred Rosenkrantz’s original
definition of the Selandian (1924) at the shift from limestone to grey
marl in the Danish Basin, because most likely the change in lithology
at Zumaia registers the same regional event. The limestone/marl shift
of Zumaia has also been identified in the Loubieng section in Aquitaine
(SW France) (Steurbaut and Sztrdkos 2008). Both sections are marked
by a common depositional history. as shown by the almost identical
stratal succession and sequence of bio-events. Zumaia excels through
its better and more permanent accessibility of the outcrop (coastal
section versus quarry) and the wider gamut of scientific information
(presence of magnetostratigraphic and cyclostratigraphic studies), but
Loubieng is an excellent auxiliary section. The Zumaia section is
also superior relative to Qreiya because of its much better accessibility.
A visit to the Qreiya section requires a small expedition with at least
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Figure 17. Summary of evaluation of the Zumaia section for holding
the Selandian and Thanetian GSSPs in relation to the
recommendations by the International Commission on Stratigraphy.

two jeeps plus desert permits. The Zumaia section is also more
expanded than the Qreiya section, at least across the Danian-Selandian
transition. An important consideration is the fact that high-resolution
cyclostratigraphy and good magnetostratigraphy exist for Zumaia,
whereas these parameters cannot be used at Qreiya. This is a very
strong argument in favor of Zumaia. Preservation of foraminifera
and calcareous nannofossils is superior at Qreiya relative to Zumaia,
but preservation at Zumaia is still sufficient for establishing a high-
resolution biostratigraphy. At Zumaia correlations and comparative
studies can be made with nearby coeval sediment sections representing
a wide range of facies and environments, including base of slope
apron, inner and outer shelf, deep-sea channels and even continental
facies in the Tremp Basin to the southeast (Schmitz and Pujalte 2003).
This correlation potential opens the prospect for detailed temporal
and spatial reconstructions of sea-level changes at the Danian/
Selandian and Selandian/Thanetian boundaries. At Qreiya there is
also substantial correlation potential, but the spectrum of
paleoenvironments is not as wide as in the Pyrenean region. At the
final meeting of the Paleocene Working Group, held in Zumaia in
June 2007, these issues were discussed in detail, and based on
evaluations of extensive and detailed data sets the Zumaia section
was unanimously considered the most suitable section to host the
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GSSPs for the Selandian and Thanetian stages. The working group
carefully evaluated the standing of the Zumaia section in relation to
the requirements for a GSSP according to the International
Commission on Stratigraphy, and found that Zumaia is close to ideal
for placing the GSSPs there (see further compilation in Fig. 17). The
International Union of Geological Sciences ratified the proposed
GSSPs for the Selandian and Thanetian stages at Zumaia on September
23, 2008.
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