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The GSSHor the base of the Santonia[a@e is (Hancock, 1991)Platyceramusindulatoplicatuss widespread and
defined at 94.4 m in the eastern ter of the “Cantera on account of its characteristic form and sculpture, is easy to identify

. . In N.Africa Platyceramus siccensiBervinquiére) is associated with
” . 0
de Magas” quary, Olazagutia (Navam, N. Spain: 42 Texanites and was considered another possible marker for the base

52I 05.3" N, 20 1' 40" W) and marked by the flrSt Of the Santonian_
occurrence (FO) of the inoceramid bivalRéatyceramus In the Santoniakorking Group report to the second Symposium
undulatoplicatusThis first occurence is located about ©n Cretaceoust&ge Boundaries (Lamolda and Hancock, 1996) the

. FO of Platyceramusindulatoplicatusvas confirmed as the primary
9 m below the contact between a lower marly unit andmarker for the base of the Santoniglage.The FO ofTexanites

an upper mee Ca_lcaeous l_'m_it- The FO of the planktonic  (1exanite3 was rejected because it occurs below the lowest
foraminifer Sigalia carpaticé the secondary marker of = platyceramus undulatoplicatuand had been cited in assemblages
the GSSRInd first occurs 7 m below the prinyanarkey with inoceramids normally regarded as Coniacian (Lamolda and
but it becomes consistentlyesent about 4.2 m above Hancock 1996)The FO of the planktonic foraminifeigalia

. . . carpaticawas accepted as a secondary marker for the basal Santo-
the bounday. In addition, six peaks in the carbon stable nian. It is widespread in the Mediterranean region ofTgtays, is

isotope cuve can beecognized between the Kingsdown associated witlinoceramus siccensandTexanitesin Tunisia, and
Event 17.2 m below and the Bedwell Event 12.35 m abovi@ northern Spain (Navarra) its FO is very close to the lowest

the GSSPThe basal Santonian GS&Rs appoved by  occurrence oPlatyceramus undulatoplicatu$hree sections were
the International Subcommission onetaceous approved as candidate GSSPs; Olazagutia Quarry (Navarra, Spain),

. . . Seaford Head (Sussex, England) &ed Mile Creek (Dallaslexas).
Sratigraphy in September 2010, by the International regyits were published in a special issu€taceous Resear

Commision of @atigraphy inApril 2012, and ratified  “stratigraphy of the Coniacian—-Santonian transition” (vol. 28 no. 1,
by the International Union of Geological Sciences in 2007; Gallemi et al., Howe et al., Lamolda and Paul, Lamolda et al.,
January 2013. Peryt and Lamolda), and another [_)apemtg Geologica Polonica
(Gale et al., 2007)The Olazagutia section was chosen as the
GSSPby the SantoniaiwWorking Group in November 2007 and
Intr oduction approved by the International Subcommission on Cretaceous
Stratigraphy in September 201This decision was finally approved
The Santonian tage was proposed by Coquand (1857), by the International Commission ofr&igraphy inApril 2012, and
presumably named after the town of Saintes in south-west Franceratified by the International Union of Geological Sciences in January
One of the localities mentioned by Coquand was Javrezac, a villag013.
on the north-west side of Cogndtie boundary there was drawn on
a hardground between glauconitic, nodular limestone, with manyThe “Cantera de Margas” Section
Exogyraof the Coniacian belgwand soft micaceous chalk of the
Santonian above. The Olazagutia section is located in the Basque-Cantabrian Region
At the First Symposium on Cretaceousa@ Boundaries  (BCR) of northern Spain, to the west of the Pyrenees (Fig. 1). During
(Birkelund et al. 1984) the consensus was that the first occurrencethe Late Cretaceous the area around Olazagutia was a distal part of
(FO) of the ammonite subgeniisxanites(Texanite$ and of the the Navarro-Cantabrian Platform, except in the Maastrichtian when
inoceramid bivalv€ladoceramug=Platyceramupundulatoplicatus a proximal ramp with shallow-water facies was establisfiae.
(Roemer) were the two best boundary criteféxaniteqTexanite$ platform is subdivided by both longitudinal (NBE) and transverse
had been used over a wide area, although in classic regions of nortfNE-SW) faults. In spite of local and/or temporary fluctuations, the
west Europe this subgenus is far too rare to be a practical markeplatform remained typically an outer shelf environment where deposits
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Figure 1. A Location of the Olazagutia section in northern Spain. CM = Cantera de Margatge(dfamolda and Paul, 2007, fig. 1). B The
section studied along the eastern side of the Cantera de Margas and the permitted access.

are mainly fine pelitic sediments (Amiot et al., 1988gdmann et Thin (10-20 cm) limestone beds occur from ca. 20 m below to 9 m
al., 1983; Gallemi et al., 2007). above the Coniacian/Santonian boundary (as defined by the FO of

In the area studied both the Coniacian and Santonian consist oP. undulatoplicatul which occurs at 94.4 m above the base of the
intercalated marls and marly limestonge thickness of Coniacian  section (Fig. 4). Higher up, more uniform and thickedded
strata is estimated to be 400-600 m (Ramirez del Pozo, 1971; Zandelimestones occuMarcasite nodules, often rusty-weathered, occur
1988). Kannenber(1985) estimated the thickness of the Santonian from ca. 7-14 m above the bounddriiere are also very weak hints
strata in the “Cantera de Mpas” at Olazagutia to be about 230 m.  of at least five lagerscale cycles ca. 10 m thick, each starting with

The section is located in a working quarry to the south of rather thicker chalk beds in the boundary interval that we studied.
Olazagutia, Navarra, Spain (Fig. 1). Its geographical location isThe base of the lowest cycle lies in the covered interval below our
42°52'05.3" N, 2°11 40"W; Lambert Coordinates 919, 722, 1:25000 section and has been used to define the boundary between the Zadorra
topographic sheet no12-4 Olazagutia. and Olazagutia formations (Amiot, 1982).

Further details on the general stratigraphy around Olazagutia are  Macrofossils are stitiently common in parts of the section
given by Kichler (2002)A general overview of Upper Cretaceous to contribute to the lithological characteristics of the bddeey
sequence stratigraphy of the BCR was given by Grafé\éedimann are rare at the base of the section, but echinoids and inoceramid
(1998), who defined the boundary between cycles U@ad bivalves occur sporadically in the first 75 m or so. Echinoids are
UC12 above, but close to, the current Coniacian/Santonian boundarparticularly abundant in the 12 m below the boundang are fairly

(CSB). common up to at least 20 m above it (Fig. 3). Inoceramids, especially
P. undulatoplicatusappear abundantly at the boundary (Fig. 3).
Lithostratigraphy Platyceramus undulatoplicatus very common in the first 2 m, is

then sporadic for nearly 10 m, with its higher occurrence atdot 1

The section along the disused eastern side of the Cantera dem above the boundargponges (sometimes iron-rich and rusty-
Margas quarry exposes ca. 160 m of marls and marly limestones andreathered) occur both sporadically and in distinct sponge-rich beds
extends from the middle Coniacian to the middle Santonfelower from 2.5 m below to 15 m above the boundary (Fig. 3).
more marly part is referred to the La Barranca Member of the El
Zadorra Formation; the higher part to the Olazagutia Formation (Fig-Biostratigraphy
2), as defined bymiot (1982) A part of the section has been studied
in more detail, on a ramp into the middle level of the quamg Inoceramids, planktonic foraminifera and calcareous nannofossils
belongs to the lower part of the Olazagutia Formation (Figs. 3-5).can be used to define biostratigraphic zones across the boundary
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Figure 2. The Olazagutia section, with indication of main first and last occurrences (FO and LO) of inoceramid, echinoid and ammonite
taxa (ater Gallemi et al., 2007, fig. 5).
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(Fig. 3), but at Olazagutia ammonites first appear well above
the boundary (Gallemi et al., 2007).

Inoceramid bivalves

Inoceramids occur discontinuousiglithough they are
abundant in the upper half of the sectibne first examples
of Magadiceramu®ccur at 64.6 m, calim below the base
of our studied section, and indicate the presence dfithe
subquadratusZone of late Coniacian agPlatyceramus
undulatoplicatudirst appears at 94.4 m and defines both the
base of the eponymous zone and the Santoriage Fig.
3). It occurs through a total range @f3 m.Almost certainly
the lowermost and uppermost levels correspond to inoceramid
events 1 and 2 of the Kent coast in England (Jenkyns et al.,
1994; Jarvis et al., 2006). Both the FO and LO are reliable
bioevents, that is, they plot very close to the best fit lines in
graphic correlation between all pairs of sections so far
investigated (Paul and Lamolda 200®)latyceramus
cycloidessubspp. and€ordiceramusspp. are commonly
recorded in the lower part of the Santonian. Details of
macrofossils recorded at Olazagutia are given in Fig. 2 (after
Gallemi et al., 2007).

Planktonic Foraminifera

The main planktonic taxa belong to keeled, trochospiral
species of genera such @sntusotruncanaDicarinella,
Globotruncanaand Marginotruncana The most abundant
components are biconvex speciesMdrginotruncana
Planktonic foraminiferal assemblages found in the samples
studied enable recognition of biozonations based on
globotruncanids and heterohelicids (Fig. Bjcarinella
asymetrica(Sigal) occurs throughout the section studied
(Lamolda et al., 2007), which thereby belongs entirely to the
Dicarinella asymetric&Zone. Heterohelicid species are also
useful for biozonationThe first occurrence oS8igalia
carpaticaSalaj and Samuel is located ca. 7 m below the first
occurrence oPlatyceramusindulatoplicatusand is used to
characterize the lower boundary of the eponymous biozone,
following Nederbrags (1990) biozonatiorThe underlying
sediments belong to tikseudotextularia nuttalizone. More
details on planktonic foraminifera are given in Lamolda et al.
(2007), and below under the overview of main fossil groups.

Nannofossils

Melinte and Lamolda (2002) studied nannofloral
assemblages, which belong to nannofossil zones CC15-CC16
of Sissingh (1977), and calcareous nannofossil zones UC10-
UC12 of Burnett (1998), respectively (Fig. &Z)succession
of bioevents characterizes the CSB interval in the section
studied (Fig. 3). Of special note is the local first occurrence
of Lucianothabdus inflatusPerch-Nielsen and Feinlagr

Figure 3. The sequence of evenacross the Coniacian/Santonian
transition in the Cantera de Margas, eastern border section,
Olazagutia, northern Spain (modified &fr Lamolda and Paul,
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just below the first appearance f undulatoplicatus
Above this level values increase again to 2.91%. over the
next four samples.

Results from Olazagutia were originally compared
(Lamolda and Paul, 2007) with the carbon isotope curve
of Jenkyns et al. (1994) for east Kent (Fig. 8) and later
(Paul and Lamolda 2009) with the carbon isotope curves
of Jarvis et al. (2006) for southern England (Fig. 9), since
the first and last occurrences (FO and LO)PRof
undulatoplicatusare recorded in both placédke used
the total ranges ¢ undulatoplicatuso estimate relative
sedimentation rates at both localities and adjusted the
scales of the sections accordingly to produce our
correlation (Fig. 9). Both carbon isotope curves lack major
excursions, but do show similar features. In both, carbon
isotope values decline across the Coniacian/Santonian
boundary with one or two brief reversals. In particylar

Figure 4. A general view of the Cantera de Margas section. The appromméﬂiee minima (the late Coniacian, at the bounday in

location of the Coniacian/Santonian boundary is shown by the white line. ~ the early Santonian) can be recognized in both curves.
Using the total thickness of the Coniacian and

Santonian in east Kent (Jenkyns et al., 1994, fig. 13), the
time scale of Harland et al. (1989) and our best correlation
(Fig. 9), Paul and Lamolda (2009) estimated that the mean
sampling interval at Olazagutia was approximately 22,000
yearsWithin the limits of our samplingy**C curves and

the total range d® undulatoplicatugiave equally accurate
correlations (Paul and Lamolda 200%his, in turn,
confirms that the first occurrence Bfundulatoplicatus

is a very good primary marker for the Coniacian/Santonian
boundary at least in western Europe. Further comments
are given below in an overview of carbon stable isotopes.

Coniacian

Palaeobiogeography

Palaeogeographic reconstructions of the region
around the CSB provide a 30° N palaeolatitude for
: 2 a8 northern Spain (around 42° N at presertt)s part of the
Figure 5. The Conlauan/Santonlan transition at the Cantera de Margas sectionortherriTethys had direct communications with the North
The level of the FO of Pundulatoplicatus is marked by the white line. Atlantic to the west, and the London-Paris basin to the
north. It was part of the palaeotropics but with influences
which is very close to the base of the Santonian (1.75 m below), as if the northern temperate regions.
the Romanian Carpathians (Melinte and Lamolda, 2007). Other  Most of the nannofossils occurring around the CSB interval herein
nannofossil events observed in the succession at Olazagutia are higire cosmopolitan taxa, although a small number of them are more
abundances dfucianothabdusspp. andMicula concavgStradner) closely related to low- than to high latitud&significant component
Verbeek in the CSB interval, followed by the increasing abundanceof the nannofloras from the Olazagutia sectioMitznaueria
of Calculiteswithin the lowermost Santonian (Melinte and Lamolda, barnesaethe most abundant Cretaceous cosmopolitan nannofossil.
2002). Further comments are given beldllustrations of the Concerning this taxorfhierstein (1981) indicated that it showed a
calcareous nannofossils mentioned can be found in Lamolda et alatitudinal distribution pattern, being more common at low latitudes,

(1999) and Perch-Nielsen (1985). becoming less abundant towards higher latitudes, although still
forming an important component of high-latitude nannofloral
Sable Isotopes assemblageshe presence of the nannofosdilghastrinus grillii

andLithastrinusseptenariusboth identified in the Olazagutia section,

Carbon isotope values across the Coniacian/Santonian boundariyndicates, according tvarol (1992), warm to temperate waters of
only vary by a maximum of 0.37%. (Fig. 8Jhere is no major  low-mid latitudesAnother important component of the assemblages
excursion, such as occurs across the Cenomaniamian boundary identified in the studied section is the geMeasnnoconuswhich
Nevertheless, they do show a gradual and continuous decline througreached, at certain levels, >15% of the nannofloral assemblage.
the sampled interval from a maximum of +3.05%. (sample 2) to Interestinglythe abundance of nannoconids sharply decreases below
+2.68%0 (sample 45), with some fluctuations (Fig. 8). In particular the Coniacian/Santonian boundaaynost coincident with a minimum
there is a relatively lge drop from 2.98 to 2.71%. over four samples in the 8°C curve. It is noteworthy that the Upper Cretaceous
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nannoconids are albelieved to be indicative of low-middle latitudes, 1999). The 30 curve shows higher values in the lowermost

rather than high ones. Santonian at Olazagutia, overlying a decreasing trend in the uppermost
In contrast Kamptnerius magnificusand Gartnerago Coniacian and CSB, which is consistent with occurrences of the

segmentaturmannofossils recorded infrequently and discontinuously species cited from temperate regions, mainly at the same [Eils.

in our samples, and mainly restricted in Olazagutia to the lowermosicould reflect global climatic changes or a more lod&latinvolving

Santonian, are usually common to abundant at high latitudeshe balance betweeFethyan anditlantic water sources (Lamolda

(Thierstein, 1976). Svabenicka (1995) cikednagnificusas a cold- and Paul, 2007).

water species, too. Itis present inTie¢hyan Realm, but infrequently Also noteworthy is the high abundance of holococcoliths in the

often related to cold-water incursions into lower latitudes (Melinte, section studiedThese taxa are believed to be more abundant in
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Nannofossil distribution: rare. few| commonl abundant| | Nannofossil zones: 1-after Sissingh (1977); 2 - after Burnett (1998

~

Figure 7. Range-chaiof nannofossil species in the Olazagutia sect#diundances werrecoded as follows: abundant, >1 specimen/field of
view (FOV); common, 1 specimen/2-10 E@W, 1 speciment20 FOV rare, 1 specimen/>20 FOfafter Melinte and Lamolda, 2002, fig. 2).

nearshore and epicontinental areas than in open oceans (Thiersteifgraminifera (e.g.Globotruncana Costellagerind, and benthic
1976; Perch-Nielser1985).This observation is consistent with the foraminifera (e.g/Neoflabelling Sensioeind enable correlation with
palaeogeographical setting of the Olazagutia section, situated in theorthern temperate and austral regions.
Navarro-Cantabrian Platform, with sediments deposited on a rapidly
sinking shelf. Access

Planktonic foraminiferal assemblages are typical offé#tayan
Realm, mostly of globotruncanids s.I., whereas globigeriniforms (e.g.,  The owners of the quarrfementos Portland, have agreed to
Archaeoglobigerinpare usually minor component§he genus maintain the section and allow access for research (Fith& GSSP
Sigalia occurs, especiall. carpatica which characterizes the is protected by governmental agreement between the Navarran
palaeotropics between tA#lantic and southerilibet. Interestingly Regional Government, the Instituto Geoldgico y Minero de Espafia
the occurrence of benthic foraminifera, mailNgoflabellinaand (Spanish Geological Survey) and the owners.
Sensioeinaallows a correlation with the temperate northern region,

especially in the CSB interval. . . . .
The inoceramid fauna belongs to the southern EuroamericanoverVIeW and dISCUSSIOn Of the main

Province (Kauman, 1973). In fact, the upper part of the Coniacian fOSSIl groups and events
in northern Spain, including the southern central Pyrenees, is
characterized by Magadiceramusspp. fauna, and the lowermost
Santonian by. undulatoplicatusNo sphenoceramids are known in
the region. The geographic distribution of inoceramid species relevant for
In summary most of the fauna and calcareous nannofossils arethe CSB highlights a bioprovinciality in their assemblagdse
cosmopolitan or with a wide palaeogeographic distribution in low primary markePlatyceramus undulatoplicatsig. 10) has a wide
and middle latitudes. It is noteworthy that some planktonic geographic distribution, but it is not known in the Boreal, nor in the

Inoceramids
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Figure 8. Carbon isotope curve for the Olazagutia section and
suggested correlation with East Kent (dafrom Jenkyns et al.,
1994). Horizonal lines indicate positions of the first (FO) and last
(LO) occurrences ofPlatyceramus undulatoplicatus (Roemer),
which have been used to calibrate relative sedina¢ioh rates at
the two sections (&r Lamolda and Paul, 2007, fig. 3).
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Pacific realmsThe FOs ofPlatyceramus cycloidesnd subspecies
seem to be good proxies for the CSB, in the absence of
undulatoplicatusThey occur in Norttfrica, where they used to be
the marker for the local CSBhey co-occur withP. undulatoplicatus

in Ten Mile Creek, northern Spain (Gale et al. 2007, Gallemi et al.
2007), northern Germany (Lépez et al., 1992), Anstria (Troger

and Summesbger, 1994).The LO ofMagadiceramuspp. is not a
good proxy for the CSB, as it has been recorded well below the FO of
P. undulatoplicatusThe FO ofCordiceramus catiformis in the lower

part of the Santonian, could help in recognizing of the CSB, as this
species co-occurs with undulatoplicatusn northern Spain and at
Ten Mile Creek. Itis also known from the lower part of the Santonian
in Germany In the Boreal Realm, the FO of thMelviceramus
cardissoidespachtigroup may be a good proxy for the CSBd@er
1989).

Ammonites

Most ammonite species occurring across the Coniacian/Santonian
transition are not cosmopolitan. Nevertheless, they allow a biozonation
from the middle Coniacian to the middle Santoniime LO of the
late Coniacian specidRrotexanites boweoisi which has a wide
geographical distribution, is not a proxy for the CSB as its known
records lie well below the FO & undulatoplicatusSeveral species
of Hemitissotiahave their LOs close to and above the FQP.of
undulatoplicatusn northern Spain, and they could thus be a proxy
for the CSB, but of local interest onfshe FO oKitchinites emscheris
may be a good proxy for the CSB, but exclusively in the Miinsterland
Basin, Germany (Kaplan and Kennedy 2000¢ FO oflacenticeras
polyopsisin the lowermost Santonian was regarded by Dhondt et al.
(2007) as a good proxy for the CSB, but checks of other sections are
needed to ascertain whether or not it is a reliable marker

Planktonic Foraminifera

Sigalia carpaticgFig. 11 A-C), the secondary marker of the CSB
(Lamolda and Hancock, 1996), is a relatively widespread taxon in
the palaeotropics from thlantic Ocean to southeffibet. Both its
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Figure 9. Suggested carbon isotope correlation between three sections in southern England (Baxasr Cliff, and the Tunch Borehole),
and the two candidate GSSfections (€n Mile Creek, €xas and Olazagutia, Spain). FO, first occurrenceRdatyceramus undulatoplicatus
the primary biomarker for the base of the Santoniatage. \értical line against the @n Mile Creek -Arbor Park isotope curve indicates the
extent of the candidate GSS&ection. Note that the vertical scale for theufich borehole is in metres below surface f@af Paul and

Lamolda, 2009, fig. 5).
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(Fig. 11D) is close to the CSB in Europe, both
in typical Tethyan and in temperate northern
localities. It is a proxy of the CSB to be
checked in other regions where neittirer
undulatoplicatusor S. carpaticaare found.

Relatively common occurrences Df
asymetrica(Fig. 11F, I) similar to that oD.
concavata are known from lowermost
Santonian strata at many localities.
Nonetheless, it occurs throughout the upper
Coniacian at low frequencieghus, its first
common occurrence may be an additional
proxy of the CSB in the palaeotropics, except
in shallow-water facies.

Figure 10.Platyceramus undulatoplicatus(Roemer), the primary marker for the base of th‘Benthic Foraminifera

Santonian $age.A Universitat Autdbnoma de Barcelona 67000. Found loose. B Field photo-

graph of an uncollected specimen with a juvenileaathed (arrowed) from the GSS$ection. The uppermost Coniacian is characterized

Scale bars 1 cm (A) and 5 cm (B}.whitened with ammonium chloride for photography  py the LO ofSensioeina granulataand the

FOs ofS. polonicaS. granulata incondita

FO and consistent occurrence lie near the CSB, below and aboveCibicides eriksdalensjsindNeoflabellina gibberaln the lowermost

respectivelyThe FO ofCostellagerina pilula(Fig. 11G H) is just SantonianS. granulata inconditaC. eriksdalensisandN. gibbera

below the CSB and this widespread species may be an additionghcrease their abundancesid the FOs dfleoflabellina praecursor

useful marker and N. santonicaare recordedAll cited species, except the latter
The FO of pillbox-like morpho-types @flobotruncana linneiana ~ two, have a wide geographical distribution, especially in the

Fig. 11. Planktonic foraminifera from the Cantera de Margas GSSéction A1-A2— Sigalia carpaticaSalaj and Samuel, sample 98-5; B1-
B2, C1-C2 -Sigalia carpaticaSalaj and Samuel, sample 97-8; D1-B2Globotruncana linneiana(d’'Orbigny), sample 98-10; E1-E2 —
Globotruncana linneiana(d’Orbigny), sample 97-4; F1-F2 Bicarinella asymetrica(Sigal), sample 97-6; G1-G2Costellagerina pilula
(Belford), sample 97-6; H1-H2 Costellagerina pilula(Belford), sample 98-10; 11-12- Dicarinella asymetrica(Sigal), sample 98-1. Scale
bars represent 100 pm.
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transitional region between thBethys and Boreal realms.

Neoflabellinaspp. are known from Northmerica (Texas, USA), the
Russian PlatformjVestern Carpathians, Germangrthern Spain and
Tunisia.Thus, they are potentially good indices for the CSB femint
paleogeographical areas.

Calcareous Nannoplankton

The CSB is placed between the FQ.a€ianothabdus cayeuxii
and the LO ofLithastrinus septenariyswithin the CC16 Zone of
Sissingh (1977), and in the UGdSubzone of Burnett (1998)ove
the FO ofL. cayeuxiia consistent occurrence ©&lculites obscurus
is noted, which in other localities is recorded as its locaArOther
nannofossil event identified in northern Spa&instria and southern

11

planktonic foraminifeiContusotruncana fornicata

Wendler et al. (201) proposed a correlation between the pelagic
Upper Cretaceous from southéiibet (southern border of tiiethys
ocean) with chalks from southern England and northern Gerrimany
the Boreal Realm, studied by Jarvis et al. (2006) \avidt et al.
(2010), respectivelyVendler et al. (2Q1) recognized six carbon stable
isotope events between the middle Coniacian J2 event and the late
Santonian Hawks Brow event in tiiegri section.The local FO of
D. asymetricds consistent with its FO in Romania, as it is close and
above the middle Coniacian J2 event, and is below the upper Coniacian
Kingsdown evenfThe local FO ofS. carpaticas consistent with its
common occurrence in the lower Santonian everywhere. Interestingly
bioevents and/or stable isotope events allow recognition of the CSB
at those localities despite the absence of the primary mdtker

Romania that could be further checked for its reliability in other undulatoplicatus

sections, is an increase of holococcoliths sometimes associated with

the FO ofLucianohabdus inflatusabove the FO dfucianothabdus Cyclostratigraphy and geochonology

cayeuxiiand below the CSB. In addition, a reliable event could be a

higher abundance dficula concavawhich occurs across the CSB. As mentioned above under lithostratigrapihappears possible

to distinguish about five decametric cycles across the CSB in the

Olazagutia sectionWhether or not these cycles can be correlated to

other localities, e.g., the Niobrara Formatidfestern InteriqrUSA
Carbon stable isotope curves have been published for the twgLocklair and Sageman, 2008) is unknovihose authors proposed

candidate sections for the Coniacian-Santonian boundary GSSP (Gake 400 kyrcycle series, allowing the identification of both the current

et al. 2007; Lamolda and Paul 2007). In addition, Jarvis et al. (2006)and previously accepted local CSHthough theWestern Interior

published several curves covering the same interval for sections irshows an endemic macrofauna, especially ammonites, those results

southern England in which they name a series of carbon isotope eventare a good point of reference for further reseafatording to

Those isotope events are always local maxima, (i.e., peaks) in th&radstein et al. (2012) the CSB is 86.26 + 0.12/0.49 Ma in age.

carbon isotope curve, but the intervening minima (troughs) may also

be used in correlation (Paul and Lamolda 2008g correlation of The sequence of events agss the
the isotope events in England is further supported by very detailed

bio- and lithostratigraphydarvis et al. (2006) listed 45 bioevents Coniacian-Santonian transition in

between the base of the Cenomanian and the top of the Campania H

and over 30 lithological marker horizons used for detailed correlation.eDIazagutla

These sections in southern England provide an international standard The results discussed above enable recognition of the sequence
for carbon isotope correlation of the Cenomanian through theof events across the Coniacian-Santonian transition along the eastern
Campanian. Gale et al. (2007) were able to correlate some of théorder of the “Cantera de Mgas” quarry (OlazagutiaJhese are, in
isotope events recognized by Jarvis et al. (2006) in the sections adtratigraphic order from oldest (1) to youngest (20). Potentially reliable
Ten Mile Creek andvrbor Park,Texas, and to relate these to other events (Paul and Lamolda 2009) are shown bold, other events
bioevents in th&en Mile Creek. Paul and Lamolda (2009) suggested previously considered relevant are underlined.

correlations of the carbon isotope events recognized by Jarvis et al.
(2006) in southern England with those at both Olazagutiarend

Mile Creek (Fig. 9).

Carbon Sable Isotopes

20— The LO ofLithastrinus septenariuat the 12.4 m level.
19— The Bedwelld °C stable carbon isotope event at the

Carbon stable isotope events permit long-distance correlation, 106.75 m level.
even between quite ddrent palaeoenvironments and 18- The LO of Platyceramus undulatoplicatuat the
biogeoprovincesTakashima et al. (2010) provided a good example 105.9 m level.

of correlation between Upper CretaceOL{;,g Gtable isotopes of 17— The FO of Platyceramus cycloideat the 99.1 m level.
terrestrial origin (wood) from North Hokkaido, Japan, and classic 16— The Michel Dean&'C stable carbon isotope evenand
localities in S England and Central Italy (marine carbonates). consistent occurrence 8fgalia carpaticeat the 98.6 m level.
Correlation of eight carbon stable isotope events since the early 15— The FO ofNeoflabellina praecursoend the first common
Coniacian Navigation event to late Santonian Hawks Brow event occurrence obDicarinella asymetricat the 95.8 m level.
provides new insights about the location of the CSB with respect to 14— The FO of the pillbox-like morphotypes Gflobotruncana
macro- and microfossil biozonations. In fact, the F@hoteramus linneianaat the 94.5 m level.

amakusensissed as biomarker of the CSB in North Japan and Far 13— The FO of Platyceramus undulatoplicatuat the

East Russia is found close to and above the Navigation event instead 94.4 m level.

of the Michel Dean event, as would be expected using carbon stable12 - The FO of abundarlicula concavaat the 93.8 m level.
isotope stratigraphy (Jarvis et al., 2006; Paul and Lamolda, 2009). 11 — The FOs ofNeoflabellina gibberaand Lucianohabdus
Therefore, the FO df amakusensiis early Coniacian in age. In this inflatus and the FO of abundant holococcoliths at the 92.6 m
case, a proxy for the CSB in North Japan could be the local FO of the level.

Episodes & 37, no. 1
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10— The Peak 33 1C stable carbon isotope event at the

90.85 m level. References
9 — The FO ofCostellagerina piluleat the 90.4 m level. Amiot, M., 1982. El Cretacico Superior de la Region Navarro-Cantabra, in
8 — The Peak K2 upperd *3C stable carbon isotope event at GarciaA. (Coord.), El Cretacico de Espafia. Universidad Complutense,
the 89.45 m level. Madrid, pp. 88-11.

7 — The Peak K2 lowerd*C stable carbon isotope event at the

Amiot, M., Floguet, M., and Mathe)B., 1983. Relations entre les trois
domaines de sédimentation. Wue sur le Crétacé basco-cantabrique et

87.45m Ieve_l. . . . nord-ibériqgue. Mémoires Géologiques Université Dijan9,vpp. 169—
6 — The FOs ofSigalia carpaticaandCalculites obscurust the 175.
87.4 m level. Birkelund, T., Hancock, J.M., Hart, M.B., Rawson,FR Remane, J.,
5 — The FO of Lucianorhabdus cayeuxiat the 81.9 m level. Robaszynski, F Schmid, E and Surlyk, F 1984. Cretaceous stage
4 — The Peak K18 °C stable carbon isotope event at the boundaries-Proposals. Bulletin of the Geological Society of Denmark, v
81.6 m level. 33, pp. 3-20.
3 — The FO ofLithastrinus grillii at the 79.9 m level. Burnett, J.A., 1998. Upper Cretaceous, In: BowsR.Ped. Calcareous

2 — The Kingsdown 8*C stable carbon isotope event at the

1 — The FO ofMagadiceramus subquadratas 64.6 m level.

Nannofossil BiostratigraphyLondon, British Micropalaeontological
Society Publications Series (Chapman and Hall Ltd/Kludedemic
Press), pp. 132-199.

Coquand, H., 1857. Position des Ostrea columba et biauriculata dans le groupe
de la craie inférieure. Bulletin de la Société géologique de Frange, v
no.4, pp. 745-766.

77.2 m level.

Summary Dhondt,A.V., Lamolda, M.A., and Pons, J.M., 200%ra&igraphy of the

Coniacian-Santonian transition. Cretaceous Resear@3, yp. 1-4.
Gale,A.S., KennedyJ.W, Lees, J.A., Petrizzo, M.R., aNdalaszczyk, .,
2007.An integrated study (inoceramid bivalves, ammonites, calcareous
nannofossils, planktonic foraminifera, stable carbon isotopes) d&the
Mile Creek section, Lancastdballas CountynorthTexas, a candidate
Global boundary Batotype Section and Point for the base of the

The “Cantera de Mggas” section has a continuous exposure,
along its eastern bordehrough about 160 m, from the middle
Coniacian to the middle Santonian.

The GSSHor the base of the Santoniatage lies at 94.4 m,

marked by the first occurrence of the inoceraRiatyceramus Santonian Bge.Acta Geologica Polonica. 57, pp. 13-160.
undulatoplicatus which occurs through1l5 m, and is very  Gallemi, J., Lopez, GMartinez, R., and Pons, J.M., 2007. Macrofauna of
common in the first 2 m. the Cantera de Mgas Section, Olazagutia (Coniacian/Santonian
The CSB is bracketed by Peak 3 and the Michel eHC boundary Navarro Cantabrian Basin, N Spain). Cretaceous Research,

stable carbon isotope events, 3.55 m below and 4.4 m above the V- 28 PP- 5-17.

CSB, respectivelyThe CSB lies immediately above thé3C Gradstein, M., Ogg, J.G Schmitz, M., and Ogg, (2012 The Geological
. Time Scale 2012, NeWork, Elsevier 2 volumes.
minimum between these two peaks.

; ) . ) Grafe, K.U., andViedmann, J., 1998. Sequence stratigraphy on a carbonate
Graphic correlation of stable carbon isotope events is one of the 3 the late Cretaceous Basco-Cantabrian Basin (northern Spain), in
most accurate tools for international correlation (Paul and Graciansky P C. de, Hardenbol, J., Jacquih, andVail, PR., eds,
Lamolda 2009). It allows calibration of bioevents, plus distinction Mesozoic and Cenozoic SequendeaBigraphy of European Basins.

of which are good time planes and which are not. It should be a  SEPM Special Publication, no. 60, pp. 333-341.

standard procedure in selecting GSSPs. Hancock, J.M., 199 Ammonite scales for the Cretaceous System. Cretaceous
Only four bioevents appear to be reliable as time planes: both ~ Research, V12, pp. 259-291. _ _

the FO and LO oP. undulatoplicatusthe FO of the nannofossil Harland, W.B., Armstrong, R.L., CoxA.V., Craig, L.E., SmithA.G,, and

. . . . Smith, D.G, 1989.A GeologicTime Scale 1989. London,The British
Lucianothabdus cayeuxijiand the FO of the inoceramid Petroleum Company plc.

Platyceramus cycloide$he latter is also a good proxy for the Howe, R.W, Sikora, Bl., GaleA.S., and Begen, J.A., 2007. Calcareous

CSB. nannofossil and planktonic foraminiferal biostratigraphy of proposed
In the critical interval, e.g., between the FO of the planktonic stratotypes for the Coniacian/Santonian boundary: Olazagutia, northern
foraminiferSigalia carpatica 7 m below the CSB and the FO of Spain; Seaford Head, southern England; @ed Mile Creek,Texas,

P. cycloides4.7 m above the CSB, there are 10 additional notable =~ USA. Cretaceous Research28, pp. 61-92.
bioevents to characterize the CSB intervEhese allow Jarvis, |, GaleA.S., Jenkyns, H.C., and Pearée, 2006. Secular variation

correlation of Olazagutia with northern and southern temperate in Late Cretaceou_s carbon 'SO.mpeS: ab@ carbonate reference curve
. . " L. for the Cenomanian-Campanian (99.6-70.6 Ma). Geological Magazine,
provinces, in addition tdethyan localities. V. 143, pp. 561-608

Jenkyns, H. C., Galé. S., and Corfield, R. M., 1994. Carbon- and Oxygen-

ACknOWIGdgementS isotope stratigraphy of the English Chalk and Ital@eagila and its

palaeoclimatic significance. Geological Magazinel 31, pp. 1-34.
We are grateful to the owners, Cementos Portland, for unlimitedkannenbeg, M., 1985. 8atigraphischérbeiten in der Kreide der westlichen

access to the quarry for research and for the original version of Fig.  Barranca in Navarra, Nordspanien und statistische Untersuchungen der

1B
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Martinez, Mihaela C. Melinte-Dobrinescu, Seiidloishimitsu, and
Elena Jagt-&zykova, all of them members of the Santohimking
Group, for their help in preparing the proposal. Reviews Wy 3.

Campan). DiplonThesis, Freie Universitat Berlin, 100 pp.

Kaplan, U., and KennedyV.J., 2000. Santonian ammonite stratigraphy of
the Munster Basin, NVBermanyActa Palaeontologica Polonica,50,
pp. 99-17.

Kauffman, E.G 1973.The Upper Cretaceodsoceramusof Puerto Rico.
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