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The GSSPor the base of the Lutetiatage (early/ European regional stages, such as the Cuisian, Paniselian, Bruxellian
middle Eocene boundya)is defined at 167.85 mefin and Biarritzian, were defined at, or close to, the lower—-middle Eocene

. . . . transition, but are now disused (De Geyter et al., 2006).
the Gorondatxe sea-cliff section (NW of Bilbao gity According to Luterbacher et al. (2004) andi8baut (2006), the

Basque Couny; northern Spain; 43°22'46.47" N, 3° 00" ypresian sage was introduced by Dumont in 1849 to include the
51.61" W). This dark marly level coincides with the lowestclayey and sandy shelf-facies strata lying between the terrestrial to

occurence of the calcaous nannofossiBlackites maiginally marine Landenian deposits and the marine Brusselian sands

inflatus (CP12a/b boundary), is in the middle of polarity " Belgium (Figure 1). Latein 1851 Dumont attributed the upper
sandy part of the historic&lpresian to the Paniselian and restricted

Chron C21rand has been interpted as the maximum- theYpresiansensu stricto to th¥per Clay of western Belgium and
flooding surface of a depositional sequence that may bes equivalents. Consequentte extent of th¥presian-Paniselian
global in extent. The GS%ge is appoximately 800 kyr  has been a major point of discussion for over a ceriMhether

(39 precession cycles) younger than the beginning ofPumont (1850) included th&alter Sand Formation in the historical

. . . Ypresian cannot be ascertained. Howeeecording to ®urbaut
polarity Chion C21r or ~47.8 Ma in the GTS04 time (2006) today théalter Formation is included within the Paniselian

scale. The pposal was apmved by the International  ang thus in the standaitpresian Sage. Biostratigraphicallythe
Subcommission on Paleogernimggraphy in Febuary Ypresian is well constrained by its dinoflagellate cyst and calcareous

2010, appoved by the International Commission of nannoplankton associations (e\@ndenbeghe et al., 1998). It is

. : o characterized by the Martini (1971) nannoplankton zonesINP1
Sratigraphy in Januay 2011, and ratified by the Inter NP12, NP13 and the base of NP14, including an acrbésobaster

national Union of Geological SciencesApril 2011. sublodoensi@ theAalter Sands (®urbaut, 1988, 2006)t&urbaut
(1988) also found the acme of D. sublodoeirsitie basal deposits

Introduction: The Ypresian and Lutetian of the Brussels Sand Formation, showing that the lower part of this
unit is also included within thépresian. Hooybgihs (1992) studied

Sandar d Sage Sr atOtyp% two sections of the basal Brussels Formation in the Brussels-Leuven
area, which yielded planktic foraminifera attributable to P9
TheYpresian and Lutetian are the global standard stages of thé€=Acarinina aspensis) of Blow (1979) in one of the sections and to
lower and middle Eocene (Jenkins and Luterbach@®2). Other P10 (sTurborotalia frontosa) in the otheMagnetostratigraphic
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PARIS BASIN HAMPSHIRE BASIN (Oise, Paris Basin), where common and
well-preserved calcareous nannoflora were
E— recovered except from the upper levels. In
' this sectiorDiscoaster sublodoensigcurs
with Rhabdosphaera inflaté=Blackites
inflatus) in the lowermost sample, thus
defining Subzone CP12b. Nevertheless,
according to &urbaut (1988) the basal
Lutetian “Glauconie Grossiére” is part of
nannofossil Subzone CP12a, as defined in
— Berggren et al. (1995), because it contains
D. sublodoensisbut noB. inflatus The
e same is true for the so-called “Brusselian”
----- o deposits of Belgium, which have been
Lower equated with the “Glauconie Grossiére”. In
the Shallow Benthic foraminifera Zonation
(Serra-Kiel et al., 1998) the base of the
Lutetian is placed at the base of the SBZ13
Zone.According to Cavelier and Pomerol
(1986) the lower Lutetian corresponds to
i the Nummulites laevigatuand Alveolina
stipes zones, and the middle Lutetian is in
the Alveolina munieriand Alveolina
Western Belgium Brussel ~ Leuven prorrecta zones.According to the same

f__"'"""“x /\76_UNGER B ~—— authors, the AlveolinglongataZone

characteristic of the Biarritzian s.s.
(Hottinger and Schaub, 1966) entirely
within the upper Lutetian. Howevenost
authors place now the Biarritzian s.s. (i.e.
the Alveolina elongataZone, SBZ17) in
the basal part of the Bartonian (e.g. Serra-
Kiel et al., 1998; Serra-Kiel et al. in
Hardenbol et al., 1998; Luterbacher et al.,
2004).With regard to magnetostratigraphy

- no data are available from the historical
Figure 1. Chronostratigraphic framework of historical, stratotypipresian/Lutetian areas | ytetian stratotype area, but its basal
in Northern Europe. deposits were correlated with the Earnley

Formation of England (Fig. 1), the base of

studies (Ali and Hailwood, 1995) correlate the lower and middle which corresponds to Chron C21r (Aubry et al., 1986).
Ypresian interval with polarity Chrons C2@22r; unfortunatelythe
uppermost deposits of thépresian interval did not yield reliable
magneto-stratigraphic resuléccording to Cavelier and Pomerol T he Ypresian/L utetian Boundary
(1986) the lower part of thépresian correlates with the middle and .
late llerdian, whereas its upper part includes the entire Cuisian an(yvor Ki ng GI’OUp
extends beyond it.

The Lutetian was defined by De Lapparent in 1883 and is typified ~ The International Commission otr&igraphy (ICS) requires that
by the “Calcaire grossier” of the Paris Basin (Fig.The stratotype its Subcommissions ganize working groups to choose a Global
was selected by Blondeau (1981) approximately 50 km north of ParisStratotype Section and Point (GSSP) for each international
at 8. Leu d’Esserent and.%aast-les-MelloThe Lutetian stratotype  chronostratigraphic boundafjhe International Subcommission on
contains lager foraminifera, palynomorphs and calcareous Paleogenet®tigraphy (ISPS) decided to set up a working group to
nannoplanktonAccording toAubry (1983, 1995) the base of the select a GSSRor the base of the Lutetiantdge and appointed
Lutetian is within the nannoplankton NP14 Zone of Martini (1971) Eustoquio Molina to be its chairman in 1992eYpresian/Lutetian
and near the boundary between CP12a/CP12b Zones of Okada armbundary stratotype has to be defined at a level equivalent with the
Bukry (1980), extending to zones NP15 and the lower part of NP16.base of the Lutetian, which is the lowermost standard stage of the
According toAubry (1986), only very poorly preserved calcareous middle Eocene (Jenkins and Luterba¢he392).The boundary
nannofossil assemblages were recovered from the beds that represesitatotype must be defined by a lithostratigraphic level coinciding
the Lutetian neostratotype. Betfaeserved and richer assemblages with an easily correlatable event that allows correlation, in a suitable
were recovered from correlative sections (Blondeau et al., IB&).  marine continuous section, preferably out of the Paris basin where
Lutetian is well exposed in the inactive quarry of ChaumonteirV the Lutetian stage was defined, since the Lutetian in the Paris basin is
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a sedimentary sequence between two hiatuses. Consequieatly Atlantic Ocean and in northern Europe (Aubt995; Payros et al.,
GSSP has to be located in a deep-water section with minimal evidenc2009b).
of disturbance, transport and erosion. Using the biomagnetostratigraphic information available from the
Since 1992 the most active members of the working group visitedYpresian deposits of Belgium (see above), it was concluded that the
and sampled several sections in ltiyael Tunisia, Morocco, Mexico upper part of th&presian corresponds to the calcareous nannofossil
andArgentina, but unfortunately none of the studied sections wasSubzone CP12a (including an acme of Discoaster sublodpensis
considered a good candidate. In Spain many sections were visitethat it is coeval with part of the Brussels Formation, which yielded
and sampled in the Betic Cordillera (Alamedifgost, Fortuna, etc.)  planktic foraminifera attributable to P9Agarinina aspensis) and
and in the Pyrenees (Anotz, Campo, Erro, Gorrondatxe, GetariaP10 (Turborotalia frontosg of Blow (1979). Consequentlthe base
Osinaga, Otsakaetc.). Most of these Betic and Pyrenean sections of the time interval in which the Lutetian GSSP should be defined is
are not ideal, as they have hiatuses, restricted facies, tectonidelimited by the acme &. sublodoensiand by the lowest occurrence
complications and other problems (Gonzalvo et al., 2001; Payros ebf T. frontosa.
al., 2006). The Fortuna section was considered a leading candidate The upper limit of the boundary interval should be the base of
for some years, but the boundary interval is very condensed (Molinahe Lutetian &&ge stratotype, which is typified by the SBZ13
etal., 2006) and later it was not considered a suitable section to defineENummulites laevigatyZone of lager foraminifera. Its age on the
a GSSP calcareous nannofossil scale is more ambiguous, as the basal Lutetian
Finally, we focused our &firt on the study of the two most suitable deposits from Chaumont-ere¥in were included in the CP12b
sections to define the Lutetian GSSP: figost and Gorrondatxe  (=Rhabdosphaera inflata Blackites inflatus Subzone byAubry
sections. In both sections, thefdient events traditionally used to  (1986), but those from the “Glauconie Grossiere” were included in
place therpresian/Lutetian boundamyreviously thought to be almost  the CP12a Subzone byeSrbaut (1988)The presence or absence of
simultaneous, occur at very fdifent levelsThe lowest occurrence  B. inflatus in the basal Lutetian was long discussed during the Getxo
of Hantkenina nuttalli frequently used by planktic foraminiferal ~Workshop. Due to the methodological principle that an absence is
specialists to mark this boundary (Bgren et al., 1995), is younger not as certain and rigorous as a presence (“absence of evidence is not
than the base of the Lutetian in the Paris Basin, according to the newvidence of absence”), it was considered that the abseBcmbatus
data from thedgost section (Molina et al., 2000; Larrasoafia et al., in the “Glauconie Grossiére”, as reported gugbaut (1988), is not
2008; Ortiz et al., 2008) and the Gorrondatxe section (Orue-Etxebarrias significant as the presenceBofinflatus in the lowermost sample
et al., 2006; Bernaola et al., 2006b; Payros et al., 2006, 2007, 2009a&f Aubry (1986) in Chaumont-ene¥in.
2009b). The closest event to the base of the historical Lutetige S Taking everything into account, it was concluded that the Lutetian
seemed to be the lowest occurrence (LO) of the calcareous nannofossBSSP should be defined within, or preferable at the top of, the short
Blackites inflatusat the base of Subzone CP12b (Aulii§86).The interval (ca. 550 kyraccording to Payros et al., 2009a and1201
integrated magnetobiostratigraphic studies carried out aghst between the top of thépresian (near the LO dtirborotalia frontosa
and Gorrondatxe sections provided conclusive evidence that bottand acme of Discoaster sublodoehsiad the base of the Lutetian
sections are almost continuous and contain diverse and well-preserveghear the LO oBlackites inflatus being therefore fully included
fossil groups. within Chron C21rThis implies that some of the criteria traditionally
used to approach tipresian/Lutetian boundary (e.g. the C22n/C21r

; Chron boundary and the first occurrences of hantkeninids and
The Getxo-2009 Final Wor kShOp Guembelitrioides nuttalli) have to be definitely abandoned.

After nearly 20 years of active research on Wpresian/
Lutetian boundaryaWorkshop was held in Getxo (Biscay province,
Basque Countrynorthern Spain) in September 2009, which was In order to fulfil the chronostratigraphic principle that the base of
attended by 17 researchers of Werking Group (Orue-Etxebarria  the upper stage defines the boungdimyas decided that the Lutetian
et al., 2009;http://wwwehu.es/paleogene/getxo2009/Home. GSSP should preferably coincide with an event that, being included
html). Three main topics were presented and discussed in thewithin theYpresian/Lutetian boundary interval, is as close as possible

Primary and secondary correlation criteria

workshop. to the base of the Lutetiatage stratotype.
All the events near the base of the Lutetian stratotype were
The Ypr esian/L utetian boundary interval discussed and it was finally concluded that the LBlatkites inflatus,

marker of the base of CP12b Subzobest defines th¥presian/

The first objective of the workshop was the delimitation of the Lutetian $age boundary because this event is the closest to the base
time interval in which the GSSP should be defined. It was conceptuallyof the Lutetian historical stratotype of Paris. In support of this
agreed that the Lutetian GSSP should be placed somewhere in theonclusion,Nummulites laevigatus occurs in the lower Lutetian
interval between the top of the historidgdresian &age defined in deposits of Paris and, similarlin Gorrondatxe the first lger
Belgium and the bottom of the historical Lutetialage stratotype  foraminifera sample above the LO Bf inflatusalso contains the
defined in ParisA major problem to this end is the scarcity of first N. laevigatusEven in the case that it is eventually demonstrated
continuous sections at thieresian/Lutetian transition due to thegiar thatB. inflatusappears above the base of the LutettageSstratotype,
offlap/sea level fall event that cuts out part or all of the NP13/14 using this species as a marker would not be a problem because the
calcareous nannofossil interval in many secti@unsequentlythe GSSPwould be defined very close to the base of the LutetiageS
Ypresian/Lutetian boundary interval is represented by a hiatus in most It was also concluded that the LOBf inflatus allows reliable
sections worldwide. For example, this hiatus is very common in theglobal correlation of the base of the Lutetian, actually being the best

June 201



89

correlation criterion around thépresian/Lutetian transition, as Ypresian/Lutetian boundary intervallhe advantages and
Blackites inflatus occurs in dérent paleogeographic areasiiland disadvantages of both sections were discussed, concluding that the
Monechi, submitted) and in numerous sections and deep-sea holeSorrondatxe section is more suitable to define the GB&Pvoting
(i.e: Monechi andhierstein, 1985; Bown, 2005; Larrasoafia et al., was oganized on September 26, 2009 and the result was unanimous
2008; Payros et al., 201Siesser and Bralowet992; McGonigal in favour of Gorrondatxe. Consequentlye proposal was accepted
and Wise, 2001; Mita, 2001; BraloweR005). Due to its wide by the 17 members of thépresian/LutetianNorking Group who
distribution B. inflatus seems to be present in 1sbare and deep  attended th&/orkshop, defining the GSS&r the base of the Lutetian
sea sediments. Furthermore, in agreementWihandwise (1990) at meter 167.85 of the Gorrondatxe section in a dark marly level
theBlackites spinosus group (including any specieBlatkites and where the nannofossil Blackites inflatbas its lowest occurrence,
Rhabdosphaera) is not a latitudinally controlled group and may beapproximately 47.76 Ma ago according to Payros et al1{201
affected by factors other than temperatditee LO of B. inflatus has
the additional advantage of coinciding with an interval that .
corresponds to the maximum flooding of a depositional sequenceThe Gorrondatxe Section
that may be eustatic in origin and global in extent, allowing thus
sequence stratigraphic correlation of the Lutetian GSSP level with  Located just northwest of the city of Bilbao (Biscay Province,
shallow-marine, transitional and even terrestrial successions (PayroBasque CountrySpain), the Gorrondatxe beach section (Lat. 43° 22
et al., 2009b). 46"N, Long. 3°00'51"W) is part of a 2300-m-thick lowgresian to
Alternative correlation events were also considefég LO of upper Lutetian succession (from 800 m to 1500Ting. 700-m-thick
Discoaster sublodoensiwas considered too low to define the Gorrondatxe section isfatted by a fault 100 m above its base, but
Ypresian/Lutetian boundary because it appears within Chron 22nthe Ypresian/Lutetian boundary interval (as defined above) is
which is clearlyypresianThe C22n/C21r Chron boundary was ruled completely preserved above the fault, as it extends from 109 m to
out on the same basiEhe LO of Trborotalia frontosa, which is 167.85 m, the latter corresponding to the G&S/fel. The whole
slightly younger (basal C21r), was also demonstrated to be includeduccession is well exposed in coastafli#bout 50 m high, where
in the historica¥presian stratotype (see above) and, therefore, is toothe beds dip approximately 60° SB6me parts are partly covered by
low to mark the base of the Lutetian. Planktic foraminifera were not scattered vegetation, but a complete composite section can be easily
considered decisive because of their scarcity in the Lutet@geS  reconstructed by correlating characteristic key beds that can be traced
stratotype in Paris. Howevéahe sequence of planktic foraminiferal and/or recognized along the outcrops from both the bottom and the
events at the/presian/Lutetian transition was established. top of the clifs (Fig. 2).
Interestinglythe studies of thépresian/Lutetian Bounda®/orking During Eocene times the area formed part of the bottom of a
Group have demonstrated that the lowest occurrendamtkenina, 1500 m deep marine gulf that opened into Alleantic Ocean at
frequently used by planktic foraminifera specialists to approach theapproximately 35° N latitudélhis area received sediments from
base of the Lutetian, is about 4.5 Myr younger than the IRIagokites several sources, notably pelagic carbonates, calciclastic turbidites
inflatusand therefore much younger than the true base of the Lutetiarderived from northern sources, and siliciclastic turbidites coming from
(Bernaola et al., 2006b; Orue-Etxebarria et al., 2006; Payros et al.northern and eastern sourcBsus, distinctive lithostratigraphic units
2006, 2007, 2009a, 2009b, AQ1 arrasoafia et al., 2008; Ortiz et al., were formed (Fig. 2A)The 700-m-thick succession exposed at the

2008; Rdgl and Egge?010; Jovane et al., 20M¥ade et al., 20Q1). Gorrondatxe beach is part of the so-called Sandy Flysch and is
composed of alternating pelagic limestones and marls, interspersed
Selection of the L utetian GSSP with thin-bedded (<15 cm) siliciclastic turbidites and thick-bedded

mixed calciclastic-siliciclastic turbidite3he stratigraphic interval

The discussion sessions during the G&%ookshop showed that  that contains the GSSP of the base of the Lutetian (from 100 m to
the series of events across ¥Wpgesian/Lutetian boundary is similar 220 m as measured from the base of the succession exposed at the
in the two proposed candidate sectigkgost and Gorrondatxe. Few  Gorrondatxe beach) is mainly characterized by alternations of pelagic
of the other aforementioned sections and deep-sea holes report a gotichestones and marls, turbidites commonly being just a few
biomagnetostratigraphic correlation, buglly support and confirm  millimetres thick (Payros et al., 2009@his allowed identification
the Gorrondatxe results. Furthermore, a new biostratigraphic revisiorof the sedimentary signal of astronomical eccentricity and precession
of the Bottaccione reference section in Italy confirms, as observed ircycles.
the Gorrondatxe section, the position of the L@oinflatusin the The pelagic deposits are very rich in well-preserved microfossils
second half of the C21r ¢fi and Monechi, pers. commThe same and yield a primary paleomagnetic signal suitable for
sequence was also found in many other sections worldwide (Payrosagnetostratigraphic interpretatiofherefore, this succession has
et al., 2007), showing that all the events found atAgest and previously been the subject of several sedimentological, sequence
Gorrondatxe sections are coeval (there is no interregional diachronyytratigraphic, cyclostratigraphic, magnetostratigraphic and
and that both sections are continuous (no hiatus). Nevertheless, sonpaleontological studies, including calcareous nannofossils, planktic
events that appear as almost coevapaist are actually far separated foraminifera, lager foraminifera, smaller benthic foraminifera,
at Gorrondatxe, demonstrating that the Gorrondatxe section is morestracods, dynoflagellates and ichnofossils (Orue-Etxebarria et al.,
expanded. In fact, the cl tm/kyr sedimentation rate of thpresian/ 1984, 2006, 2009; Orue-Etxebarria, 1985; Orue-Etxebarria and
Lutetian boundary interval at Gorrondatxe is the highest ever recorded\pellaniz, 1985; Rodriguez-Lazaro and Garcia-Zarraga, 1996;
by theYpresian/LutetiaiWorking Group members (Bernaola et al., Bernaola et al., 2006a, 2009b; Payros et al., 2006, 2007, 2009a, 2009b,
2006b). Furthermore, this section allows sequence stratigraphic an@011; Rodriguez-dvar et al., 2010; Ortiz et al., 201 Clay mineral
cyclostratigraphic calibration of all the events that characterize theand stable isotope analyses are currently in progress.
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and record the &ct of turbidity
currents with low erosive capacity that
did not scour the pelagic deposits.
Payros et al. (2006) observed that
the turbidite-poor deposits are typified
by warm-water planktic foraminiferal
assemblages, whereas the turbidite-
rich deposits are characterized by
cosmopolitan, cool-water asso-
ciations. This correlation points
towards climatic variations as a
plausible driving mechanism for both
sedimentary and biotic changes
(Payros et al., 2009b), and allows
interpretation of the Lutetian GSSP
succession in terms of afpresian/
Lutetian depositional sequence driven
by sea-level changes (Fig. 3). Payros
et al. (2009b) further showed that
the Ypresian/Lutetian depositional
sequence can reasonably be correlated
throughout marine, coastal and
terrestrial deposits of the Pyrenees,
and with depositional sequences
worldwide (Haq et al., 1988; Plint,
1988; Vandenbeghe et al., 1998,
2004; Miller et al., 1998; Pekar et al.,
2005), correspondig to sequences 3.1
of Haqg et al. (1988) andfp10 of
Hardenbol et al. (1998). Furthermore,
these depositional sequences possibly
correlate with oceanic temperature
variations in several deep-sea sites
(oxygen isotope events Ei5 and
Ei6). These correlations suggest that
the Ypresian/Lutetian depositional
sequences might be the result of
climatically-driven eustatic sea-level
changes, therefore being globBhis
implies that the position of the GSSP-
basedYpresian/Lutetian boundary

Figure 2. (A) Location of the Gorrondatxe area (B) General view of the Gorrondatxe beach. Th# now be approached by means of
framed area shows the lower part of the succession. (C) Lower part of the Gorrondatxe sec{igfuence stratigraphyhe Lutetian

showing the main biomagnetostratigraphic event

Sequence stratigraphy and cyclostratigraphy

GSSP coincides with the maximum
flooding surface of the/presian/

Lutetian depositional sequence (Payros et al., 2009b).

High-frequency sedimentary cycles were also identified in the

Payros et al. (2006) showed that the 2300-m-thick Id{pezsian

Gorrondatxe section (Payros et al., 2007, 2009a). Recurrent pelagic

to upper Lutetian succession consists of six distinct intervals withlimestone-marl couplets and bundles were driven by 21 kiloyear (kyr)

variable amounts of turbidites (Fig. 3he turbidite content of three

precession and 100 kyr eccentricity astronomical cycles, respectively

intervals is low and they are called consequently “turbidite-poor”. (Payros et al., 2009aJhis allowed precise age dating of the multiple

The other three intervals are named “turbidite-richtie Lutetian

biomagnetostratigraphic events pinpointed at the Gorrondatxe section

GSSP isincluded in the middle part of the 2nd turbidite-poor interval (Fig. 4).The lowest occurrence @firborotalia frontosaand the acme

(967.85 m of the complete Eocene succession shown in Fig. 3, whiclof Discoaster sublodoensithe two coeval events that mark the top
corresponds to 167.85 m of the partial succession exposed at thef the historicalYpresian stratotype of Belgium, were found 26
Gorrondatxe beach)lhis interval is mainly characterized by precession couplets and 5.5 eccentricity bundles (546 kyr) below the
alternations of pelagic limestones and marls, the intercalated turbiditet utetian GSSRLO of Blackites inflatusCP12a/b).The lowest

commonly being tabuleshaped, flat-based and just a few millimetres occurrence oBlackites piriformiswas found to be 105 kyr (5
thick (Payros et al., 2009a)hese turbidites are therefore very distal precession couplets) older than the CP12a/b bouratatyhe highest
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Figure 3. Litholog of the Eocene succession exposed between Sopela and the Galea Cape (location in inset), whiok t@Xpresian/
Lutetian boundary succession exposed at Gorrondatxe (Geitival variations in abundance of pelagic and turbiditic depasftight-hand
graph; Payros et al., 2006) allow definition of depositional sequences and systems (&8t sequence boundary; LSIbwstand systems
tract; TST. transgressive systems tract; mfs: maximum flooding surface; HBi§hstand systems tract).

occurrence 0B. piriformisand the lowest occurrenceMdinnotetrina C21r magnetic polarity reversal and other older events, as these are
cristata approximately 115 kyr youngerThe C21r/C21n magnetic  separated by an unsolvable fault 68 m below the GB&efore,
polarity reversal was tentatively placed 15 precession coupletsminimum age estimates can only be provided for these evérgs.
(315 kyr) above the lowest occurrenc®oinflatus howeveranother C22n/C21r magnetic polarity Chron bounddocated 4 m below

24 m of succession are ambiguous magnetostratigraphiaéligh the fault (Fig. 4), was found to be more than 80 kyr older than the top
most likely imply another 192 kyr for Chron C21r and, hence, an ageof the historical'presian stratotype (defined by the acmBistoaster
difference of 507 kyr between the Lutetian Ga8&the C21r/C21n  sublodoensis as it was found more that 30 precession couplets
Chron boundaryOther much younger events dated with respect to (630 kyr) below the CP12a/b boundafe LO ofD. sublodoensis

the CP12a/b boundary are the LOMbrozovella gorondatxensis (marker of Subzone CP12a), an older event clearly placed within the
and Globigerinatheka micra (1.25 Myr younger), the LO of age range of the historicépresian stratotype of Belgium, was found
Nannotetrina fulgen§CP12b/13a boundar® Myr younger), the  to be more than 900 kyr older than the lowest occurrer@diaflatus

LO of Guembelitrioides nuttalE7/E8 boundar?2.5 Myr younger), In order to solve these uncertainties and integratéptfesian/Lutetian

the C21n/C20r boundary and the LO Axtarinina praetopilensis cyclostratigraphic framework within the geomagnetic polarity time
(2.7 Myr younger), the LO o€hiasmolithus gigagCP13a/b scale of Gradstein et al. (2004), Payros et al. {p@arrelated the
boundary 2.9 Myr younger), the highest occurrence (HO) of Gorrondatxe section with the nearby Otsakar seclibis section

Morozovella caucasicd3.4 Myr younger), the HO oM. had previously been rejected as candidate for the Lutetian GSSP due
gorrondatxensis (3.6 Myr younger) and the LOHzntkenina sp. to some tectonic problems. Howeyaifter solving the tectonic
(P9/P10 boundary of Bggren et al., 1995; 4.5 Myr younger). disturbance, a continuous record of pelagic limestone-marl couplets

The Lutetian GSSP at the LOBIackites inflatusn Gorrondatxe was reconstructed between the C22n/C21r Chron boundary and the
cannot be cyclostratigraphically calibrated with the underlying C22n/lowest occurrences ofufborotalia frontosa andB. inflatus
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Figure 4. Detiled cyclostratigraphic log of the Gorrondatxe succession that includesviiresian/Lutetian boundarywhich is marked by

the LO of B. inflatus (updated from Payros et al., 2009a). Grey beds: pelagic marl; blue beds: pelagic limestone; orange beds: turbidites
(only those thicker than 5 cm are depicted; the wider the bed, the thicker the turbidite, up to a maximum thickness of 20 cm in the 133 m
turbidite). Pc: 21 kyr precession couplet; Eb: 100 kyr eccentricity bundle. Biomagnetostratigraphiceaestshown in pink. Boxed blue
numbers are reference numbers painted on the outcrop in blue, and show the position of the numbered bed in the Eocene succession, the
base of which lies 900 m below this log.

Comparison of bioevents and couplet counts show that the limestoneassemblages are dominated by common to abuRegdictlofenestra

marl couplets had the same astronomical precession origin inrand Coccolithus with less commorkricsonia Sphenolithus
Gorrondatxe and Otsakarhirty-nine precession couplets were Zygrablithus andChiasmolithus, the latter increasing up section in
counted between the C22n/C21r Chron boundary and the lowesabundance and size.

occurrence oBB. inflatusin Otsakay suggesting a timelapse of The studied interval spans from the upper part of Zond @1
approximately 819 kyGiven the 48.599 Ma age reported by Gradstein Subzone CP13b where the following main biohorizons have been
et al. (2004) for the base of Chron C2dm age of 47.76 Ma can now found (Fig. 5):

be calculated for the CP12a/b bounddmging approximately 250  a) LO of Discoaster sublodoensis (CECP12a; NP13/NP14At

kyr younger than shown in Gradstein et al. (2004). Interestingly  the Gorrondatxe section the LODf sublodoensis was recorded
according to the precession cycle count combined from Gorrondatxe 40 m above the base of the succession and 128 m below the Lutetian

and Otsakar (Payros et al., 20hron C21r lasted 1.326 Mya GSSP From 40 to 90 m this taxon is rare to very rare, its
figure that is very similar to previous estimates by Gradstein et al.  preservation is usually pgoand transitional forms between D.
(2004) andWesterhold and Réhl (2009). lodoensis an®. sublodoensifave also been found. From 103.5

m upwardspP. sublodoensis is more common and the specimens
are better preserve similar abundance trend was also observed

Elements of Correlation by several authors and confirms titatsublodonesis is usually
rare in its lower range in many sections (Romein, 1979; Backman,
Calcareous nannofossils 1986, $eurbaut, 1988\gnini et al., 2006, Larrasoafia et al., 2008;

Payros et al., 2a).

A high-resolution sampling was carried out to detect with accuracy b) The LO of Blackites piriformisprecedes the LO dBlackites
the lowest occurrences of key calcareous nannofossil taxa, with special inflatus, the CP12b markeby 14 m.These two taxa could be
attention to that of Blackites inflatus, the main correlation criterion ~ confused in poorly preserved material, especially in samples where
of the Lutetian GSSRIl the studied samples from the Gorrondatxe re-crystallization is strondt the Gorrondatxe section, the range
section yielded moderately to well-preserved calcareous nannofossil of B. piriformisis very short. It first appears at 153 m and disappears
assemblages that occasionally show traces of dissolution and in lesser 34 m higher20 m above the GSShhis species is also rare and
extent re-crystallization. Preservation of calcareous nannofossils is sporadic in other well-preserved successions (Bown, 2005; Payros
frequently excellent and delicate structures and coccospheres are et al., 201).
usually present (Plate 1). c¢) LO of Blackites inflatugCP12a/CP12bAt Gorrondatxe section

The high diversity and total abundance of calcareous nannofossils we found the LO of Blackites inflatus at the selected GSSP level,
are remarkably regular throughout the succession with an average of 128 m above the base of Subzone CP12a and just 14 m above the
45 species per sample and 17 specimens per field of Viesv LO of Blackites piriformis Considering the sedimentation rate of

June 201



93

to mark the base of Zone
CP13.The LO of Nanno-
tetrina spp.,N. cristata
was found 20 m above the
LO of Blackites inflatus
hence in the lower part of
Subzone CP12b. In the
Agost section the LO of
Nannotetrinaspp. was
found together with the LO
of B. inflatus and the LO
of N. cristatain the sample
above (Larrasoafia et al.,
2008).

e) LO of Nannotetrina fulgens
(CP12b/CP13a; NP14/
NP15): In the Gorron-
datxe section the LO of
N. fulgensis recorded at
311 m, 143 m above the
Lutetian GSSPThis taxon
is rare in the lower part of
its range, but increases in
abundance from 446 m
upwards. Other biohori-
zons, such as the HO of
Blackites inflatus (Bukry
1973;Aubry, 1983;Varol,
1989; Larrasoarfia et al.,
2008) or the HO of
Discoaster sublodoensis
(Lyle et al., 2002), have
been used as alternatives
to approximate the base of
CP13 Zone.

f) LO of Chiasmolithus gigas
(CP13a/CP13b]this bio-
horizon, marked by the
first Chiasmolithuslarger
than 19 pm with a broad
distal shield and restricted
central opening spanned
by a relatively small x-

Plate 1. Microphotographs of key calcareous nannofosaitd for the biostratigraphic characterization of the Shaped structure with
Ypresian/Lutetian transition in Gorrondatxe; scale bar is 10 pm in all cas&sB: Discoaster sublodoensis sigmoid bars, is located
(from 65 m and 25 m below the GSSBspectively). C-FBlackites piriformis (C-D: 1 m above the GSSP; E- at474 m, 306 m above the
F: 7 m below the GSSP). G-IBlackitesinflatus (G-H: 1 m above the GSSP; I-J: 19 m above the GSSP; K-LLutetian  GSSP The
35 m above the GSSP). M-Mannotetrina fulgens (M: 241 m above the GSSP; N: 278 m above the GSSP)lighest occurrence @h.

O: Nannotetrina cristata (20 m above the GSSP). gigas has not been
detected, its presence

the Gorrondatxe section and the precession cycle count these 14 being continuous up to the top of the studied interval (Fig. 5).
m represent about 100 kifihe bed-by-bed sampling carried out
to detect the LO dBlackites inflatusmplies a sampling resolution
of about 2 kyr

d) LO of Nannotetrina spp.This biohorizon has occasionally been A total of 127 samples were collected, which were more closely
used to define the base of CP13 in sections where its marker taxospaced around the main biostratigraphic eveiitdevels contain
Nannotetrina fulgents very rare or absent, but the first occurrence a diversified assemblage of well-preserved planktic foraminifers

Planktic foraminifera

of Nannotetrina(N. cristatg is usually reported in CP12b (Perch- (Plate 2), which represent more than 90% of the total (planktic plus

Nielsen, 1985)Thus, we advise against the use of this biohorizon benthic) foraminiferal content.
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nuttalli, albeit smaller in size and lacking supplementary
sutural apertures, occur throughout this interval, which
might correspond to intermediate forms betw&ari
lozanoi and Gnuttalli (Toumarkine and Luterbacher
1985). This assemblage is included in tAearinina
bullbrookiBiozone, and is considered equivalent to part
of zones P9 of Beggren et al. (1995), E7 of Bggren
and Pearson (2005) and E7aNdde et al. (2Q1). This
interpretation is supported by the occurrence of
Planorotalites palmerae, marker taxon of Zone P9, 250
m lower in the succession (see Orue-Etxebarria et al.,
1984; Orue-Etxebarria arkpellaniz, 1985; Payros et
al., 2006).

The assemblage from the interval between 109 and
283 m (hence, including the Lutetian GSSP level at
167.85 m) is characterized Burborotalia frontosa,
Acarinina bullbooki, Pseudohastigerina micrégorina
broedermanni, Subbotina linaperta, Subbotina senni,
Globanomalina indiscriminata, Globanomalina
Gl planoconica, Moozovella caucasigaMorozovella
— @l craterand Mopzovella aragonensigccordingly, this
100 pm S interval has been included in tiierborotalia frontosa
Zone and is regarded as equivalent to the upper part of
Zone E7 of Beaygren and Pearson (2005) and to the
lower part of Zone E7b &Fade et al. (201). The lowest
specimens ofl. frontosaare very rare, their size is
smaller than that of the holotype and show a slightly
lower aperture than the typical morphotype (Plate 2C).
These characteristics change from 126 m upwards, as
specimens of Tfrontosa become progressively bigger
more abundant and their aperture becomes hidfner
this studythe specie&lobigerina fontosaSubbotina,
1953 and Globigerina boweri Bolli, 1957 are regarded
as synonymous, as itehforth et al. (1975) and Pearson
etal. (2006), and included withihfrontosaThe lowest
occurrence of. frontosa is the planktic foraminiferal
event that is closest to the base of the historical Lutetian
stratotype, therefore being the best planktic foraminiferal
proxy to approach the position of thipresian/Lutetian
boundaryIn Gorrondatxe this event lies 58 m (approx.
550 kyr) below the Lutetian GSSP

The simultaneous LOs ofMorozovella
gorrondatxensis and Globigerinatheka micra at 283 m
(115 above the Lutetian GSSP) mark the base of the
Morozovella gorondatxensiBiozone, which extends

Plate 2. Microphotographs of key planktic foraminiferadxa for the biostratigraphic
characterlgatlon of therreaan/Lqutlan .transmon m GorrondatxeA-D: 8ver 125 m. Pearson et al. (2006) includdd
Turborotalia frontosa (A and C: umbilical views of specimens that correspond, . .
. - orrondatxensign synonymy with Moozovella crater
respectivelyto the normal morphotypes and to the most primitive morphotypes found . .
. : . _O\ivever the M. gorrondatxensisspecimens diér
at the lowermost stratigraphic range of the species, 60 m below the GSSP; B: spiral ) ) .
. . ; ) L rom theM. crater specimens found in the underlying
view; D: lateral view); scale bar is 200 um in all cases. E-Globigerinatheka . .
. . . . . . . Ig’urborotalla frontosa Biozone. Morozovella
micra (E-F: umbilical views; G: spiral view); scale bar is 100 um in all cases. H-K;

. o ) . . . gorrondatxensisshows a lower umbilical side, less
M orozovellagorrondatxensis(H-1: umbilical views; J: lateral view; K: spiral view); . . .
: . marked muricae on the circumumbilical colland a
scale bar is 100 um in all cases.

smaller umbilicus tharM. crater. Given these

characteristics, Orue-Etxebarria (1985) suggested that
The lower 109 m of the succession present an assemblage typifie. gorondatxensigss homeomorph of the oldbtorozovella gracilis

by Subbotina linapertadGuembelitrioides” lozanoj Globanomalina Pearson et al. (2006) considered that the small-&#edmicramight

planoconica Pseudohastigerina micraviorozovella aragonensis be a junior synonym of the &r Subbotina sennHowever Gth.

Morozovella caucasicalgorina broedermanniand Acarinina micra is here regarded as an intermediate species beSvesamni

bullbrooki (Fig. 6). Specimens similar in shape to Guembelitrioides andGlobigerinatheka subconglobata, as its aperture is vefgreiit
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PLANKTIC FORAMINIEERA ) & 2 " - gorrondatxensis Zone mainly
5 § T8 3 E.2 § § = 2 correlates with the upper part of zones
S 8 SESREES ¥.8., = | & |8 E7b of Wade et al. (2a1) and E7 of
2 z S2238858058 S8 525 & L° Berggren and Pearson (2005) (equi-
S & ﬁ;aﬁﬁ% SE38 %Eégé‘ @ _|a|bic| valentto Zone P9 of Bggren et al.,
- AziSl 1<BBB-Z2Za<+-20d<T  _ | 1995), although its uppermost part
£ E = corresponds to Zone E8 (=P10he
<= | 2|%{ [ LO of Gth. micra in the upper part of
+ T Zone P9 was also reported by Premoli
j ) Silva et al. (2003).
= ° Azt409 _ Th.e LO of Acarinina praeto-
Az1396 pilensisat 408 m (240 m above the
Az1373 | Lutetian GSSP) marks the base of the
Az1357 0 homonymous biozone, which extends
Az1340 2| |®| over 225 mThe first specimens of the
izg;g 1 " % nominate taxon dfer from the
500 A:ﬂ.gz : g 13 holotype (Blow 1979) in that they are
P I = © slightly smaller and have a less distinct
o o f . .
) | ! T _ ke circum-cameral muricocarin@he HO
Az1246 : ::_x g of Morozovella caucasic# recorded
;o A2z 1 + S in the middle part of this zone (522 m),
- = Az1208,5 = : Whereas those dbubbotina |paeqU|-
S S I IO I O I I I I éf_ :.I:; || spira and M. gorondatxensisvere
Azit78 1 | x found in the upper part (574 njhe
Az1154 ) € o § Acarinina praetopilensiZone cof
g £ 2 relates with the lower part of Zone E8
2= 18 of Beggren and Pearson (2005) and
Az1103 =0
o 1 < Wade et al. (201).
Az1083 4 + e Finally, the base of theantkenina
g nuttalli Zone is defined by the LO of
Az104d - the nominate taxon at 635 m (467 m
Az1027 - = above the Lutetian GSSP). Hantke-
- ; Ands g &| |y| ninids are rare in all samples and their
GSSP - ] o 5 tubulospines are systematically broken,
llwllllélIIIHIIIIIII';IIiI!EIFIIII! LLUEY LLEE LEE LAY LR UL L A II:IIIIHIIUHHII'IIIIIIIIIIIIIIIigIIi rn‘:l,l g maklng It ImpOSSIble to dIStIngL“Sh
5 ] s |F betweenH. nuttalli and Hantkenina
: AmeL 3 = singanoae(Pearson et al., 2006s
- Az922 f the LO of hantkeninids is located
™ /:, S aze2 2 higher than the HO d¥l. caucasica, it
= might not correspond to their lowest
AZE 4 § occurrence in the stratigraphic record.
£ The LO ofTruncootaloides topilensis
Az820 3 is recorded in the lower part of the
0 42804 - < Hantkenina nuttalli Biozone.

Figure 6. Selected planktic foraminifera species ranges and location of the main biohorizons acf@pigerinathekids, includingth.
the Ypresian/Lutetian transition at the Gorrondatxe section. Biozones in column “a” are as descritiggxicana becf)me very abunQant 80
in Bernaola et al. (2006b), with later modifications by Payros et al. (2009a); those in column “b"Phigher up in the succession (see

scale) follow Berggren et al. (1995), and those in column “c” (E scale) follow Berggren and Pear§yie-Etxebarria et al., 1984; Orue-
(2005). Etxebarria andpellaniz, 1985; Payros

et al., 2006). For all thesegaments,
from that of the formetbeing similar to that of Gth. subconglobata, theHantkenina nuttallZone is correlated with the upper part of Zone
but lacks the typical secondary apertures of the |atter HOs of E8 of Beggren and Pearson (2005) aivdde et al. (201 (Fig. 6).
Pseudohastigerina wilcoxensisd Globanomalina indiscriminata
are recorded at the upper part of Merozovella gorondatxensis | arger foraminifera
Biozone. Relatively laye-sized specimens of Guembelitrioides nuttalli
with secondary sutural apertures, which mark the E7/E8 zonal Larger foraminifera, mostly represented by nummulitids
boundary (Beggren and Pearson, 2008ade et al., 2Ql), appear in (NummulitesandAssilinaspecimens) but also by orthophragminids
the uppermost part of this biozone, at 385 m (217 m above the Lutetiaifinot studied in this work), and other shallow marine waigamisms
GSSP).All these characteristics suggest that Merozovella (e.g. red algae) occur in some turbidite levels, but only sixteen
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provided positive results (Bernaola et al., 2006b and Orue-Etxebarriayroup, some species with a chronostratigraphic range between the
et al., 2006). lower and middle Lutetian (SBZ13-14), suchMsuranensis, N.

Most specimens were classified at species level and are suitablalponensis, N. &fmillecaput, and other species representative of the
for biostratigraphic determination. Howeyé@n some samples the lower middle Lutetian (SBZ14), such isboussaci or even species
systematic study was hindered by the poverty of the nummulitid like N. lorioli, which characterizes the transition to the upper middle
assemblage. Despite thesefidiflties, it was possible to date the Lutetian (SBZ15).
minimum age of the levels containing nummulitids, which extends  All data considered, the age of the Lutetian GSSP level could not
from SBZ12 to SBZ14 zones of Serra-Kiel et al. (1998). be accurately determined by means afdarforaminifera but must

We differentiated several stratigraphic intervals (Fig. 7), which correspond to the transition between zones SBZ12 and SBZ13.
are characteristic of several ages according to data from Hottingesimilar result was obtained in Otsakar (Payros et al1)20anfirming
(1977), Schaub (1981) and Serra-Kiel et al. (1998): that the SBZ12/13 boundary does not correlate with the calcareous

The first interval is represented by only one sample in the basahannofossil subzone CP12a and the C22n/C21r Chron boundary
part of the section (meter 69), with a nummulitid assemblage that(Serra-Kiel et al., 1998), but is slightly younger than in previous
belongs to the upper Cuisian (SBZ12). It provided the zone definingcalibrations.
species Nummulites maedt, N. campesinugssilina maioyand
other less characteristic forms, with a group of reworked species fromSmaller benthic foraminifera
older ages.

A second interval (meters 105-134), with the presence of some Benthic foraminiferal assemblages from Gorrondatxe were
forms belonging to the N. perforatus, N. laevigatus and A. praespiraquantitatively analyzed by Ortiz et al. (2Q1with samples more
groups, does not allow discrimination between zones SBZ12 andclosely spaced near the main biostratigraphic events (Fig. 8).
SBZ13. The common occurrence of typically bathyal and abyssal species

A third interval (meters 270-410) above the Lutetian GSSP (e.g., Nuttallides truempyiBulimina trinitatensis,Cibicidoides
(167.85 m) contains a nummulitid assemblage characterized by theeocaenus), and the presence of some neritic to upper bathyal taxa
lowest occurrence d. laevigatus and other fauna representative of such asAnomalinoides acutysOsangularia plummeraand
the latter part of Zone SBZ13 (early Lutetian), sucN axitannicus, Lenticulina species, match with the estimated palaeodepth for this
N. messinae, N. gallensis, N. obesus, N. lehneri, N. variolands area of about 1500 m (Payros et al., 2006).

A. bericensiswith some reworked species belonging to previous Calcareous taxa are dominated by bolivinids, cibicids,
zones. Globobulimina species and allochthonous taxa (removed from the

Finally, the upper part of the section (meters 473-654) shows aforaminiferal counts), which are noticeably more abundant in the upper
lower Lutetian nummulitid assemblage similar to that of the previousturbidite-rich interval. Other calcareous taxa such as buliminids,

700,
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Figure 7. Nummulitid species occurrences in the Gorrondatxe section. Broken lines on the right-hand columns indicate that the corresponding
Shallow Benthic Zone (SBZ) is probably represented in the sample, whereas continuous lines indicate verified occurrences.
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Figure 8. Benthic foraminifera quantiative analysis across th¥presian/Lutetian transition at the Gorrondatxe section (modified from
Ortiz et al., 201). (a) calcareous nannofossil zonation (Okada and Bukt80). (b) and (c), planktic foraminiferal zonation described in
Bernaola et al. (2006b), with later modifications by Payros et al. (2009a), Berggren et al. (1995) and Berggren and Pearson (2005).

uniserial calcareous taxg&ibicidoidesspecies andNuttallides al., 2008), i.e., in an upper stratigraphic position than at Gorrondatxe.
truempyicharacterize the high-diversity assemblages in the lowerThese data suggest that peaké.iraragonensis may not be a valid
turbidite-poor interval where the GSSP for the base of the Lutetianmarker for global correlation of thépresian/Lutetian boundary
stage is definedAgglutinated taxa are also common at the former although they may provide some important paleoclimatic information.
interval, particularly trochamminids (up to 23%).
Typical lower and middle Eocer@ibicidoides species such as  Qstracods
Cibicidoides eocaenus, C. praemundudusl C. subspiratuge.g.,
Van Morkhoven et al., 1986) are abundant at the lower part of the  Ostracods of the Eocene succession, including the Gorrondatxe
section (Fig. 8)Cibicidoides mexicanusvhich was primarily an section, were studied by Rodriguez-Lazaro and Garcia-Zarraga (1996).
Oligocene species, is roughly limited to the upper part of the sectionAs their results remain valid, only a summary of the most significant
C. subspiratus, whose total range defines the late early Eocene ancharacteristics is presented herein.
middle Eocene Zone BB3 at bathyal depths ¢Bezn and Miller The Gorrondatxe ostracod assemblages possess a cosmopolitan,
1989), has been recorded throughout the section. Fewcircumglobal, deep water (mesobathyal), cool-to-cold water
Reticulophragmiurspecimens were identified at Gorrondatxe, which temperature distributiohe assemblages of the Sandy Flysch contain
are limited to metre 65 to 143.9 (CP12a biozone, below the Lutetianthe following speciesProtoamgilloecia angulata P. trapezoida
GSSP) (Fig. 8)We tentatively assigned them o intermedium, a  Aratrocyprisaff. maddocksaerithe luyensisK. parvula, Cytheella
species from the early Eocene and possible ancesRahtoplectens spp., Platyleberisspp., Trachyleberidea pestwichianaand
traditionally used in biostratigraphic zonations for the middle and Agrenocythee orinata In this interval species likAbyssobaidia
late Eocene (e.g., Kaminski and Gradstein, 20@5gudoclavulina anisovalvaProfundobythex bathyatosHenryhowellagr. asperima,
trinitatensisshows a similar occurrence to R. intermeditenorded and Parakrithe sp. 3 also occuramong other species that are
from metre 65 to 160.8 (CP12a biozon€he highest observed characteristic of the NorthAtlantic Paleogene (Whatley and Coles,
occurrence of this species at CP12a is probably a local disappearand®91). In fact, the Gorrondatxe assemblages compare well with those
since its HO is recorded at the Eocene/Oligocene boundariyidad described from the PaleogeneAsfuitaine (Ducasse, 1975), Italy
and in the Betic Cordillera (Bolli et al., 1994; Molina et al., 2006). (Ascoli, 1975), Moravia (Pokornyl975), Trinidad (Bold, 1960),
Aragonia aragonensishows several peaks in relative abundance North Atlantic Ocean (Coles an@/hatley 1989) and Bahamas
under and, more distinctivelgbove the Lutetian GS$Fg. 8). Peaks (Guernet, 1982).
of this opportunistic species have been recorded close to the P9/P10 The biostratigraphic analysis allows a good characterization
boundary of Baggren et al. (1995) (Ortiz affthomas, 2006; Ortizet  even at generic level. Certain genera such@agssobairidaand
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Rimacytheopteion, previously described from the Middle Eocene, spp. are usually less common (1-5®plysphaeridium zoharyis

first appear in Lower Eocene deposits in the study afba. usually rare, but in one sample accounts for 10%.

biostratigraphic index for the lowermost Eocene (Rimacgtiteon Regarding paleoecologihe assemblages seem to be derived from
cf. rotundapunctata) found in the underlying Marly Flysch deposits mixed waters typical for a mid-outer shelf setting. Cysts indicating
is missing from the Gorrondatxe sectibheAzkorri Sandstone shows  nutrient-rich and brackish environments, such as peridiniacean cysts,
an increase of thanatocoenotical forms derived from the continentaLingulodinium macha@phomum and Paralecaniella indentatare
shelf. Species likéAgrenocythee odinata, Cytheopteon sp. 1, generally rareTwo locally common cystsHomotryblium
Cardobairdia sp. 3,Legitimocythee aff. presenquentaare tenuispinosumand Polysphaeridium zoharyimay have been
characteristic of the planktic foraminiferal E7 Zone in the Gorrondatxe transported from warm lagoonal palaeoenvironm@rfesw reworked
section and thus of the Lutetian GS8terval. The transition to the  Cretaceous cysts were recognised.

E8 Zone is defined by the presencédeinia cf.dryppa Heinia sp. Assemblages dir from those of NViEurope by a lower diversity

2, Australoecia cfpostepacuta,Parakrithe sp. 2 and Haghowella and rarity or absence of species used for biozonation in the North Sea

gr. asperima. Finally the lowest occurrencesRimacytheopteron Basin. Closest similarity is with assemblages from southern England

? sp. 2 andutoitella sp. 2 represent the beginning of Zone E8 in (Eaton, 1976; Bujak et al., 1980). Noteworthy is the strong reduction

Gorrondatxe. of theEatonicysta-Aeosphaeridiungroup, although the group is still
present.This group was probably favoured by cooler waters than

Dinoflagellate cysts prevailing in the Bay of Biscay during the Eocene. Based on the

present, limited studied material the following biostratigraphical
Dinoflagellate cysts have been studied in six samples from thecomparison with NW Europe and the Norwegian-Greenland Sea can
interval 63 m — 184 m @ble 1).The preservation varies from fairly  be given:
good to moderat&he assemblages are moderately diverse and almostl. The highest occurrence of Charlesdowniea coluoutairs in the

entirely consist of gonyaulacacean taXae dominant taxa are uppermost part of Chron 22n in the Norwegian-Greenland Sea
Cleistosphaeridium diversispinosy#-89% of total gyanic-walled (Eldrett et al., 2004; Brinkhuis et al., 2006) and is probably

microplankton) andSpiniferitesspp. (1-30%).Homotryblium synchronous in NW Europe (cf. discussion in Eldrett et al. 2004).
tenuispinosumOperculodinium cenwcarpumand Glaphyocysta At Gorrondatxe the highest in situ occurrenc€ ofolumnéaakes

place between samples at 63 m and
110 m, well below the Lutetian
GSSP level, and may therefore be
synchronous with north Europe.

Table 1. Dinoflagellate cystin studied samples from Gorrondatxe. Figures are peregets of tcdl
organic-walled microplankton. X = present aitle count. The GSSRes at 167.85 m, 1.9 m below
sample 969.75m-2897.

z c 2. The highest occurrence &fatoni-
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& I 5185 o |2 g IR EE Europe and the Norwegian-Green-
o8 %.%;“smm'g 318 (a|alg 2 55‘; &S |8 |o|c|8 . .
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is recorded at 181 in the Gorrondatxe section and thus appears Interval A, which includes the Lutetian GS3&vel, shows a
to be delayed relative to North Europalfle 1). moderate diversity and abundance of pre- and post-depositional trace
fossils; apart from the background assemblage, another 13 are also
Ichnofossils identified. Some of them are exclusive of this interval, including

Alcyonidiopsigsp.A, 2UrohelminthoidaHelminthohaphe japonica

The Gorrondatxe section reveals a moderate diversity of traceMultina, ProtopaleodictyonandPaleodictyon miocenicunirace
fossils. It contains 41 ichnospecies belonging to 28 ichnogenerdossil morphologies are variable, including simpicgonidiopsis
(Rodriguez-dvar et al., 2010 his trace-fossil assemblage is typical isp.A), spreite Phycosiphoh and helical (Helicodmiteg forms,
of the deep-selleritesichnofacies, with a significant contribution  together with branched, winding and meandering forms, and
of shallow-tier pre-depositional structures, mainly graphoglyptids, occasional networkdMultina, Paleodictyoi. Agrichnial behaviour
and shallow to deep-tier post-depositional forifise generalized  dominates, and others like pascichnia, fodinichnia and chemichnia
presence of graphoglyptids through the section is typical of theare rare.
Paleodictyonichnosubfacies, which is common in distal flysch Interval B is characterized by a highly significant decrease in
deposits (Seilachel974; Uchman, 1999). Some ichnotaxa are trace fossil diversity and abundance. Only punctual records of
continuously recorded through the section, which can be considere@HelminthopsisTrichichnus Nereites iregularis Protopaleodictyon
the background assemblage, while the remaining ichnotaxaare noted, mainly in the upper part of the interval. In the base of
(graphoglyptids, and other post-depositional structures) showinterval B, close to the interv&l-B transition, onlyNereitesisp.
significant fluctuations in composition, diversity and abundance is found. Most of the interval B ichnotaxa are post-depositional,
throughout the section, allowing distinction of five intervals winding and meandering structures, showing a dominant pascichnial
(Rodriguez-dvar et al., 2010); howeveamly the lowermostintervals  behaviour
A and B are relevant to the Lutetian GSSP (Fig. 9): Relatively frequent pre-depositional trace fossils at intehval

graphoglyptids
pre-depositional * post-depositional ichnotaxa

post-depositional
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Figure 9. Synthetic log of the Gorrondatxe section with the vertical distribution of trace fossils and subdivisions into ichnological intervals
A-E (after Rodriguez-dvar et al., 2010). Continuous lines and raagles for more or less continuous record, and filled paifior punctual

one. Dashed lines for discontinuous recoidhite recangles and poirg for uncertin record (?) of a particular ichnaixon. Grey bands for
horizons with abundance of lowest occurrences in the section.
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including several types of graphoglyptids, were relat
to the generally interpreted well oxygenate:
moderately oligotrophic environment, in which th
feeding strategy (microbe gardening or trapping) i
successful adaptation to nutrient-ppstable

environments (Seilachek977; Miller, 1991; Uchman,
1999, 2003). Intervah corresponds to a general se:
level rise during a transgressive system tract and
lowermiddle part of the subsequent highstand syst
tract. Limited lateral flux of nutrients due to the scarci
of turbidites and limited flux of nutrients from the wate
column promoted variable trace maker behaviours
competition for food, resulting in variable morphc
logies of trace fossilsThe sharp neadisappearance
of trace fossils in Interval B, including som:
graphoglyptids, indicates a worsening of ecologic
conditions.

M agnetostratigraphy

Sampling for magnetostratigraphy was conduct
throughout a 700 m thick interval of the Gorrondat:
section (Dinarés-Orell in Bernaola et al., 2006b)
Paleomagnetic sampling was basically restricted to
hemipelagic lithologies (mostly grey marls and mar
limestones), which are potentially more suitable faci
regarding palaeomagnetic behavioArrtotal of 89
unique sampling sites were obtained, comprising 2
3 hand-samples per site.

Progressive stepwise alternating field (A
demagnetization was routinely used and applied a:
a single heating step to 150°8F demagnetization
included 14 steps (4, 8, 13, 17, 21, 25, 30, 35, 40, &
50, 60, 80, 100 mT). Characteristic remane®
magnetizations (ChRM) were computed by lea:
squares fitting on the orthogonal demagnetization plc
The ChRM declination and inclination for each samg
was used to derive the latitude of the virtu
geomagnetic pole (VGPJhis parameter was used &
an indicator of the polarity (normal polarity for positiv
VGP latitudes and reverse polarity for negatil@P
latitudes).

The ChRM components present either normal
reverse polarity in bedding-corrected coordinates. |
few cases, the calculated ChRM was regarded
unreliable (class B samples)Ve consider the
demagnetization behaviour unsuitable for magne
stratigraphic interpretation in 30% of the analyzt

igraphic Ie\.rJ'(m)
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specimens (class C samples) which mostly relateFigure 10.Above, equal-area projections of the ChRM directions before (in situ) and
very weak sample3he magnetostratigraphy is baseglfter bedding correction. The 95% confidence ellipse for the normal and reverse

on ClassA samples (Fig. 10).

mean directions is indicated andagtstical information is given. Beloystratigraphic

The primary nature of the ChRM is supported byariation of the ChRM directions and virtual geomagnetic pole (VGP) latitude and
(1) the presence of a dual-polarity ChRM in additigAterpreted magnetic polarity stratigraphy plotted on a lithologic log of the

to the low temperature present-day field overprintorrondatxe section.
(2) an unrealistic shallow inclination before bedding

correction (e.g. not compatible with any geomagnetic Cenozoic fieldsuccession of four magnetozones (two normal and two revéhse).
direction for Iberia); (3) changes in polarity do not seem to be lower normal magnetozone, which correlates with planktic foraminifer

lithologically controlled.

Acarinina bullbooki Zone (lower part of P9 and E7), calcareous

The VGP latitude derived from the ChRM directions yields a nannofossil zones CRACP12a, and lger foraminifer Zone SBZ12
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can be directly correlated to Chron C2dine overlying reverse it is likely that the magnetostratigraphically ambiguous interval of
magnetozone, which includes the Lutetian GSSP level, is correlatedsorrondatxe actually corresponds to Chron C21r
to Chron C21r based on its stratigraphic position above the interval
interpreted as Chron C22n and on the basis of calcareous nannofos
Séummary of the Proposal of the GSSP

and nummulitid biostratigraphic datéhe succeeding normal and

reverse magnetozones correspond to chrons C21n and C20for the Base of the L utetian

respectivelyon the same basis (Fig. 10). Unfortunatélyvas not

possible to pinpoint unequivocally the C21r/C21n Chron boundary Name of the Boundary: Base of Lutetian

as the interval between 223 and 242 m is ambiguous magnetoRank and status of the Boundary: Stage/Age GSSP
stratigraphicallyA plausible interpretation is that this ambiguous Position of the defined unit: Base of the lower middlet&ye of the
magnetic polarity does not record the original magnetic palétity Eocene Series, between thpresian $ge and the Bartonian
a delayed re-magnetization. Similar palaeomagnetic uncertainties Stage.

elsewhere have been interpreted as a result of delayed acquisitiolype locality of the GSSP: A section exposed on the &ifof an

mechanisms during early diagenesis (Payros et all)201 such easily accessible beach (hamed Gorrondatxe but also known as
scenarios, magnetic minerals can be formed #&tréifit times at Azkorri) near the Getxo village in the western Pyrenees (province
different sedimentary levels due to early diagenetitusidn of of Biscay Basque CountpyN Spain).The Gorrondatxe section

iron from anoxic layers into suboxic-oxic zones, where secondary  fulfills most of the GSSPRequisites demanded by the ICSifle
magnetic minerals would then form, resulting in delayed remanence 2). The Gorrondatxe section is 700 m thick and is mostly
acquisitionThe delayed signature typically extends by only a limited composed of hemipelagic marls and limestones, but thin-bedded
stratigraphic thickness below the true chron boundlagonsequence, (<10 cm) siliciclastic turbidites are also common, with the

Table 2. Summary of evaluation of the Gorrondatxe section for holding the Lutetian GSSP

REQUISITES TO BE FULFILLED PROPOSED LUTETIAN GSSPAT GORRONDATXE
BY A GSSP

Exposureover an adequate Yes. TheYpresian-upper Lutetian succession is 2300 m thick; the fgvesian-

thickness of sediments. lower Lutetian Gorrondatxe beach section is 700 m thicky finesian/Lutetian
transition interval is completely exposed and is almost 60 m thick.

Continuous sedimentation. Yes, no hiatus was detected.

High sedimentation rate. Yes, c. 1 cm/kyr for theYpresian/Lutetian boundary interval, which lasted c. 550 kyr
(the highest ever recorded by tfyeresian/Lutetiatworking Group members).

Abscence of synsedimentary and Yes. TheYpresian/Lutetian Gorrondatxe turbidites are generally a few mm thick,

tectonic distur bances. tabularshaped and flat-based, recording tHeatfof distal turbidity currents with lo

erosive capacityrhe Gorrondatxe fault at 100 m from the base of the section dogs not
affect the 60 m thick’presian/Lutetian boundary interval.

Absence of metamor phism and Yes. Ongoing clay mineral and stable isotope analyses suggest no metamorphism and

strong diagenetic alter ation. little diagenetic overprinting.

Abundance and diver sity of Yes. Up to date calcareous nannofossils, planktic foraminifeigeidoraminifers,

well-preserved fossils. smaller benthic foraminifers, ostracods, dinoflagellate cysts and ichnofossils have
been studied.

Absence of vertical facies changes. Yes. Although turbidite abundance varies along the section, it remains low within| the
Ypresian/Lutetian boundary interval.

Favourablefaciesfor long-range Yes. Estimated paleo-sea depth is 1500 m; being located at a paleo-latitude of 35°N,

biostratigraphic correlations (open correlations with both Boreal afféthysian pelagic regions are possiflee

marineenvironment). combination of sequence stratigrapbyclostratigraphy and magnetostratigraphy
allow correlation with shallow-marine and terrestrial deposits.

Amenability toradiometric dating. Unknown, but absolute cyclostratigraphic datings possible.

Amenability to magnetostr atigr aphy. Yes, chrons C22n, C21€21n and C20r have been identified.

Amenability to chemostratigraphy. Yes, but work is still in progress.

Accessibility. Excellent.

Free access. Yes, the section is located in a public beach.

Permanent protection of thesite. Yes. The whole coast is protected by the Spanish Littoral Law (22/1988, July 28); the

Gorrondatxe beach is specially protected in order to preserve the endangered
Natterjack toadEpidalea calamita) from regional extinction. Local institutions (toywn
and regional councils, University of the Basque Country) are willing to cooperate.

Possibility to fix a permanent marker. Yes. Once the GSSB approved, a permanent marker (a metal plate) will be fixed|
Local institutions (town and regional councils, University of the Basque Country
are willing to cooperate.
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exception of th&presian/Lutetian boundary interval thatis mainly Map: The Gorrondatxe stratotype section is represented on the IGME
Geological Map of Spain, number 37, sheeAlgbrta (Getxo),

composed of hemipelagic marls (Fid)1
Geological setting: During the Eocene Epoch the Gorrondatxe area
formed part of the bottom of a 1500 m deep marine gulf that
opened into thétlantic Ocean at approximately 35°N latitude.
More than 2300 m of loweYpresian to upper Lutetian deep-

marine deposits accumulated on the bottom of this ghkse
deposits were uplifted and tilted during #ipine Orogeny as

1:50,000, and the Geological Map of the Basque Country (EVE,
Basque Government), number 37-18heet of Getxo, scale
1:25,000 (available ahttp//wwweve.es/publicaciones/

cartografia/Mapas/37-1\df).

Accessibility: The Gorrondatxe beach section is easily accessible.
The beach, awarded the European Union Blue Flag for water
cleanliness and beach services, is equipped with a car park,

part of the western Pyrenees Cordillera, and are now exposed in
coastal clifs that extend from the town of Sopela to the Galea

Cape (Fig. 2).

Geographiclocation: The Gorrondatxe stratotype section is located
3 km from the centre of the Getxo village, 25 km NW of Bilbao,

the capital city of the Biscay province, Basque Coyrltrof

Coordinates: Latitude: 43°22'46.47" N. Longitude: 3°00'51.61"W

Spain.
Altitude: 20 m.
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fountains, bars and bus services (further detailbtad://
wwwehu.es/paleogene/getxo2009/GORRONRRA html) The
GSSP site was cleaned eliminating some vegetation and a path
was cleared to access the precise level of the GSSP (Fig. 12).
Conservation: Being located in a public beach, the site is protected
by the Spanish Littoral Law (22/1988, July 28). In addition, the
site is specially protected in order to preserve the endangered
Natterjack toad Epidalea calamit® from regional extinction.
Once the GSSP is approved, the Gorrondatxe section will be

SIGNIFICANT
EVENTS

<O H. nuttalll.

HO S. inaequispira,
). gorrondatxensis.
«-HO M. caucasica.

JLO Ch. gigas,

N. boussaci.

LO A. praetopilensis,
-C21n/C20r boundary|
L0 G. nuttalli.

le-LO N. fulgens.
SB; LO Gth. micra,

M. gorrondatxensis.
“LO'N. Jaevigatus.
€ C21r/C21n boundary!

LO N. cristata,
HO B. piriformis.

L0 B. piriformis.

e-LO T. frontosa.
= (C22n/C21r boundary

L0 D. sublodoensis.

¢ ST/TST boundary.

protected as a Natural Park
under the supervision of the
Department of Batigraphy
and Paleontology of the
University of the Basque
Country

GSSP definition: Meter 167.85

of the Gorrondatxe section
in a dark marly level where
the nannofossiBlackites
inflatus has its lowest
occurrence, approximately
47.76 Ma.

Identification in thefield: The

dark marly level, where the
nannofossil Blackites
inflatus lowest occurs, can
be unmistakably identified
in a mainly marly interval,
2.15 m below a 15 cm
prominent turbidite at meter
170 (Fig. 4). Once the GSSP
is approved, a permanent
marker (a metal plate) will
be fixed.

Completeness of the section:

All the events that charac-
terize the¥presian/Lutetian
transition worldwide were
identified in the expected
chronostratigraphic order in
Gorrondatxe, showing that
the succession is complete
and continuous (Fig.1).
The great sedimentary thick-
ness is one of the most

Figure 11. Summary of the biostratigraphy (calcareous nannofossils, planktic foraminifera and largeroutstanding features of the
foraminifera), magnetostratigraphy and sequence stratigraphy in the Gorrondatxe section. The mossorrondatxe section, which
important evens around theYpresian/Lutetian boundary are depicted in the right-hand box (SB: sequenceis much thicker than in all
boundary; LST lowstand systems tract; TSTransgressive systems tract; mfs: maximum flooding surface; the otherYpresian/Lutetian
HST: highstand systems tract).
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Figure
Lutetian transition in which the Lutetian GSSP is marked.

Ypresian/Lutetian Boundakyorking Group. Hence, successive
biostratigraphic and magnetostratigraphic events are more separate
in the Gorrondatxe section than in other sections. Such a great
thickness is the result of frequent turbiditic beds, which are
generally distal, tabulsshaped and flat-based, recording therefore
the efect of turbidity currents with low erosive capacltyckily,

some of these turbidity currents supplied penecontemporaneous
larger foraminifera, allowing thus correlation with coeval shelfal
deposits. Despite the turbidite content, the astronomical
Milankovitch signal can be readily recognized in the pelagic
sediments, which allows cyclostratigraphic calibration of all the
events that characterize thipresian/Lutetian transition (Fig. 4).

Global correlation: Multiple elements for global correlation across

theYpresian/Lutetian boundary were identified, allowing global
correlation (Fig. 1). The following elements have been studied:
calcareous nannofossils, planktic foraminifera, small benthic
foraminifera, lager foraminifera, ostracods, dinoflagellate cysts,

12. Panoramic view of the Gorrondatxe section from meter 100 to 400 arail deéw of theYpresian-

ichnofossils, magnetostratigrapleyclostratigraphy and sequence
stratigraphy One major advantage of Gorrondatxe is its
intermediate location between the North Sea (boreal) region,
where the historicafpresian and Lutetian stratotype sections were
defined, and the more southeTigthys regionThe Gorrondatxe
section thus contains faunal and floral elements representative of
both regions and this facilitates correlation between high- and
low-latitude regions worldwide. The occurrence of reworked
shallow-marine taxa allows approaching the position of the GSSP
in such settingsThe Gorrondatxe section appears to have been
affected by the same sea-level changes as other sites worldwide.
In the Pyrenean region where the Gorrondatxe section is located
correlations can be made with coeval successions that represent
a wide range of sedimentary environments, including submarine
slopes, shallow-marine shelves, coastal areas and even terrestrial
environmentsThis potential opens the prospect for improving
the correlation of events represented ifiedént geological time
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scalesThe potential for precise global correlation of the GBSP and magnetic stratigraphy from Possagno, Italy: the calcareous
further enhanced by the combination of biostratigraphic, nannofossil response to climate variabillBarth and Planetary Science
magnetostratigraphic and sequence stratigraphic information with _ Létters, v 241, pp. 815-830.

Ali, J.R. and Hailwood, E.A., 1995, Magnetostratigraphy of upper Paleocene

cyclostratigraph)
Pri y g tp y ker: The best tf lobal . through lower middle Eocene strata of NW Europe. Society of Economic
rimary correiation marker: € best event for global marine Paleontologists and Mineralogists. Special Publicatio®ddy pp. 271-
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lowest occurrence of the planktic foraminiféarborotalia Aubry, M.P, Hailwood, E..A. an_dTownsend, H.A., 1986. Magnetic and_
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. of the Hampshire and London basins. J&@eol. Soc. London,.\143,
GSSP The lowest occurrence of the calcareous nannofossil pp 729_73§
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