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Abstract: The Gorrondatxe beach section is part of a 2300 m thick lower Y presian —
upper Luotetian deep-water maring succession and contains the most extensive
¥ presian/ Lutetian boundary interval so far reported. The entire 700 m thick upper-
most Y presian-lower Luletian succession shows a good magnetic signal and is rich
in well-preserved calcareous planktonic fossils, Moreover, some of the interbedded
turbidites supplicd abundant nummulitids, allowing the correlation and calibration
of the zonal schemes of larger foraminilfers and calcareous plankion. At the Gor-
rondatxe section, all the events raditionally used o identify the ¥ presian/Lutetian
boundary oceur at different levels, demonstrating that before selecting a section 1o
place the Ypresian/Lutetian boundary stratotype the specific criterion o identify
this boundary should be defined. The high-resolution caleareous plankton and larger
foraminifer biostratigraphic studies, coupled with the magnetostratigraphic analysis
performed 1 the Gorrondatxe section, show the complete record of events that
characterizes the Ypresion/Lutetinn boundary interval, highlighting the position of
several marker events that are suitable to be selected as the criterion to deline the
Y presian/Lutetian boundary. The Gorrondatxe section fulfils most of the require-
ments demanded of a Global Stratotype Section and Point (GSSP) by the Inter-
national Commission on Stratigraphy, and consequently it is proposed here as a
candidme for the GSSP of the base of the Lutetian,
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ZusammenTassung: Das Gorrondase-Strandprofdl ist Teil einer 2100 m miéchtigen
Abfolge von tiefmarinen Ablagerungen, die vom unferen Ypresium bis ins obere
Lutetium reichen. Dieses Profil enthiilt den mbchtigsien bis jetzt beschricbenen
Grenzhereich der Ypresium/Lutetium-Grenze, Die gesamue 700 m miichtige Ab-
tolge, die dem obersten Y presium und dem untersien Lutetiom entspricht, weist gute
magnetische Signale auf und st reich an gut erhalicnen kalkschaligen plank-
tonischen Fossilien. Die zahlreichen Nummulitiden in den eingeschaltenen Turbi-
diten ermbiglichen die Korrelation und Kalibrierung der aul GroBioraminiferen und
kalkigem Plankion beruhenden Zonicrungen, Alle Kriterien, die traditionell fiir die
Festlegung der Ypresium/Lutetium-Grenze gebraucht worden sind, finden sich im
Gorrondame-Profil in unterschiedlichen Horizonten. Es st daher unumginglich,
dass zuerst das Kntenum fiir diese Grenze bestimmt wird, bevor der entsprechende
Cirenz-Stratotyp fesigelegt wird, Die im Gorrondatxe-Profil in Kombination mit
der magnetssiratigraphuschen Analyse durchgefiihrien hochaufldsenden biostrati-
graphischen Untersuchungen am kalkschaligen Plankton und den CroBformini-
feren zeigen e¢in vollstindiges Repister der Ereignisse, welche das Interval der
¥ presium/ Lutetium-Grenze  charakienisieren.  Hervorgehoben werden  digjenigen
Ereignisse, die als gutes Kriterium fiir die Festlegung dieser Grenze in Frage
kommen. Das Gorrondat<e-Profil erfiillt eine Vielzahl der von der Internationalen
Stratigraphischen Kommission an einen “Global Strmotype Section and Point™
(GSSP) gestellien Ansprilche und wird daher als Kandidat fiir den GSSP die Unter-
grenge des Lutetium und damit der Y presium/Lutetivm-Cirenee vorgeschlagen,

Keywords: Ypresian/Lutetian boundary, GS5F, Eocene, calcareous nannofossils,
plankronic foraminifers, nummulitids, magnetostratigraphy, Gorrondatxe, Pyrenees,

1. Introduction

During the 28" International Geological Congress held in Washington D.C.
in 1989, the International Subcomission on Paleogene Stratigraphy (ISPS)
agreed on a set of Paleogene stages. Subsequently, official Working Groups
and Regional Committees were set up to find a Global Stratotype Section
and Poimt {GSSP) for the lower boundary of each of these Swges, Al present,
all the GSSPs of the Paleogene epochs (i.e,, base of Paleocene = base of
Danian; base of Eocene = base of Ypresian: base of Oligocene = base of
Rupelian; and 1op of Oligocene = base of Aquitanian) have been established
and ratified by the International Union of Geological Sciences. The search
for the remaining Paleogene GSSPs (i.¢., base of Selandian, Thanetian,
Lutetian, Bartonian, Priabonian and Chattian) is still in progress, and it is
hoped to present all the proposals prior to the next International Geological
Congress in 2008,
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According to the Imernational Commission on Stratigraphy (1CS) guide-
lines, clearly summarized by REMaNE et al. (1996), a prospective stratotype
section should contain the best possible record of the relevant marker events
and, in additon, should fulfil as many of the following requirements as
possible:

(1} Geological requirements: exposure over an adequate thickness of sedi-
ments; continuous sedimentation; high rate of sedimentation; absence of
synsedimentary and tectonic disturbances; absence of metamorphism and
strong diagenetic alteration; potential for radioisotopic dating, magneto-
stratigraphy and chemostratigraphy; knowledge of the regional paleogeo-
graphic and sequence stratigraphic context,

(2) Biostratigraphic requirements: abundance and diversity of well pre-
served fossils; absence of vertical facies changes at or near the boundary;
favourable facies for long-range biostratigraphic correlations (open marine
deposits).

{3} Infrastructure requirements; accessibility; free access; possibility to fix a
permanent marker; permanent protection of the site.

The aim of this paper is to present new bio- and magnetostrangraphic data
of the Ypresian/Lutetian (Early/Middle Eocene) boundary transition at the
Gorrondatxe section (Basque Country, western Pyrences), and to propose
this section as a candidate 1o locate the GSSP of the base of the Lutetian
Stage (i.e., Ypresian/Lutetian boundary), as this section fulfils most of the
requirements listed above,

Originally, the Lutetian was defined by De Lapparent (1883) to refer to
the socalled “Caleaire Grossier™ of the Paris Basin, Later, BLONDEAU et al.
{ 1980) proposed two neostratotypes 50 km North of Paris, namely the Saint-
Leu d'Esserent and Saint-Vaast-Les-Mellos sections. However, the Lutetian
sections around Paris, and even elsewhere in northern Europe, are not
suitable candidates to be designated as the GSSP since they display shallow-
marine deposits and/or the base of those sections corresponds 1o a regional
unconformity (e.g.. Auniy 1986, 1995; SteurBauT 1988).

The lower part of the Lutetian “Calcaire Grossier” is best typified by
the occurrence of abundant specimens of Nummulites laevigatus, a species
whose range coincides with Zone SBZ 13 of Serra-KirL et al, (1998). In
addition, Ausry (1986) demonstrated that, in terms of calcareous nanno-
fossils, the base of the “Caleaire Grossier” pertains 1o the Subzone CP12b of
Orana & Bukry (1980), Avpry et al. (1986) carried out the correlation of
the Lutetian strata in Paris with those of the Hampshire-London basin based
on calcarcous nannofossil and Nummufifex faunas. There, they integrated
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Fig, 1. Ypresian - Lutetian stundand biomagnetochronostratigraphic framework. The
extent of the Lutetian strata in Paris is shown for companson purposes. Absolute
ages are from Lutermacuie et al, (2004), Correlation between magnetic polarily
chrons, planktonic foraminiferal zones, and calcareous nannofossil zones is from
Berorin et al. {1995) and Brroorix & Prarson (2005), Plankionie foraminiferal
events are as follow: (1) StamrorTo et al. 1975; (2) Buow 1979; (3) ToUuMARKINE
& LuTerRBACHER 1985); (4) BErGores et al. 1995; (3) PremoL Siiva et al, (2003);
(6) Beroaren & Pransow (2005); correlstion of evemts by (1), (2) and (3) with
magnetic polarity chrons is based on Bercoren & MiLrew (1988),

biostratigraphic and magnetostratigraphic data and proposed that the
Lutetian strata correspond to magnetic polarity chron C21,

Although planktonic foraminifera are rare in these North European
sections, the criterion most commonly used during the last half century 10
place the base of the Lutetian has been the first appearance of specimens
belonging to the planktonic foraminiferal genus Hantkening, which also
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marks the base of Zone P10 of Beraaren et al, (1995), Unfortunately,
Eocene hantkeninids are restricted to lower and middle latitudes. In addition,
they are not abundant at their inception and seldom reached high percentages
in well preserved Eocene faunas (PrEMoOL! Siiva & Boersma 1988 323,
Coxarr et al. 2003: 237). Consequently, different planktonic foraminifer
events have commonly been taken as approximate markers of the base of
Zone P10 and, hence, of the Lutetian Stage (e.g., OruE-ETxERarmia &
APELLANIZ 1985; ErBacher et al. 2004; Zacuos et al. 2004; Payros et al,
2006). In this respect, Beraarex & Pearson (2005) indicated that the
first appearance of Guembelitrioides nuttalli (= “Globigerinoides™ higginsi,
which marks the base of their Zone EB, equivalemt to Zone PIO of
Beraaren et al, 1995) occurs at a level close to the first appearance of
hantkeninids and, therefore, that it can be used to denote the base of the
Middle Eocene. The correlation between magnetostratigraphic and different
biostratigraphic scales has improved over time (e.g., BErGaren 1972,
HarpenpoL & BerGores 1978, BErGorEN & MILLER 1988; BERGGREN et
al. 1995; LurerBacHek et al, 2004), and today it is considered that the first
appearances of the first specimens of the genus Hamtkenina and of the taxon
Guembelitrioides nuttalli coincide with the boundary between the magneto-
zones C22n and C21r (BerGareN et al, 1995, BiroGren & Prarson
2005). Fig. 1 summarizes the currently most accepted biomagnetochrono-
stratigraphic correlation scheme for the Ypresian/Lutetian boundary interval.

In the light of the geological, biostratigraphic and infrastructure require-
ments specified by the ICS for any prospective GSSP and the different
criteria used so far to define the base of the Lutetian Stage, the study
of the Gorrondatxe section was undertaken from the viewpoint of the
general stratigraphic context (paleogeography, lithostratigraphy and
sequence stratigraphy), calcareous nannofossil biostratigraphy, planktonic
foraminiferal biostratigraphy, nummulitid biostratigraphy and magnetostrati-
graphy.

2. Geological Setting

The Gorrondatxe section is exposed on the cliffs of an easily accessible
beach {also known as Azkorri section because of the cape on the northeastern
side of the beach) just northwest of Bilbao (Latitude: 43°23"N; Longitude:
3701° 50" W: Figs. 2 and 3). The beach, awarded the European Union Blue
Flag for water cleanliness and beach services, is equipped with a car park,
fountains, bars and bus services (further details at hitps/iwww bizkaia,
net/ingurugiroa_Lurraldea/Hondartzak/in_home3. him),
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3. Paleogeography

During Eocene times, the area studied formed part of a narrow marine gulf
created by the obligue convergence of the Iberian and European plates (Fig.
2A). The gulf, located at approximately -35°N latitude, opened northwest
into the Bay of Biscay and had shallow carbonate ramps on its northern and
southern margins (Praziar 1981 Pusacte et al, 2002), Further plate con-
vergence during Focene times caused the tectonic uplift of the Pyrenees, and
two foreland basins developed to the south and north of the rising orogen
(Fig. 2A; VErGEs et al. 1995; Pavros 1997; Puiacte et al. 2002),

Today, deep marine deposits are extensively exposed in the coastal provin-
ces of the Basque Country, whereas remains of the southern shallow-water
carbonate ramyp are found in the southern provinces (Fig. 2B). The present
study focuses on the western, most distal part of the northern foreland basin.
This area received sediments from several sources, notably hemipelagic
marls and limestones, calciclastic turbidites and debrites thought 1o be
derived from northern sources, and siliciclastic turbidites coming from
northern and eastern sources (Fig. ZA) (Pavros et al. 2006). Estimated
palacodepth for this area is about 1500 m (Orup-Erxenarmia & LamoLDa
1985; RopricuUEz-LAzaro & GARCiA-ZARRAGA 1996; Payros et al. 2006),

4. Lithostratigraphy

The Gorrondatxe section is part of a 2300 m thick lower Ypresian-upper
Lutetian succession that extends from the town of Sopela to the Galea Cape
and is exposed in coastal cliffs (Fig. 3). It is entirely composed of deep-
marine deposits, which were uplifted and tilted during the Alpine Orogeny
and are now part of the northeastern limb of the Biscay Synclinorium. The
succession, despite being almost continuous, is affected by several faults,
one of which divides the lower part of the Gorrondarxe section into two
separate parts (Fig, 3).

The Sopela-Galea section has earlier been the subject of detailed sedi-
mentological (PuaaLTe et al. 1997) and micropaleontological analyses

Fig. 2. (A) Early Paleogene paleopeopraphy of the Pyrenean arca without palin-
spastic restoration (party based on PLaziar 1981, Pusacte el al. 2002, and our own
data), (B) Simplified geological map of the Western Pyrences showing the most
important Eocene outcrops, The location of the Gorrondatxe section {€G) 15 shown on
both maps.
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{ORUE-ETXERARRIA et al, 1984; Orup-Erxenarmia 1985; Orue-ETXEBARRIA
& LamoLpa 19835; Ropricuez-LAzaro & Garcia-ZarraGa 1996), one
of which dealt specifically with the Ypresian/Lutetian boundary in the
Gorrondatxe beach section {OrRUE-ETXEBARRIA & APELLaNIZ 1985). How-
ever, only general stratigraphic descriptions of it have so far been produced
(e.g. Rat 1959; Pavros et al. 2006) and no formal lithostratigraphic units
have yet been defined (Fig. 3). According to these descriptions, the lower
half of the succession is composed of hemipelagic marls interspersed with
siliciclastic turbidites, which peak in abundance in the so-called Azkorri
Sandstone (Rat 1939). Resedimented carbonate deposits become pro-
gressively more abundant in the upper half of the succession,

The Gorrondatxe beach section, 700 m thick, extends from the top of the
Azkorri Sandstones to the base of the caleiturbiditic flysch (Fig. 3). It is
mostly composed of hemipelagic marls and limestones, but thin-bedded
{< 10 em) siliciclastic turbidites are also common. In addition, some thick-
bedded (10-240 cm) mixed turbidites {siliciclastic and carbonate) occur at
some levels of the succession,

5. Sequence stratigraphy

Sequence stratigraphic units (e.g., third order depositional sequences) are
the result of eustatic or relative changes in sea level, which result in charac-
teristic stratal architectures (e.g.. Van et al. 1991}, According to current
sequence stratigraphic models, basinal lowstand deposits are best typified
by turbidite accumulations, whereas basinal transgressive and highstand
deposits are mostly hemipelagic.

Pavros et al. (2006) investgated the sedimentary features (lithology,
thickness and shape, primary structures, grain fabric, palacocurrents, ¢tc.)
of every turbidite bed thicker than 15 cm in order to assess volumetric
variations of wrbidites throughout the Sopela-Galea section (Fig. 3). They

Fig. 3. (A) Simplified geological map of the study area, showing the location of the
Gorrondatxe beach section. (B) Simplified litholog of the Sopela-Galea succession,
showing the extent of the Gorrondatxe beach section, Planktonie foraminifera
biostratigraphy (lefi-hand column) is from Orve-Evxomarria et al. (1984); in-
tormal lithostratigraphic units are mostly based on Rar (1939); vertical variations in
turbidite content {right-hand graph) are from Pavios et al, (2006); depositional
sequences are those defined by Pavros (1997) and Pusacte et al. (2000} in the
Pamplona area.



Biomagnetostratigraphic analysis ol the Gorrondatxe section, Easqu&.(:agm_ry

e B

B e
1o ] Ry T—

5 Sandy Flysch
w Munrty Flysch

alanCans
Maastrichlian

Alpardilies

Cabclurtadiie Flysch

LUTETIAN

(P

{P8) T}

YPRESIAN

T

Fig. 3 (Legend see p. 74)

EEEEEE8 8

E

=0 ]

f;;}
[FZEATN

—
L5 prag g ]

IEN

Secquances Lul - L@@

Curlt

Seuquance Soguence
Cud

Farcanings of sarcty smdirscd par 10w
ITacin iy i, | Clon e
vy Thith fema o Furifilsilies 1P S ar

an 1% cm pad 10 m ol gustaaske

i Ll )

SO
B2, IL3 snd Cul




76 G, Bermaota of al,

obtained a semiquantitative estimation of the vertical variations in turbidite
abundance by plotting their composite thickness in 10 m thick intervals, This
procedure made evident that the Sopela-Galea succession consists of six
distinet intervals with variable amounts of turbidites. The turbidite content of
three intervals rarely exceeds 20 %, average values being lower than 10 %
and some levels almost completely devoid of wirbidites. These three intervals
were called consequently “turbidite-poor”. On the other hand, the other three
intervals were named “turbidite-rich™ because their turbidite content ranges
from 10 % 1o 80 %, the average being more than 20 %. Pavros et al. (2006)
also noted an inecrease in the proportion of carbonized plant remains and
reworked shallow-water benthic faunas in the three wrbidite-rich intervals.

However, the sequence stratigraphic interpretation of the Sopela-Galea
section is not straightforward, since sequence stratigraphic units defined
solely on the basis of 1D profiles are not reliable. Unfortunately, the
platform areas from which the Sopela-Galea resedimented deposits derived
have eroded away and, therefore. the significance of the wrbidite-rich
intervals in terms of sequence stratigraphy cannot be verified. Hence, the
sequence stratigraphic framework of the Sopela-Galea section can only be
established on the basis of correlation with neighbouring areas where both
basinal and platform deposits are preserved, Pavros et al. (2006) noted that
the ages of the turbidite-rich intervals correlate precisely with those of rese-
dimented basinal units of the Pamplona area, 200 km southeast of the study
area (see Fig. 2 for location), There, based on the study of deep and shallow-
water deposits, Pavros (1997) and Pusavte et al. (2000) distinguished
twelve third-order lower Ypresian — lower Bartomian depositional sequences,
which were interpreted as the result of tectonically induced regional sea-level
changes. The lowstand turbiditic deposits of their fourth (Cu-2), fifth (Cu-Lt)
and sixth together with seventh (Lu-1 + Lu-2) sequences correlate with the
wrbidite-rich intervals of the Sopela-CGalea succession, supporting the inter-
pretation of the larter as regional lowstand deposits (Fig. 3).

Fig. 4. Selected caleareous nannofossil species ranges and location of the main
biohorizons across the Ypresian/Lutetion transivion ai the Gorrondatxe section.
Broken lines indicate very rare occurrences, Zones in column (a) are following
Okapa & Bukry (1980} those in column (b) are following Magrin (197 1)
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6. Calcareous nannofossils
6.1. Sampling and methods

The caleareous nannofossil study is based on the analysis of a wotal of 56
samples (Fig. 4). Samples were taken every 20 m with closer intervals near
the main biostratigraphic events. Smear slides of samples were prepared
from raw material using the pipette method for calcarcous nannofossils
(Bown 1998), avoiding mechanical or physical processes that could modify
the original composition of the assemblage, All the smear slides were
analyzed under a Leica DMLP petrographic microscope at 1500X magni-
fication. In order to investigate the smallest species, to observe details of
bigger forms and 1o take pictures, smear-slides were examined at 2000X
magnification. Microphotographs of significant calcareous nannofossil taxa
are shown in Figures 5, 6 and 7. At least 300 nannofossil specimens were
counted per sample along a random traverse on the slide. Moreover, in order
1o detect rare species with key biostratigraphic value, three additional tracks
were studied per sample.

In this paper, the biozonation schemes of Marming (1971) and Okapa &
Bukry { 1980) are applied.

6.2. Results

According to the preservation criteria proposed by Romn & TmersTEN
(1972) all the studied samples from the CGorrondatxe section yielded
moderately to well-preserved calcareous nannofossil assemblages that
occasionally show traces of dissolution and in lesser extent re-crystallization.
Preservation of calcareous nannofossils is frequently excellent and delicate
structures and coccospheres are usually present.

Fig. & All figures are from Gorrondatxe section and were taken with parallel nicols
except {a), which was taken with cross-polarized light. The scale bar represents
10 pm i all Figures. a-b) Chipfragmalithus colathus, sample Az 903; ¢) Chiphrag-
malithis acanthodes, sample Az969, d-K) Nasnoterring cristara, d-e — sample
Az 987, f - lateral view. sample Az 1002, g - sample Az 1015, h - lateral view,
sumple Az 1079, i - sample Azl 103, j. - sample Az 1209, k - sample Az 1246; L, o)
Dizcoaster sublodoensiz, | - sample Az 943, o - sample Az903; p) Discoasrer cf,
D sublodoensis, sample Ar 890; m, n, q) NMannoretring filfpens, m - sample Az 1209,
n = sample Arl1246, q — sample Azl154; r-8) Discovster lodoensix, v = sample
Az 96Y, 5 - sample Az 890,
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Fig. § (Legend see p. 78)
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Fig. 6 (Legend sec p. B1)
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The high diversity and total abundance of calcareous nannofossils are
remarkably regular throughout the succession with an average of 45 species
per sample and 17 specimens per field of view.

The assemblages are dominated by commeon to abundant Reticnlofenesira
and Coceodithus, with less common Ericsomia, Sphenofithus, Zvgrhablithus
and Chigsmaolithus, the latter increasing upsection in abundance and size.

Reworked nannofossils occur in all the samples, Most of them are of
Cretaceous and in lesser quantity Paleocene and early Eocene age. The
reworking results from the nature of the sediments, limestone-marlstone
alternations with a high number of interbedded turbidites. The presence of
reworked nannotossils can occasionally obscure the location of the latest
oceurrence (LO) of some taxa. Taking into account that the reworking is not
very intense and is not equally present throughout the succession, the LO of
a species was tentatively located at the end of its continuous occurrence. In
this work, however, in order to minimize the possible error of considering the
top of the continuous occurrence of a species as its lalest ocourrence, we
only use the {irst occurrence (FO) of selected species.

The studied interval spans from the upper part of the Zone CP1I o the
Subzone CP13b.

The summary of recognized zones and main biohorizons is given in Fig, 4
and deseribed in detail below:

a) FO of Discoaster sublodoensis (CPLI/CP12a; NPI13/NP14): At the
Gorrondatxe section the FO of D. sublodoensis has been recorded in sample
Az 840, 40 m above the base of the studied succession. From sample Az840
1o Az 890 this 1axon is rare to very rare and its preservation is usually poor. In
this 50-m-thick interval, transitional forms between Discoaster lodoensis
and D. sublodoensis have also been found. These forms are six-rayed
Discoaster with straight or only slightly curved arms (Fig. 5p). From sample
Az903.5 upward, the presence of D, sublodoensis is more common and the

Fig. 6. All fgures are from Gorrondatxe section und were taken with parallel nicols
except (e), (g), (1), (k). (m-o), which were taken with cross-polarised light, The scale
bar represents 10 pm in all figures, a<b) Discoaster sublodoensis, sample Az 540,
< k=2 Discoaster lodoensis, sample Az 840; d-g) Slackites piviformix, d-¢ - sample
Ar 969, f-g - sample Az961; h-m) Blackies inflatus, h-1 — sample Az987, j-k
sample Az 1002, l-m - sample Az969; n) Blockiter spisoius, sample Ae9d3; o)
Blackites cf. B, perlongus, sample Az 943,
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specimens are better preserved (Figs. 51, So). A similar abundance trend was
also observed in the Possagno section, Southern Alps (Acsimv et al, 2006).
This confirms that 0. sublodoensis is usually rare in its lower range in many
sections {Rosmein 1979; Varor 1989),

b) FO of Blackites piriformis: The FO of B. piriformis precedes the FO of
Blackites inflatus, the CP12b marker. These two taxa could be confused
in poorly preserved material, especially in those samples where recrystal-
lization is strong. At the Gorrondatxe section, the range of B. piriformis is
very short. It first appears in sample Az 961 and disappears 26 m higher, in
sample Az987. This species is also rare and sporadic in other well-preserved
successions (Boww 2005),

¢) FO of Bfackites inflatus (CP12a/CP12b): As mentioned above, this
species 1s prone to dissolution/recrystallization in poorly preserved material
and is usually absent or very rare. In fact, the first appearance datum (FAD)
of B. inflatus is one of the worst documented datums of the Ypresian/
Lutetian boundary time interval (BerGGrEN et al. 1995). We found itz FO at
sample Az 969, 129 meters above the base of Zone CP 12a.

d) FO of Nannotetring spp.: This biohorizon is usually used 1w define the
base of CP13 in sections where the presence of Nannotetrina fulgens is very
rare or absent (Percu-NieLsen 1985). However, we advise against the use of
this biohorizon to mark the base of Zone CP13 as we actually found the
FO of Nannotetring spp., N, cristata, in sample Az 987, in the lower part of
Subzone CP12b. Other biohorizons, such as the LO of B inflains (Auvsiy
1983; VarorL 19893 or the LO of £ suflodoensis (LyLE et al. 2002), have
occasionally been used to approximate the base of CP 13 Zone,

¢) FO of Nannotetrina fulgens (CP12b/CP13a; NPI4/NP15): In the
Gorrondatxe section the FO of N fufeens is recorded in sample Az1111,

Fig. 7. All figures are from Gorrondatxe section and were taken with cross-polarised
light except (b), (1, (i), (i) and (m), which were taken with parallel nicols. The scale
bar represents 10 pm in all figures. a=b) Coceolithus stawrion [= C, mutatus (PERCH-
NiLsex 1971) Bows 2005]. sample Az 1409, e=d) Campilosphaery dela, sample
A M3, e-N) Cliaxmolithus prandis, sample Az1319; g j) Chicemodithus solines,
sample Az 943; h-L, l-m), Chicsmolithus gigas, b-1 - sample Az 1495, l-m - sample
Az 1396; k, n) Retfeulofenesira dictveda, k - sample Az 943, n - small form, sample
Az 943,
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271 m above the base of CP12. This taxon is rare in the lower part of its
range, but increases in abundance from sample Az 1246 upwards.

N FO of Chiasmolithus gigas (CP13a/CP13b): This biohorizon, marked by
the first Cliiasmolithus larger than 19 pm with a broad distal shield and
restricted central opening spanned by a relatively small x-shaped structure
with sigmoid bars, is located at sample Ax 1274, We do not include in Ch.
gigas the forms that Bows (2003) redefined as Coecolithus mutaius (PErCH-
NieLseN 1971) Bows 2005, According to this author those forms (very large
coceoliths with wide central-area and narrow, axial to slightly rotated cross-
bars) are probably included in the Ch. gigay concept of Bramierie &
SuLLivan (1961). The last occurrence of Ch, gigas has not been detected, its
presence being continuous up to the top of the studied interval.

7. Planktonic foraminifera
7.1. Sampling and methods

To analyze the planktonic foraminifera of the Gorrondarxe section, 96
samples {each of about 1kg) were collected, which were very close-spaced
near the main biostratigraphic events (Fig. 8). The samples were washed and
sereened 1o obtain residues of a 100-630 um size range, which were studied
under a binocular microscope. The complete assemblage of planktonic fora-
minifers was recorded to species level. For taxonomic purposes significant
species were imaged with a JEOL Scanning Electron Microscope, model
JSM-6400 (Figs. 9 and 10). After a separation with an Otto microspliter,
relative abundances of the different species were estimated based on counts
of about 300 specimens, All residues contained planktonic foraminifers in
sufficient quantity and degree of preservation to permit a semiguantitative
study designed 1o determine the FO and LO of planktonic foraminifer
species. On the basis of these data, and 1aking into account the great thick-
ness of the Gorrondatxe succession, a new high-resolution planktonic
foraminiferal biozonation is proposed for the studied interval, although the
standard tropical-subtropical zonation schemes of Beraarex et al, (1995)

Fig. 8. Selected planktome foraminifer species ranges and location of the main
biohorizons across the Ypresion/Lutetian transition at the Gorrondatxe section
Biozotes in column (a) are as described in this study; those in column (b) are
lfollowing Bercowrew et al. (1995) (P scale) and Beracoren & Pearson (2005)
(E scale),



Biomagnetostratigraphic analysis of the Gorrondatxe section, Basque Country 85

PLANKTIC FORAMINIFERA

H. rttalli
H. nuttalll

[
=
£
r

Artios |
- AZTIE

FREL

Asnasr |
Aptyan |
4
* Apiarg
Ariyon |
Artpey
|
ArtIrd
1 <

E&/ P10

Lutetian

- oo o o o = ==

¥ R
E =
-ﬁ-ermm e & pragfogdensis

- I micra ‘rlncinunﬂ

Arrpsd -

Astoxr
- Arfgis

T. fronlosa
ET (P2
Ypresian

2
2
A_ bullbrogk]

Fig. 8 (Legend sec p. 8d)



86 G.Barnaoia et al.

_ e — — = e e —

and Bercoren & Peansos (2005) are also used for correlation purposes
iFig, 8).

7.2. Resuits

All the samples contain a diversified assemblage of well-preserved plankto-
nic foraminifers, which represents more than 90 % of the total (planktonic
plus benthic) foraminiferal content.

The lower 100 m of the succession present a planktonic foraminiferal
assemblage wypified by Subboting linaperta, “Guembelitricides” lozanoi,
Globanomaling  planoconica,  Pseudehastigering  micra,  Morozovella
aragonensts, Morozovella caucasica, fgoring broedermanni and Acarinina
bulibrooki, among others. Specimens similar in shape to G. nuttalli, albent
smaller in size and lacking supplementary sutural apertures, have been found
throughout this interval; these specimens might correspond to intermediate
forms between *G." fozanoi and G. nurtalli (Toumarking & LUTERBACHER
1985). This assemblage is here included in the Acarinina bullbrooki Bio-
rone, and is considered as equivalent to part of Zone P2 of BerGarew et al,
(1995), Zone E7 of Bercaren & Pearsox (2005). This interpretation is
supported by the occurrence of Planorotalites palmerae, marker taxon of
Zone P9, 250 m lower in the succession (see Orue-ETxesannra et al, 1984;
OruE-ETXEBARRIA & APELLANIZ [983; Pavros et al., 2006}

The assemblage from the interval between 900 and 1083 m s charac-
terized by A, bullbrooki, ! micra, {. broedermanni, S. linaperta, Subboting
senni. Globanomaling indiscriminata, Globanomaling planaconica, M.
cawcasica, Morozovella eraier and M. aragonensés. The first specimens of
the species Turborotalia frontosa, characterized by a rather high arch-like
umbilical-extraumbilical aperture with a faint lip and a fairly well separated
globular final chamber (Fig. 9j-m), appear at the base of this interval,
According to these characteristics, this mterval has been included in the
Turbarotalia frontosa Biozone and is considered as equivalent 1o the upper
part of Zone E7 of BerGarEN & PrArsON (2005),

Fig. 9. a=¢) Morozovelfa coucasica (Guarssser, 1937), 6 — umbilical view, b - lane-
ral view, ¢ — spiral view; d-f) dcarinina bulibroaki (BoLLy, 1957}, 4, £~ spiral view,
¢ — umbilicad view; g-b) Globigerinatheda micra (Siurskava, 1958), g, b umbilical
view, | — spiral view; j-m) Turborotalio fromtora (SURROTING, 1953), | — spiral view,
k ~ lateral view, |, m — umbilical view, Scale bar = 104 pm,
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Fig. 10 (Legend see p. 89)
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The simultaneous FOs of Glebigerinatheka micra and Morozovelfo
gorrondatvensiv at sample Az]1083 mark the base of the Morozovelia
porrondarcensis Biozone, which extends over 125 m. The nominate taxon,
originally defined in the Gorrondatxe section (Orup-Erxenarria 1985),
is of great biostratigraphic interest, at least in the Pyrenean area, since its
thstmbution is restricted to the homonymous biozone and the lower three
guarters of the overlying biozone (also see Canupo 199(0; Canuno &
Mowvina 1992), The LO of Psendohastigerina wilcoxensts and G fndis-
crimingta are recorded at the upper part of this biczone. Relatively large-
sized specimens of G. murtadli, showing secondary sutural apertures, appear
in the uppermost part of this biozone (sample Az [ 185). All these charac-
teristics suggest that the Morozovella gorrondatvensis Biozone mainly
correlates with the upper part of Zone E7 of Bercoren & PEarsow (2005)
(equivalent o Zone P9 of BerGaren et al. 1993), although its uppermost
part corresponds o Zone E8 (= P10). The FO of Geh, micra in the upper part
of Zone P9 was also reported by PriEmonn Snwva et al. (2003) (Fig. 1).

The FO of Acarinina practopilensis in sample Az 12085 marks the base
of the homonymous biozone, which extends over 225 m. It should be noted,
however, that the first specimens of the nominate taxon differ from the holo-
type (Brow 19793 m that they are slightly smaller and have a less disunct
circum-cameral muricocaring. The very close FOs of A, practopilensis and
G omuttalli supports the assumption of ORUE-ETXEBARRIA & APFLLANIZ
(1985) that the FO of the former is a suitable event 1o place the
Y presian/Lutetian boundary in terms of planktonic foraminifera. The FO of
a distinct morphotype of T frontosa, characterized by a comparatively tight
last chamber and a distinet dorsal Nattening, is recorded at sample Az 1292,
The LO of M. caucavica 15 recorded in the muddle part of this biozone,
whereas those of Subbating inaeguispira and M. gorromdatxensis were found
in the upper part. The Acartning practopilensis Biozone correlates with the
lower part of Zone E8 of BErGorEN & PEArsON (2003),

Finally, the base of the Hantkenina nuttalfi Biozone is defined by the FO
of the npominate taxon at sample Az 14335, It should be noted, however, that

Fig. 10, a-d} Morezovella gorrondatvensis (OrUe-ETxenanmia, 1983), a - spiral
view, b lateral view, ¢, d — umbilical view; e-g) Guembelitrioides nuwitalli
(Harmros, 1953), e, £ - lateral view, g - umbilical view; b-i} Hantkenina nurialii
Tousarkme, 1981, side view; j-m) Acorining practopifensis (Buow 1979), | -
spiral view, k, m — lateral view, | - umbilical view, Scale bar = 100 pm,
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H. nurtalli is rare in all samples. Given its rarity and the fact that its FO is
located higher up than the LO of M. caucasica, the FO of H. nuttalli in
the Gorrondatxe section might not correspond to its first appearance in the
stratigraphic record. The FO of Truncormtaloides topilensis is recorded in the
lower part of the Hantkening muttalli Biozone, Globigerinathekids, including
Gith, mexicana, become very abundant 80 m higher up in the succession (sce
Drue-Erxesarmia et al. 1984; Orve-Erxesarria & Arecvaniz 1985,
Pavros et al. 2006). All things considered, the Hamtkenina nuttalli Biozone
15 correlated with the upper pant of Zone ER of BerGarEn & PEARSON
(2005),

8. Nummulitids
8.1. Sampling and methods

Larger foraminifera, mostly Nummulites and Assiling specimens, as well as
fragments of other shallow-water organisms (e.g.. red algae and corals),
occur in the basal part of many thick-bedded, mixed carbonate-siliciclastic
turbidites. They occur cither within rounded limestone clasts or as loose,
individual grains surrounded by muddy or bioclastic matrix,

All of the twrbidites in the Gorrondatxe section were examined for
nummulitids. Some of them, despite bearing larger foraminifers, were not
sampled because they were well cemented and individual nummulitids could
not be extracted. In fact, the systematic analysis of nummulitids at specific
level needs the observation of external and internal features in both
microspheric and megalospheric forms. Therefore, it is necessary to have
diversified populations where individual specimens can be separated. Six-
teen of the Gorrondatxe turbidives fulfil these requirements, from which
different types of samples were collected (Fig. 11). When possible, bulk
sediment samples were collected, but in some cases individual nummulind
specimens, slabs of turbidites or limestone clasts were taken. All the samples
were washed in the laboratory and as many individual nummulitid specimens
s possible were separated and studied following a two-step procedure. First,
their external features (diameter and shape, morphology and arrangement of’

Fig. 11. Nummulitid species occurrences in the Gorrondatxe section. Broken lines on
the right-hand columns indicate that the corresponding Shallow Benthic Zone is
probably represented in the sample, whereas continuous lines indicate verified
OCCUTTEnCes.
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septal filaments and granules, ete.) were examined with a binocular micro-
scope. Then, they were split along the equatonial sectuon to study their
internal features, such as number of whorls, rate of opening of the spire
iwhorl radius), number of chambers per whorl, septal and chamber shape,
and the proloculus diameter of megalospheric forms (Fig. 12). Biostratigra-
phic range of nummulitid species was assigned following Scuavs (1981),
TosguELLA & Serra-Kier (1996) and the standard Shallow Benthic Zones
(SBZ) of Serra-KieL et al, { 1998),

8.2. Results

Four out of sixteen samples did not provide reliable results, since nummu-
litid specimens were poorly preserved (samples Az905, Az934, Az 1197 and
Az 1318). The remaming twelve samples vielded a wealth of nummulitd
specimens, with a total of 45 different taxa representing a mixture of re-
sedimented and displaced faunas (Fig. 11). In fact, nummulitids from lime-
stone clasts record the destruction and resedimentation of older, well-
cemented carbonate platforms, whereas loose nummulitids are probably the
result of displacement from approximately contemporaneous unconsolidated
shallow-water sediments, Most of the specimens could be classified at the
specifie level and proved suitable for biostratigraphic determination. How-
ever, the systematic study was sometimes hindered because of the not fully
diversified character of some samples, Most of the samples contained mega-
lospheric mummulitids but lacked microspheric forms, This situation is
probably the result of the hydrodynamic sorting (i.e., grain-size classifi-
cation) of the sediment involved in turbidity currents, which led to the
accumulation of large microspheric and small megalospheric nummulitid
tests separately. Therefore, since complete nummulitid populations are not
represented, a precise systematic determination was sometimes difficult 1o

Fig. 12. a) Nummmulites dorioli, A<form, sample Az 1378 b} N boussaci, A-form,
sample Az 1273; ¢) N all. miffecaput, A-form, sample Az 1432; ) N alponensiy,
A-form, sumple Az 1452; e) N aff. boussact, A-form, sample Az 1273, F) N obesuy,
B-form, sample Az 1210; g} N variolarins, A-form, sample Az [ 138; h} N messinae,
A-form, sample Az 1070 ) N feevigans, A-form, sample Az 1210; |3 N praclorioli,
A-form, sample Az 1273 k) Assiling bericensis, A-form, sample Az 1138; 1) A
palfensix, A-lorm, sample Az 1273, m) N manfredi, B-form, sample Az 869, n) &
manfredi, A-form, sample 869; o) A. maior, A-form, sample Az 860; p) N formosus,
A-form, sample Az 137, Scale bars = | mm.
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Fig. 12 (Legend see p. 92)
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obtain. That is why the terms “¢f” (= confer), “gr” (= group) and “aff’" (=
affinis) are used in some cases. On the other hand, the most evalved
maorphotypes of a phylnfgrm:uc series were easy to recognize. In general,
the most modern apf:mmcns are larger and show more complex test orna-
mentation, However, it is not straightforward 1o apply this rule 1o small-sized
micraspheric nummulitids, since small test size and simple ormamentation
might be related either to a lower phylogenetic level (i.e. stratigraphically
older specimens) or, alternatively, to the younger ontogenetic stage of more
modern specimens,

These facts, along with the unspecific biostratigraphic range of some
species, sometimes made it difficult 1o distinguish whether a sample con-
tained a homogenons association, with specimens belonging to a single
biozone, or a mixed association with specimens belonging to more than one
biozone. However, although these limitations hamper the precise recon-
struction of the paleobiocenosis at some levels, it was still possible to date
the youngest possible age of the wrbidites containing nummulitids (Fig. 11).

The association observed in sample Az 869 15 constituted by: Nummilites
pusiwlosus, Assifinag plocentula and A. of. reicheli, taxa with a biostratigra-
phic range that spans SBZ 10 and SBZ 1 1; N escheri, N. gr. leupoldi, N. cf.
rotwlaring and A, gr. praespivg, with a range from SBZ 10 10 SBZ12; N
rawricus, N, mitidus and A laxispiva, characterizing SBZ 11 N, distans, N.
reisst, N ef. polvgyratus, ranging between SBZ11 and SBZ12: and N
campseximes, N. manfredi, N aft. fenpoldi, N, cf. formosus, and A. maior,
characteristic of SBZ 12. Therefore, sample Az B6Y presents an association of
nummulitids that characterizes SBZ 11 and SBZ 12, as well as some species
of unspecific biostratigraphic range between SBZ 10 and SBZ11 thar,
possibly, belong 1o SBZ11. This association indicates SBZ 12 as minimum
age, with faunas resedimented from SBZ 11,

Sample Az 918 presents 1 nummulitid association constituted by Nummu-
lites cantabricus (SBZ11), N gr. feupoldi (SBZ 10-12), Assilina reicheli-
suteri (SBZ12-13), M of, formosus and A. maior (SBZ12). In addition,
specimens of the N perforarus, N. loevigarus, N. distans and A. praespira
groups were observed. which show characteristics attributable to zones
SBZ12-13, Therefore, it was not possible to accurately place the boundary
between these two zones.

Samples Az1070, Az1097, Az1138, Az1184 and Az1210 yielded a
nummulitid association constituted by N, vonderschmitti, N. gr. leupoldi and
N. ef. pavioveci (SBZ 10-12), N. distans (SBZ11-12), A. maior (SBL12), N.
praciovioli and N distans-alponensis (SBZ11-13), N gr. Jaevigates indel
(SBZ12-13), and lower Lutetian (SBZ13) taxa, such as & obesus, N
fedmeri, N messinae, N laevigates, N, britannicus, N varielarins and 4.
frericenyiy,
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Finally, samples Az 1273, Ae 1378, Az 1415, Az 1452 and Az 1454 contain
a nummulitid association constituted by N. gr. leupoldi, N. cf. archiaei and
N. cf. irregularis (SBZ10-12); N. distans and N. prawi (SBZ11-12); N
Sormosux, Noafl. leupoldi and N. aff. escheri (SBZ12). N praclorioli
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(SBZ 12-13); N gallensis, N. lehneri, N. faevigatus, N. alponensis and N aff,
millecapr (SBZ 13y N, wranenxis (SBZ 13 and base of SBZ 14); and a N
howssaci-lorieli morphotype characteristic of biozone SBZ 14 (lowermost
middle Lutetian).

9. Magnetostratigraphy
9.1. Sampling and methods

Sampling for magnetostratigraphy was conducted throughout a 700 m thick
interval of the Gorrondatxe section, A total of 65 unique sampling sites were
obtained, comprising 2 to 3 hand-samples per site. Paleomagnetic sampling
wis basically restricted o the hemipelagic lithologies {mostly grey marls and
marly limestones), which are potentially more suitable facies regarding
paleomagnetic behaviour in comparison with turbidites. Hand-samples were
oriented in situ with a compass and subsequently standard cubic specimens
were cut in the laboratory for analysis. Natural remanent magnetization
(NRM) and remanence through demagnetization were measured on a 206
Enterprises DC SQUID high-resolution passthrough cryogenic magneto-
meter {manufacturer noise level of 10?7 Am?) operated in a shielded room at
the Istitwto Nazionale di Geofisica ¢ Vulcanologia (INGV) in Rome, Taly. A
Pyrox oven in the shielded room was used for thermal demagnetizations and
alternating field (AF) demagnetization was performed with three orthogonal
coils installed inling with the cryogenic magnetometer.

Paleomagnetic analysis was conducted on 116 specimens corresponding
to 1 or 2 specimens per sampling site. Progressive stepwise alternating field
{AF) demagnetization was routinely used and applied after a single heating
step to 150°C. AF demagnetization included 14 steps (4, 8, 13, 17, 21, 25,
30, 35, 40, 45, 50, 60, 80, 100 mT). Characterisuc remanent magnetizations
{ChRM) were computed by least-squares fitting (Kirscuvisg 1980% on the
orthogonal demagnetization plots (ZupERvELD 1967). The ChRM decli-
nation and inclination for each sample has been used o derive the lattude of
the virtual geomagnetic pole (VGP), This parameter has been used as an
indicator of the polarity (normal polarity for positive VGP lattudes and
reverse polarity for negative VGP latitudes).

9.2, Results

The NRM intensities are on the order of 0.1 mA/m, usually decreasing 1o
50 % or less at 150°C (Fig. 13). The characteristic remanent magnetization
{ChRM) is conventionally defined as the linear segment trending towards the
origin of the demagnetization diagram. Normally (class A samples), the
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Sample N Dec. Ine. kg Sumple N Dec. I kg
GroupN 21 3800 -156 44 163 Mormal 23 3441 3285 59 147
GroupR 46 1820 09 43 115 Reverss 46 1923 164 6% K7
All 68 MKl A8 43 98 All (T R T T NV R F 4

Fig. 14. Equal-arca projections of the ChRM directions before (in-site) and afrer
bedding correction. The 95 % confidence ellipse for the normal and reverse mean
directions is indicated. Statistical information is given (N, number of samples; Dec.,
declination; Inc., inclination; k, Fisher's precision parameter; wgs, radius of the 95 %
confidence cone).

ChRM component can be isolated above 13-17 mT after removal of a
viscous secondary component at low fields that conforms to the recent
Earth’s magnetic Meld in geographic (in-situ) coordinates, The ChRM com-
ponent most likely resides in a low-coercivity mineral like maghemite or
magnetite although a minor contribution of a higher coercivity mineral (iron-
sulphide, hematite?) cannot be ruled out considering that in some instances
(Fig. 13¢ and g) the ChRM is not fully demagnetized at the highest applied
magnetic field (100 mT). The ChRM components present either normal
(Fig. 13a-b, d-e) or reverse (Fig. 13¢, f~i) polanty in bedding-corrected
coordinates (Fig, 14). In a few cases, the calculated ChRM has been regarded
as unreliable (class B samples) (Fig. 15). We consider the demagnetization
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Fig. I5. Stratigraphic variation of the ChRM directions and virtual geomagnetic pole
(VGiP) latinde and interpreted magnetic polanty stratigraphy plotied on a lithologic
log of the Gorrondalxe section.

behavior as unsuitable for magnetostratigraphic interpretation in 30 % of
the analyzed specimens (class C samples) which mostly relate 1o very weak
samples (Fig. 15). The magnetostratigraphy is based on Class A samples
{Fig. 15).
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The reversal test of McFappex & McErammy (1990) has been per-
formed on the ChRM components in order to assess the antipodality of the
normal and reverse populations (Fig. 15). This test classifies a “positive’
reversal test on the basis of the angle v, between the mean directions of the
two scls of observations at which the null hypothesis of a common mean
direction would be rejected with 95 % confidence (class "A" il yes 5% as "B if
5%y = 10° as *C il 10° s v, = 20° and ‘Indeterminate’ if y, > 20°). The
ChRM data for the Gorrondatxe section passes the reversal test as class
Cye = 16.2°).

The primary nature of the ChRM is supported by: 1) the presence of a
dual-polarity ChRM in addition to the low temperature present-day ficld
overprint; 2) an unrealistic shallow mclinatnon before bedding correction
{Fig. 14) (e.g. not compatible with any geomagnetic Cenozoic field direction
for Theria); 3) changes in polarity do not seem 1o be lithologically comtrolled.

The VGP lattude derived from the ChRM directions yields a succession
of four magnetozones (two normal and two reverse). The lower normal
magnetozone, which correlates with planktonic foraminifer zones P9 and
E7, calcareous nannofossil zones CP11-CP12a, and larger foraminifer zone
SBZ12 can be direcily correlated to ¢hron C22n. The overlying reverse
magnetozone is correlated to chron €211 based on its stratigraphic position
above the interval interpreted as chron C22n and on the basis of calcareous
nannofossil and nummulitid biostratigraphic data. The succeeding normal
and reverse magnetozones correspond 1o chrons C21n and C20r, respect-
ively, on the same basis.

10. Discussion
10.1. Positioning the Ypresian/Lutetian boundary

All the events traditionally used to place the Ypresian/Lutetian boundary
(1.e., the planktonic foraminifer P9 (= E7} / P10 (= E8) Zone boundary:
the calcareous nannofossil CP12a / CP12b Subzone boundary; the larger
foraminifer SBZ12 / SBZ13 Zone boundary; and the boundary between
magnetic polarity chrons C22n and C21r) have been identified in the
Gorrondatxe section (Fig. 16). However, a comparison of the Gorrondatxe
data with the standard biomagnetostratigraphic scheme shown in Fig. |
evidences that all these events, previously comsidered as simultaneous,
actually occur at very different levels, A concomitant consequence arising
from that observation is that before selecting a section to place the Ypresian/
Lutetian boundary stratotype, the criterion to identify this boundary should
be precisely defined. A first step should be the deseription of the succession
of the events that charactenizes the Ypresian/Lutetian boundary interval,
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right-hand box.

which in this work has been informally considered as exiending from the FO
of D sublodeensis 1o the FO of hantkeninids, Evaluating the pros and cons,
and evaluating the usefulness of each of these events is beyond the scope of
this paper, as this decision is the domain of the International Subcommission
on Paleogene Stratigraphy (ISPS). Therefore, only the relative position of the
different events suitable to be selected as “official” markers of the Y/L
boundary, and their correlation with other zonal scales, will be highlighted
below,

The 1ops of magnetic polarity chron C22n and larger foraminifer Zone
SBZ12, previously used to define the Y/L boundary by magnetostratigra-
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phers and paleontologists working with larger foraminifera respectively,
are not preserved in the Gorrondatxe section due to a fault at 900 m of the
succession (Fig. 16), However, these events are found 1o occur within cal-
careous nannofossil Zone CP12a, as already shown in the standard corre-
lation scheme (Fig. 1), within planktonie foraminifera Zone E7 (= P9), and
seem to be approximately coeval with the FO of the planktonic foraminifer
I frontosa.

The FO of 8. inflatux is the most suitable calcareous nannofossil marker
event to characterize the Y/L boundary, having the additional advantage of
preserving the current concept of the Lutetian stage. In fact, calcareous
nannofossil studies carried out in the original Lutetian stratotype in Paris
provided an assemblage indicative of Zone CP12b (Ausry 1986), whose
base is marked by the FO of 8. inflatus. In the Gorrondatxe section that event
is well constrained at 969 m, and occurs within the upper part of chron C21r,
the planktonic foraminiferal T fromtosa Biozone (upper part of E7), and
within larger foraminiferal zone SBZ 13 (Fig. 16). Several additional cal-
careous nannofossil events have been identified slightly lower and higher in
the succession (Figs. 4, 16). Relatively close to the FO of B. inflafus we
found the FO of T frontosa, poorly documented in the Gorrondatxe section
due to the fault at 200 m, and the FOs of Gif. micrs and M. gorrondiatvensis
al 1083 m.

Bascd on planktonic foraminifera, the Ypresian/Lutetian boundary is
marked by the supposedly simultaneous FOs of specimens belonging to the
penus Hantkening and . muttalli (BERGGREN & Prarson 2005) (Fig. 1),
However, these events are very distant from each other in the Gorrondatxe
section (Figs. 8, 16). The FO of G. murtalli is recorded at 1185 m, relatively
close to the FO of A, praetopiiensis at 12085 m. These two events occur at
the uppermost part and at the upper boundary of chron C21 n, respectively:
in the middle part of calcarcous nannofossil Zone CP13a, which extends
from 1107 to 1269 m; and within the upper part of larger foraminifer Zone
SBZ13. The FO of hantkeninids is recorded at 1433.5 m, being correlatable
with chron C20r, calcareous nannofossil Zone CP13b, and larger fora-
miniferal Zone SBZ 14. However, in accordance with the opinions of OwuE-
Erxenariia & AreLiantz (1985), Prisolr Siva & Boerssma ([988),
Coxare et al, (2003) and Bercoren & Pearson (2005), the FO of
hantkeninids in the Gorrondatxe section might probably be younger than
their effective first appearance in the stratigraphic record. It should be noted,
however, that the FO of hantkeninids well afier the FO of G, metralfi has also
been reported in other areas (e, ., PREMOLI=S1vA et al. 2003).
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10. 2. Suitability of the Gorrondatxe section for the GSSP of the
base of the Lutetian

The Gorrondatxe section satisfies most of the infrastructural, biostratigra-
phic and geological requirements listed by the International Commission on
Stratigraphy (1CS) (Remang et al. 1996], as demonstrated above. In parti-
cular, the great sedimentary thickness is one of the most outstanding features
in favour of selecting the Gorrondatxe section as the GESP of the base of the
Lutetian. Table 1 shows the thicknesses of selected biostratigraphic and
magnetostratigraphic zones in the Y presian/Lutetian boundary interval of the
Gorrondatxe section and in other well-documented successions, some of
which have already been proposed as candidates for the GSSP of the base of
the Lutetian, Table | readily demonstrates that the Gorrondatxe section is
much thicker than all the other sections, a feature that indicates a much
higher sedimentation rate. Hence, successive biostratigraphic and magneto-
stratigraphic events are better individualized in the Gorrondatxe section and
their chronological succession can be more easily established than in all
other sections that have been described until now (Fig. 16). Such a great
thickness is the result of abundant intercalations of turbiditic beds {(Figs, 3,
16). However, these turbidites do not diminish the switability of the Gorron-
datxe section as a candidate for the GSSP of the base of the Lutetian, since
they are genernlly extensive, tabular-shaped and flat-based, recording there-
fore the effect of turbidity currents with low erosive capacity, which did no
cause any significant disturbance on the sea floor. Quite to the opposite,
some of these wrbidity currents supplied abundant nummulitids, allowing
thus the improvement of the correlation between larger foraminiferal and
caleareous planktonic biostratigraphic zonations. Since larger foraminifera
are transitional between open manne and terrestrial faunas, they could
eventually prove invaluable for the correlation of biostratigraphic zonal
schemes based on open marine planktonic organisms with those from
continental areas,

The only problem with the Gorrondatxe section is the fault located at 900
m. In fact, the wps of chron C22n and larger foraminiferal zone SBZ12 are
not preserved in the Gorrondatxe section due to that fault (Fig. 16}, There-
fore, in the case of selection of either of these two events as marker event for
the Ypresian/Lutetian boundary, the Gorrondatxe section would not be an
appropriate candidate for the corresponding GSSP. It should be noted, how-
ever, that these two events are now known to be older than the base of the
original Lutetian stratotype in Paris,

If the base of Zone CP12b {marked by the FO of 8. inflatux) were chosen
as the Ypresian/Lutetian boundary marker event, the Gorrondatxe section
should be considered as a firm candidate for the GSSP, since that event has
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been accurately located and correlated with other scales (Fig. 16). Based on
the same line of reasoning, the same conclusion would be also valid, if the
base of planktonic foraminiferal Zone E8 (marked by the FO of G, nustalli,
and supposedly correlatable with Zone P10 as marked by the FO of hant-
kenimids ) would be the selected marker event.

11. Summary and Conclusions

A high-resolution multi-disciplinary study, including physical stratigraphy
(lithostratigraphy, sequence stratigraphy and magnetostratigraphy) and
biostratigraphy (calcareous nannofossil, planktonic foraminifer and larger
foraminifera), has been carried out in the 700 m thick uppermost Y presian
lower Lutetian interval of the Gorrondatxe section. The results show that the
different evems traditionally used to place the Ypresian/Lutetian boundary,
hitherto thought to be virtually simultaneous (i.e., the planktonic foramini-
feral P9 (= E7)/ P10 (= ER) zonal boundary; the calcarcous nannofossil
CP12a/CP12b subzonal boundary; the larger foraminiferal SBZ12/ SB£13
zonal boundary; and the boundary between magnetic polarity chrons C22n
and C21r). actually occur at very different levels. Therefore, before con-
sidering any section o place the Ypresian/Lutetian boundary stratotype, the
International Subcommission on Paleogene Stratigraphy should decide on
the criterion to precisely define this boundary. To this end, the succession of
events pinpointed in the Y presian/Lutetian boundary interval of the Gorron-
datxe beach section might prove to be a useful database (Fig. 16).

The Gorrondatxe section fulfils most of the infrastructure, biostrangra-
phic and geological requirements required of a prospective stratotype section
by the International Commission on Stratigraphy. In addition, the great
sedimentary thickness, which implies a deep-marine sedimentation rate
about ten times higher than in other Ypresian/Lutetian boundary sections
{Table 1), provides the Gorrondatxe section an additional value, as it offers
the opportunity to chronologically order successive biomagnetostratigraphic
events more precisely than elsewhere. The only drawback with the Gorron-
datxe section is that the “true” tops of chron C22n and larger foraminiferal
Zone SBZ12 are not preserved due to a fault. Otherwise, all other possible
Ypresian/Lutetian boundary marker events have been precisely pinpointed
in the Gorrondatxe section. Therefore, we consider that, once the criterion to
define the Ypresian/Lutetian boundary is selected, the Gorrondatxe beach
section should be considered as a firm candidate to place the Global Strato-
type Section and Point of the base of the Lutetian Stage,
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