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plankltlllic for.lIuinifcra Zonc P3¡1. while lhe uppcrmOSl D¡¡nian is

rcferred lO lOnes Pie or 1'2. TIlC!<oC l'Orrclations are primarily based
(Xl a sin.@le(lC("urrence of lhe planklonie fOr.Iminifcl1l Mom:tJI·t'I/(1

(lIlglll(lf(l. irKlcx f05$il of Zone P3a. in lhe SelaOOian :11 Copcnhólgen

(Hanscn 1968). ¡md on lhe presente of G/obocOlIll.m (/(mbjergell.\¡.f

in lhe uppcrrn()~l Dunian ul 1l1()~t oollndary IOC:llities. The highesl
oceurrcncc of G (itmbjt'rgt'lI.fis is widely 1I ....-d lO ¡¡pproximale lhe 10p

of Zone Pk (Obson el al. 1999). Bcrggren el al. (1995. 2000)
prollO"'---U lo place lhe Danial1lSclaOOian bouOOary (arbilrarily) allhe

P2IP3lonul bollndary eom:laling. approximulely, wilh lhe milldle of
lhe Cale¡lrcous n¡l1\nofos~il Zonc NP4 and wilh the base of Chron

C26r.
A~ predieted by Bermlren (1971). youngcr I>.lf1ian dcposils which

narrow the slrilligr.Jphie gap in lhe suñace exposurcs are prcsenl in

lhe subsurfaee of lhe D¡mish Basin. With lhe f\."<:(jvcry of more
eonlinuous drill cnrcs, ineluding ~Olne from lhe SlOreba:1t arca, a

gr.ldu:lt and eomplele sucl·cssion oflhc Danian·Selandian lmnsiliun
eould be studied in greal delail, Thc sueeession of cakarcous
nannofossils in Ihcse cores. and panicularly Ihe appcar.mee of

Nt'Q('IIifls/o::.ygIlJ /Jt'rft'CIIIS clase lO lhe boondary. indicales lhal lhe
Dani¡ll1 lO Setandi¡1ll c1mngc from limestonc lO CI¡IY oceurs in lhe

upper pan llfZllllC NP4. c10se lO lhe NP4/NP5 boundary Cl1lOmSCIl
and Hcilmann·C1ausen 1985;nlOlll~n 1994; von Sulis Pcrch-Nicbcn

1994; Clemmensen :ll1d Tholllscn 20(5). Aeeording 10 Berggrcll el

al. (1995) lhe NN/NP5 boundary is silualed in Ihe lower part 01'
planklonic foraminifcrJ ZOne P3b, ~uggesling lhallhc uppemlOSl part

of lhe Danian dcposilS in lhe Sloreb:eh cores should be referrcd lO

7..om: P3a. This agn:cs weU wilh magnclOslr.Jligr.Jpl1ie swdics of lhe

Slorcb:clt eorc 8604A showing lhallhc D:llIi¡ll1/Sclnndian ooundary
occurs a short diSlancc up in Chron C26r (Ali el al. 199-1).

Thc dclailcd sequencc ofC'Jlcarcous nanoofossil al>pcarJoccs aOO
lhe magnelochronology al Zumaiasuggest mal lhe lilhological change
frorn lhe Aillgorri Linle'\IOOC FormaliOll 10 lhe marls of thc Itzunm
Fonnation reneels lhe sarne p:11cogl'Ogr.lphie cvcnl lha! callscd lhe
facies shift from Dunian lirnc.~lones lo Selandian gn:cnsands. days
and murl~ in Dcnmark. Sueh a rclalionship was firsl proposed by

Schmilz el al. (1998) who foond lhe ro of N. ~if«lIls in Zumaia
c10se lO Ihe Aillgorri Limc5londlt.lUrun formalional boundary.

SubSCl:IUCnl m:lgneloslr.Jligr.tphic and bioslrnl igmphie sllldies refcrrcd
lu alxwe givc fllrlhcr supporl for sucll a corrdalion (c.g.. Arcnillus
and Molina 2000: Dinares-TlIrcll Cl al. 2003. 2007; Arenillas el al.

2Q08: Bcmaola el al. 2(09). This included a relocalion of lhe FO of
N. /}~rf~CIfjS lO ca. 3 m below Ihe AitJ;gorri LimestonelltlUrun
forrnalional boundary (Fig. 16). Considering Ihe slrong regional
evidcn(;c for u .'>C:.-Icvcl f¡lll c10se lO Ihe NP4/NP5 bound¡¡ry ¡md in

lhe lower pm1 of magnclochron C26rbolh in Denm'lrk aOO the l3asque

Clemmensen & Thomsen, 2005 Bemaola et al. 2009 Rodriguez & Aubry, 2006
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region (Knm I994b: B¡¡Cela clal. 2007). "nd lhe facllhallhcsc regions
are on Ihc order of only 1500 km a¡X1f1 ¡¡Iung lhe nol1heaslern Allanli('
margino makcs il likely lh:n lhe S:llllC cvelll has bccn rcgislcred.

TIICsc conclu~ions are further supportcd by a recenl sludy uf lhc

Bidan alld Loubieng oUlcrop scctions in A<luilaine in soulhwcSICrrl
Franee (Slellrl)aul :md SZlr.1kos 2008). High-resolulion ea1careous

n:mnofossil and foraminiferal invesligalÍons oflhcse sCclions dcfincd
<l limc calibraled ~cquencc of 47 bio-evellls wilhin lhe Danian­
ScI;llIdian lnlll,iliun inlerval. The Dall;an/Sel;mdian ooundary. a~

originally defillcd in Dcllmar\.;. is cocv¡11 wilh Ihe lilholugie change

from limCSlOnc-dominalcd (Lasscubc Formalion) lO marly
."CdimcnulIion (Lalapy Mcmber uf lhe POIll-Labau Formalion) in

soUlhwi.'Slern Aquilainc. This horizon is also eocv¡¡1 Wilh lhc Ailzgorri
LimcslOllcfllzurun f0rl11¡llional ooundary ¡ll ZUfllaia. The Dimi;lIIf

Selandian boundary in lhese areas is markcd by Ihe end of lhe :leme
of lhe nannofossil family Braarudosphaeraceac. possibly due lO lhe
disruplion 01' frcsh walcr illnux rclmcd lO c1imatie ehanges (Steurbaul

amI S/.lrákus 2008: Bernaula el al. 20(9). Sludies of S<.."X:lions aeross
lhe upper Dani:1Il and 10wer Sel¡lIldian in Bclgium indiclIle:l similar

>ea-Ievcl hi~lory in rclalion 10 bio,lmligraphy as in Dcnrnark and lhe
Bay of Bisc¡lY rcgioll (Sleurb¡Ull ¡uld SZln¡ko~ 2008). TIle sea-leve!
changes lhercfore arc cilher cU~lalie or relaled lO large-scale leClonic

evenls affccling lhe enlirc norlhweslern Europe. Cyc1o- and
magneloslmligmphic sludies oflhe Loubieng scrlion wilh corrcl:llions

lO ZlImaia have fllrther refincd lhe slmligraphic schcme aeross lhe
D¡¡nian-Sclalldian lmnsilioll (Dinarh-Turell el al. 2(10).

Base of Thalletitlfl

Corrclalion lo lhe hislorie:ll1Ype area is slraighlforward w;lh lhe
hclp of rnagncloSlmligmphy (base 01' Chroll C26n) aud calcareous

n:Jnnofossils (uppcrZone NP6) (Aubry 1')94: Hine 1')94: Knox 1994a:

Ali and Jolley 1996). TIle basal Thanelian in ilS original lype arca
and ils ellslem prulongalion in Belgiul1l. as wcll as al Zumaia and in
shallow-waler sectiolls in lhe Pyrenecs retlcets a major lransgression.

mnsl likely rclaled lO lhe same euslalic or regional isoslalic eve!11
(Knox 1994l1.b: Sleurbaul 1998: Puj¡¡11e el ¡ll, I998a.b. 2000).

Correlation lo lhe Telhys
In lhe soulhern TClhyan re;lIm (e.g. Egypl. Tunisia. l¡,m(1)

sedirnenlalion condilions in lhe early and middle Paleucenc arc \'ery

difTerent fromlhe weSlcm Europcan b:lsins. Seclions in Ihe soulhem
TClhys over lhis irllcrval are lypic:JlIy eharaelerized by monolonOllS
brownish grey marls. One particular mid-Pa!cocenc evenl levcl.

represenled eilher by an uneOnf0rt11ilY (in severa! Tunisian sccions)
oro as ¡l promincnl organic-rich,.bcd.laminalcd and rich in tish debris

(in several EgY]Jli.rn seelions). has been considered lo possibly
represem a Danian/Selandian boundary cvenl (SleurbaUl el al. 2000:
Spcijer 2000. 2003: GuaSli el ;11. 2006: Van IUerbceck el al. 2007:

Obaidalla el al. 2009: Soliman and Obaidalla 2010). This leve! has
previously bcen lhoughllO correspond lO lhe now dclined base of lhe
Se1:mdian al Zunmi¡¡ (e.g.. Spcijer 2003). bul recenl ca1carcous
nannofossil and fomminifeml ~tudies ,how lhat lhis evenl is ca. 4()(}­

600 kyr oldcr (Bcrnaola 2007: Slcurbaul and SZiriÍkos 2008: Sprong
el al. 2(09) and is now lenlled lhe L;llesl Danian Event (Borncmann
el al. 2(09). In lhe Qreiya scclion lhe organie-rich I¡¡yer OC('urs

appro:"¡lIHllcly 1 m lIbove lhe FOs 01' C. ('ll('IlW/I/S ¡¡lid lhe small
fasciclllilhs (Sprong el al. 2(X)')). According lO lhe cycloslrmignrphie

t¡,¡sodes \i>/. j.¡. l/O. 4
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sludie.~ al Zunmi:l lhe FO of C. edl;'lrlll/I/,\' :lnd \he lirsl cnnlinunus
QCcurrem:c 01' SI'!lellu/il/III.\' ¡¡re 32 and 22. re~pcclively. bedding

COuplclsfprecession cycles bclo\\' Ihe IOp 01' lhe AilzgOni Limeslone

Fonnalion (Bcmaola 2007: 13emaola el nI. 2009). Assuming a II\cun
pcriod 01'21 kyr rur lhe precession cyc1es lhis means lhallhe* e\'ent~

are respcclivcly 672 and 462 kyr older lhan Ihe 10]J 01' lhe Danian

limeslones. Al Qreiya lhe organie-rieh layer is silualed belween lhese
lWO events. and il is appro:l:ill1alc1y 570 kyr older Ihan lhe IOp 01' lhe

Ailzgorri Limc~lonc Formalion in ZUl11aia and lhe OunianfSclandian
boundary in lhe originallYpe arca 01' Denmark.

Primary and secondary markers

Base 01 'he Se/alldiall

The besl c\'ent for global. marine corrc!alion is lhe second

radial ion 01' lhe il11pol'l<lnl c¡¡lcarcous n:rnnofossil group. lhe
faseiculilhs (charaCleril.ed by lhe lir~l OCeurren('c of rasl'Ículil/lfls

u/ii s.s.). CycloSlr.tligmphy combined wilh rnagnelOslrm¡graphy lmlY
also be crud;ll. for e:l:lllJlple. in correJalion lO caminenl:ll scclions.
For regional marine eorrclalion. al leasl in nul1hweslcm Eum~. lhe
end 01' lhc acme of lhe nallnofo,~il farnily 13nt:1rudosphacnlCC¡le

logelhcr wilh Ihe cess:uion of long-Icrm c¡lrbonale deposilion and

evidcnce uf sea-leve! fall ean also be used.

Base DI fhe Tlwlleliafl

The C26rfC26n magnelOchron reversal is lhe besl global
corrclalioll 1001 ;md can be applicd lO a varielY of f¡Kies.

Cycloslr:lligraphy logelher wilh lhe posilion of lhe Mid-Paleocene
13i01ie Evenl ean be used for delailed rn¡lrine correl:llion.

Accessibilily, conservalion and
prOleclion

Considering lhe exposure ¡¡long lhe main "playa" of lhe lown
Zumai¡¡ aecessibililY lO lhe GSSPs is oplirmll. There is cvcn ¡l holel

loealed on 101' uf lhe c1iff seclion (on lhe uppcr Thanelian pan of lhe
slrala). TIle lihed nmurc of lhe sImia ulJows cxccllcnt access along

Ihe be;leh ul lhe sall1c lime as one ascends ()J' descends lhrough Ihe
geologic record. Aecess is limiloo during high lide ;md slmng 1,1I1dward
waves. howevcr. bolh GSSPs arc aboye lhe highesllevcl whcre wave

:lclion normally erodes lhe cliffs. and lherc is no risk lhm the scclion
will be 10Sl beeausc of erosion. TIle ditl's and lhe beach are major

lourisl allnlc1Íons aud lhe loe¡¡l eomrmrnilY llnderswnds lhe "alue of
preserving Ihe arca frolll exploilalion lhal may dam:rgc lhe GSSPs.
Morcover. lhe enlirc oulcrop was prolccled by lhe Basque Govemmenl

in FebruMY 2009 wilh lhe "Deba Zumaia Coaslal 13iolOpC"'. a
dcclamlion lhirl guarantces lhe conscrvalion of lhe oulcrop. 11 is lhe
t1rsl gcological oUlcrop prolecled by law ill lhe Basque Counlry. The

managemel1l of lhe l3iolOpC. incJuding lhe Palcocene seclion. is in
eharge of lhe COUlllY Council of Gipu~.ko¡l. which has crealed a
pal1icular "scienlifie rnanagcmen¡" 10 ensure Ihe pcrforrll¡lncc of lhe

lhree lllain objeclives 01' lhe nalural reservc: lhe proleclion 01' lhe
oulcrop. lhe prornolion and coordinalion of the scienlÍfic rcscarch

amllhe popul;lrizaÜon 01' the gcologieal V¡¡llle 01' lhe area. Therc are
no rcslriclions lO salllllling. bUl il is advis;lble lO conlacllhe scienlitk
managemenl orlhe scrlion (flysch@gipuzkoa.nel)IOOblainlhespccial
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~"'" .pcnnil dial is rcqum:d lO worl. in the arca. It i~ also imponam 10 note

lhal lhere i.. an Inlerprelation Ccnler in Zumaia caUed Algorri and

that 3 complele progrom ""ilh geologieal guirJed cxcursion:. has bcen
dc\'elopcd lO promote Ihe knowledge of lhe section among scholaTS
and \'i~itors. TIIC Zumaia M:Clion also contains excellcnl records of
lhe CrclaceomJPaleogene and PalcoccnefEocelle bounuaries. :jdtlillg

lO ilS gcological significan<.-c.
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lWO jeeps plus desen pcrmils. The ZUmai¡1 scelion is abo more

exp.1nded Ihan Ihc Qrciya seclion. alleaSl across the Dani:m-Sel:mdian
Ir.Jnsilion. An importunl <'·onsider.llion is Ihc facllh31 high.resolUlion
cyclrn.lr.Jligraphy aOO good magnelostr.lligrophy exisl for Zumai¡¡.

wlw:reas lhese parameters canOOl be uscd al Qreiya. This i$ a very
'ilrong argumem in fa\'or of Zumai;). Prescn"alion of fOl"3lllinifem

and calC".lreous oannofossils is superior al Qrciya rclatl\'e 10 Zumaia.
bul preservalioo al Zumaia is slill sumeienl for csl¡¡blishing a high~

resolUlioo bioslrotigrJphy. Al Zumai:l cOlTclalions and ('olllpamti\'c

sludies eunl:e madc Wilh nearby coeval scdimenl scctions rcprescming
a wiuc mnge of facies and envimnmenls. including base of slope
apron. inner and OUler shelf. deep-sc¡j ch:mnels and even cOntinenlal

f¡leics in Ihe Trcmp Basin lO thc southe¡ISI (Schmilz and Pujalte 2003).
TI,is correlation pOlcntial opens the prospccl for del¡¡iled Icmporo'

and spalial reconslruclions of sea-Ievel changes al Ihe Danianl
Sel300ian aOO $ebndianffhanelian boundaries. Al Qrciya llw:re is
also subSlantial eorrelalion pOlenlial. bul lhe speetrum of

paleoenvironments is 001 as wide as in lhe Pyrenean regioo. Al lhe
final nt<.'Cling of lhe Palcocenc Working Gmup. held in Zumai¡¡ in

June 2007. lhesc issuc:. were discus.~ed in delail. and based on
evalu:llion.~ of eXlensivc ¡jnd detailed dalu SCIS lhe Zumaia scclion
was unanimously considercd Ihe mosl suitable seclion lO host lhe

II)F__ larlongrro;. TelhyIVES

-9"Ill!'oc~""" _OCMnVES
Nom~.... YES

.....................................1 ..

,) ""*-Y'"-

"'ig/ln J7. SUII/I1Itlry ofelYlJualiol/ oftlle ZIII1Itlio sectiollfor 1I0ldil/g
lile Se/OIldiQII O/Id T/J(I/u!lioll GSSI's ill re/aliOli 10 lile
recommellllaliol/s by the IlIlematiOllll1 COlllmissioll (JI/ Slr(lligropl!J.

lllCre was a general rttOgnilion early in lhe !toCleclion procedurc

lhat Zum:lia would be onc of lhe prime caOOidatcs for GSSPs.. but
ne\'erthclcs.., (klaik-d orpilot :.Iudics have becn madc of ¡¡ large numbcr
of set1ion, mainly in the COUnlrics ¡¡rounu lhe Medilerrnnean. ll1c

following ahemalive seclionl> halle been l>Criou'>ly considcr\:d: Gebcl
Awcina. Gebel Duwi and Gebel Qreiya in thc E;l'>te01 Desert of Egypl

(e.g.. Charisi and Schmil~ 1995. 1995: Speijer and Schmilz 1998;
Spcijer2000. 2003: Sprong el ul. 20(9). Sen Gurion in Israel (Schlllilz
el al. 1997b; Churisi :md &hmilz 1998). Ihe Sidi Nasscur und Ain
$eltar.l seclions near Kalaat Senan in Tunisi¡¡ (Sleumaul el ¡¡l. 2000:

Guasti CI al. 2())6; Van hterbceck el al. 2007: Sprong el al. 2Ol9).
Botlacciooe Gorge and Conlcss:l Highway in haly (Corficld et al.

1991). aOO Carav0C3 in Spain (Arenilla~ and Molilla 1997). In ils
final stage lhe sclcetion proccdure was naITOwcd down 10 a comparison

of lWO ~tions. Zum¡¡ia. anu Ihe Qrciya seclion in lhe Eastcm OcSCr1
of Egypt. Beeuu'>e of lheir cxedlenl records both s..:clions halle beC11
Sludied in uetail by several groups aud cnll~iderable dala elli.,t. A

delailed profile ueross Ihe Qreiyu section was sumpled by B. Schl\1iv;.

R. Knox. N. Obaidal1ah and M. Solim:lll in 2004. Thc.~ sumples
were di:.lribuled wilhin Ihe Paleocene Working Group and ha\'c
rcsulu:d in sc\"crol detailed :.Iudies (e.g.. Bemaola 2007; Monedli

aOO Reale 2007: Oruc-Et~ebaniact al. 2007a.b: Rodríguez and Aubry
2(07). Slr.lligr.lphy aOO p:lleoeo\irooments were also intensi\"e1y

sludied in sc\·cral parallel sectioo!> al Gcbel Qrciya (e.g.. Spcijer
2000. 2003; Bornemann et al. 2009; Sprong el al. 2009).

One major ¡¡dvanlage of ZUIll¡¡i" is il!> poo:.ition interrnedi:lle
bclwccn lhe North Se:l (or borc¡ll) region. whcrc lhe original slr.Jlotypc
seetion:. for Ihe Selandian and ·nmnetian were detined. :md lhe more

southerly Tethys region. e.g. Egypt. Tllllisia and South Spain (SchrnilJ;
et 31. 1998)" 11lc Zum3ia seclion contains faunal and nor.J1 clernenl.'>

represcnlati\"c of both regions aOO this facililalcs corrclalioo belwccn
lile Nonh Sea aOO lhe resl of lhe world. During lhe P3lcoccne lhe
Zumaia sile appear.¡ to ha\'e been alTecled by the <;ame sea-1e\"el ¡md

lilhology ch¡¡ngcs as other northwCSlern European siles. Placiog lhe
GSSPforlhc bascoflhe$clandian allhcshifi fmm limeSlooc lO marl

in the upper NP"¡ Zone P.1YS homage lO Alfrcd R<bCnkrontz's origin:ll
definilion of Ihe Selandian (1924) al Ihe ,>hifl frorn lime.~lone lO grey

marl illlhe Danish Basin. beC:lUSC mosllikely lhe change in lilhology
al Zumuia regislers the sarne regional evenl. The lirncstoncfmarl shift
ofZumai:1 has :llso becn irJcnlificd in Ihe Loubieng scction in Aquilainc
(SW Fmnce) (Steurbaul ¡¡nd SIIr.1kos 2008). Both scclioos are markcd

by a (:ommon dcposilional hislory. as shown by lhe ¡¡Irnosl idcnlical
strotal QlCCcssion and scqueoce ofbio-ncnts. Zumaia excels IhrOlJgh

ilS beller aOO more pennancnl acccssibility of lhe OUIcn>p (roastal
Sttlion \eISUS quarry) and lhe wider gamul of sciemific informalion
(preseoce of magoctoslroligrophic and cyclosllmigrophic sludies). bUl

Loubieng i!> :LlI excellent auxiliary seclion. The Zumaia scclion is
also superior rclative 10 Qrei)'a bccause ofits mllch bellcr aCl.:cssibility.

A visillO lhe Qreiya '>ection rcquires a smal! expedition wilh al leasl

Summary of selection procedures



GSS~ for lhe Selandian ¡¡nd Thanelian Slal;c.... 1ñe .....orking group

earefulJ) cvalualcd lhe slanding of lhe Zumaia M.'t:tion in rclalion \O

lhe requiremenls for a GSSP according lO Ihc I",croalional

Commission on Slruligrnphy. and foond lhm Zumaia is c10se lO ideal
for placing Ihe GSSPs lhere (see fUl1her rompilalion in Fig. 17). 1ñe
Inlemational Union of Gcological Scienees rnlified lhe propo:.cd

GSSPs forthc Sclandian :mdlllanetian slab'CS al Zurnaiaon Scpternhcr
23.2008.

Rel"erences

Adalle. T.. Boile. M.P.. de Kaencl. E.. Gawcnda. P.. Winkler. W. and
\'on Salis. K.. 2000. Climalicevolulion from P.Jlcocene locarliCSI
Eoo.-ne infem:d from c1ay-nlinernls: a lmnsccl from IIOI1hcm Spain

(Zumaya) lO soulhem (Spain. Tunisia) and soulheaslem TClhys
margins (Ismcl. Negcv). GFF. v. 122. pp. 7-8.

Agnini. C. Fomaciari. E. Ram. L Rio. D.• Rühl. U. and Weslerhold.
T.. 2007. Evolulion of middJe PaJeocene lhrough early Eocene
cakareous nanoofossil (001' Sile 1262. Walvi'i Ridge. soolhcrn
Allamic Occan). Marine Micropaleontology. \'. 6-4. pp. 215-248.

Ali.1. R. andJolley. D. W.. 1996. Ou'OnoslrJtigraphic frumcwork for
lhe Thanelian and lower Ypresian dcposits of SE England.

Gcological SocielY of Londoll SpcÓ¡¡1 Publicalion. v. 101. pp.
129-144.

Afi. J. Ro. Heill11anll·Clall~cn. c.. '11OI11scn. E. :ll1d Abr,¡hamscn. N..
199-1. Magnclostruligmphy of the typc Sclandian: preliminary
rcsults: OFF. v. 116. pp. 4].

Alvarcz. W..Alvarcl.. L W.. Asaro. Eand Michcl. H. V.. 1982.Currcnl
S1alus oflhe impac11heoty fOl' lhe lerminal Crclxeous eXlinclion.

Geological SOctCIY of Amcrica Special Papero v. 190. pp. 305·
]15.

Apcllani7.. E.. 1998. los foraminíferos planclóniCQ!, en el lránsito
Crclácico-Terciario: análisis de cuatro secciones en depósilos de

cuenca profunda de la Rcgión Vasco-Cantábriea. Tesis docloml.
Uni\'ersidad del País Vasco. 390 p.

ApcJlanil.. E.. LllInolda. M. A. alld Oroc-Etxcbarria. X.. 1983. Posición
cslrmigráfiea de hls "Calizas del Danés". Pa(s Vasco. Revista

Española de Micropllleolltología. v. 15. pp. 447-455.

Arenillas. 1. and Malina. E.. 1997. Am'llisis eualllitalivo dc los
foralllinífcros planctónicos del Palcoceno de Cara vaca
(Cordillems Béticas); Cronocslratigrafía. biocstr;¡(igrafía y

evolución de las asociaciones. Revisla Española de Paleonlología.
v. 12. pp. 207-232.

Arenillas. l. and Molina. E.. 2000. Reconslrucción palcoambiental
con foraminifel"O!> planctónicos y t:T'OOOCStrnligrafia del tránsilo
Paleoceno-Eot:eno de Zumaya (GuipUzcoo). Revista Española de

Micropaleonlologia. v. 32. pp. 283-.300.
Arcnilla-'i. 1.. Ar¡;. J. A.. and Molina. E.. 1998. Ellímile Crctáci..:<i

Terciario de Zumaya. Osinaga y Músqui' (Pirineos): control
biocslraligráfico y euantitalivo de hilllos con foraminíferos
plllnclónicos. Revisla de la Sociedad Geológica dc España. v. 11.

pp. 127-138.
Arcnill'IS. 1.. Ar¡;. 1. A. and Molin¡¡. E.. 200-1. A new high-rcsolulioll

planklic fornminiferal zonlllion alld subwnatioll for lhe lower

Danian. Lcthaia. v. 37. pp. 79-95.
Arenillas.!.. Molina. E.. Ortiz. S. and SchmiI7.. B.• 2008. ForaminifcrJl

:lOO ljl1c isompic c"clll-slratigraphy across lhe Danian-Selandian
lransilion al Zumaya (northem Spain): chronoslr.uigraphic
implicalions. Tem Nova. v. 20. pp. 38-44.

Eptwdu Ib/. 34. no. 4

1J9

Arl.. J. A.. Arenillas. 1. and t\'lolina. E.. 1999. Extinción de
foraminífcrU\ plal1C1ónicos cn el trán,ito Crclácico-Terciario de

Zumaya (Guipúzcoo): supcrvi\oencia o relaboración? Re\isla
Española de MicropaleonlOlogfa. \'. 31. pp. 297-3()..I.

Aubry. M.-!'.. 199". Thc Thanelian Slagc in NW Europc and ib

signifleant:e in lcml' of global e\·ellls. GFF. v. 116. pp. 43-44.
Aubl)'. M.-P.. Omi.1. K.. Dupuis. c.. Rerggren. W. A.. Van Coovering.

J. A. alld lhe Membcrs of the Working Group 00 lhe PlllcoccncJ

Eoccne Boundary. 2oo7. Global Sland:m:1 SlrJIOlype-St-clioll lllld
Poinl (GSSP) fUI" lhe base of the Eoccnc Series in lhc Dababiya

seclioll (EgYPl). Episodes. v. ]0. pp. 271-286.
Bacela. J. L 1996. El Maaslriehiensc superior. Palcoceno e Ilcrdien-.c

inferior de la Región Vasco-Cantábrica: Secuencia~

Deposicionales. Facies y Evolución Paleogeográfiea. Tcsi~

Docloral. Uni\'ersKlad del P-Jí!> Vas4.'O. 372 p.
Baceta. J. 1.. Wrighl. V. P. and Pujalte. V.. 2001. Palaco-mixing 70ne

\:anol fealures from Paleocenc earbonales of nol1hcm Spain:
crilena for rcrogni¡;ing a potentially wide~pread bul rarely

documentcd diagcnelic syslem. Sedimcnlary Geology. \. 139. pp.
105-116.

Bacela. J. 1.. Pujalle. V.. Serra-Kicl. J.. Robador. A. and Orue­

Etxcbarria. X.. 20C». El Maa~lriclllicnsc final. Palcoccllo e
I1crdicn....c inli:rior de la Cordillera Pirenaica, [n: Vera. J.A. (Ed.).

Geología de Esp:liía. Sociedad Geológica de España-lnslilulO
Geológico y Minero de España. Madrid. pp. 308-]13.

Bacela. J. 1.. Pujalle V. and Bernaol¡l. G. 2005. Pa1ctx:cnc coralllgal
reefs ofthe WC!>lcrn Pyrenean basin. oor1hern Spain: Newevideoce

SUpporling an earlicsl Palcogenc J"CCO\'el)' of reefal ecosystcms.

Palaeogeogmphy. Palacoclimalology. Palaeoecology. \. 22-1. pp.
117-143.

Baceta. J. L Bemaola. G and Aroslegi. J.. 2006. 1ñe mid·PalCOC"t'oc

imer....al al Zumaia. 4.2 Líthostrnligraphy. In: Bemaola. G. Bacela.

J. l.. ?ayros. A.. Oroc-Eoteb.arria. X.. Apcllaniz. E. (Eds.). The
Paleocene and lower Eocenc of the Zumaia scction (Basquc
Basin). Clim:lle and Biota of Ihe Earl)' Paleogene 2006. PO<;I

Confercnce Ficid Trip Guidcbook. Ililbao. pp. ]8.-42.
Baceta. J. 1.. Wriglll. V. P.. Beavillglon-Pellncy. S. J. and Pujahe. V..

2007. Palat'Ohydrological comrol of p:tlacok:1rst mat'ro-porosil)'

gencsis during:l major sea-levellowSland: D:mian of lhe Urbasa­
Andia plmeau. Navarra. North Sp:lin. Sedimentary Geology. v.
199. pp. 141·169.

Ilcrggren. W. A.. 1971. Tel1iary boundarics and correlation~. In:
FunnclJ. B. M. and Riedel. W. R. (Eds.). 1ñe Micropalcomology

oflhe (k:cans. Cambridge Uni\'miIY Prcss. pp. 693-809.
Berggren. W. A.. 1994. In óefenscoflhe 5elandian AgcJSlage. GFF.

v. 116. pp. 4446.
Berggren. W. A. and Aubert. J.. 1975. Paleocenc benlhonic

foraminiferal bioslratigraphy. paleobiogcography and

paleoccology of Atlantic-Telhyan regions: MidwaY-IYPC fauna.
Palaeogcogr,lphy. Palacoclimalology. Palacoccology. v. 18. pp.

73·192.
Berggrcn. W. A. and I>earson. P. N.. 2005. A revised lropical lO

subtropical !'alcogene plaoklonic for.lminifemIlOnation. Joumal
of Fomminiferal Rcscarch. v. 35. pp. 279-298.

Bcrggren. W. A.. Kcnl. D. V.. Swishcr. 11I. C. C. and Aubry 1\'I.-p..
1995. A revise<! Ccnol.Oic geochronology aOO chronoslmligrnphy.

SEPM Spt'Cial Publicalion. v. 5-1. pp. 129-212.
Berggren. W. A.. Aubry. 1.1.-1'.• van Fossen. M.. Kent. D. V.• Norris.

R. D. aOO Quillé\·tré. F.. 2000. Imcgratoo Paleocenc cakareous



140

planklOfl magllelobiochronology alld slllble isotope ~Ir.llignlphy:

DSDP Sile 384 (NW Atlanlie Oeean). Palaeogeography.

P-.J1aeodimlllology. Palacoc<:ology. v. 159. pp. 1-51.

Bcmaola. G. 2002. LU'> nannorósiles calcáreos del Palcoccno en el
Dominio Pirenai¡;;o. Bioeslraligrafía. ¡;;ronoeslraligrafía y

paleoeeología. Tesi" Docloral. Uni~er.sidad del País Va~¡;;o.

445 p.
8em:tola. G. 2007. t ew high-resolulion cakareous nannoros.. il

analY"il> OCTOSl> lhe Danian·ScI:mdian lransilion al the Zumaya

..cetion: Comparison wilh Soulh Tethys and Danish scction...

Inlemaliooal Workshop orIlle Palcoccne Worl.:in~Group.Abstrocl

Volume. Zumaia. Basque Counlry. pp. 13·17.

Ilcrn:lola. G and Nuño-Aran:l. y.. 2006. Cakarcou" ll:mn{)fo~,i1

:1"M:mblagel> acro"~ lhe mid·P:llcocene. In: Bemaola. G. Baceta,

J. 1.. PayTOS. A. Orue·ElxcbalTia. X.. Apellaniz. E. (EtIs.j. 111C
Paleoccnc and lower Eocenc 01' lhe ZUIII;¡i:l scelion masque

Basin). Clirn:lll.' ami !JiOI:! nI' Ihe Early Palcogene 2006. POSI

Conrercnce Fidd Trip Guidcbook. Bilbao. pp. 44-46.

Benmola. G. Baeela. J. l.. Orue·Elxebarria. X.. Alegre!. L.. M:Jnín·

Rubio. M.. Aroslegui. J. and Dinarc..-Turcll. J .. 2007. Evidcnce

01' an abrupl environmcnl:ll di ..nlplion during lhe mid-P:llcoeenc

biOlic e\enl (Zumaia "l'Clion. weqern Pyreneelo). Geological

Socicly 01' Amcrica Bullelill. v. 119. pp. 71:15-795.

Bcmaola. G. Manín-Rubio. M. and Bacela. J. 1.. 2009. New high

rc..olulioo cakareoulo oannofm."il aoaly~¡s across lhe Danian/

SclaOOian tr.lIl~ilion allhe Zunuia "CClion: comp:ui:>Oll .... ith Somh

Telhys and Danish §cctioos. Gcologica Aeta.. v. 7. pp. 79·92.

8ignot. G. CUIT). D. :md Pomero!. C.. 1997. The resislible risc 01' lhc

Selandian. Neues Jahrbuch flir Gcologie und PallioOlologic

Mooabhefle. v. 1997. pp. 114-128.

Rr.t1o.... er. T. 1.. fumoli Siha. 1.. Malonc. M. J. and 24 OdlCD. 2002.

Procecdings 01' Ihe Occan Drilliog Progmm loitia! Reports. Lcg
198. hnp:llwww-odp.lamu.cdul publicalionslI98_IRJI98ir.hlm.

lJomcrn:ulO. A.. Sl;hullc. P.. Spmng. 1. Sleurbaut. E.. Yous;,ef. M.

:lI1d Speijcr. R.P.. 2009. Llle,l Danian eamon isotope anontaly

and <Issocialcd clwironlllentnl change in lhe soUlhem TClhy~

(Nile Ba.~in. Egypt).lourmrl ofthe Gcological Sociely ofLllndon.

v. 166. pp. 1135-1142.

C:Lballero. F.. 2007. Análisis micropnleonlológico de lo~ límilc~

CretácicolTcrciario. DanicnsclSel:lOdicn~ y PalcoccnolEo(;eno

en la Cuenca Va~co·Canlábric:l. a lnlvés de for:trninífcro,

planeIÓoit·os. Te~i~ DOCloral. Univer~idad del Pals Va..co.

519 pp.

Canuelo. J. l. aod Molina. E.. 1992. 1>lanklic foraminifer.J.l faunal

IUmover aOO bio-chronostrJligraphy 01' lhe PalooccnclEoccne

bouOOary al Zumaya (Nonhem Spain). Revisla de la Sociedad

Geológica de Españ.a. \'. 5. pp. 145-157.

Canudo. J. L. Kellcr. G. Molin:t. E. aOO Oniz. N.. 1995. P1anllic

foraminiferal tumo\'er aOO 51 'c i~opes across lhe Palcoccoe·

Eocenc Iransilion al Caravaca aod Zum<lya. Spain.

Palaeogeogruphy. Palaeoclim:nology. P-Jlaeoecology. v. 114.

pp. 75·100.

Charisi. S. D. and Schmilz B.. 1995. SlabJc (51'C. 51&0) aOO slronlium

(.lSr~Sr) isolopes through lhe Paleocene al Gebel Awcina.

e:lslem Tethyan region. Palacogeography. Palacoclilllalology.

Palacoccology. v. 116. pp. 103·130.

Charisi. S.D. and SchmilZ. 13.. 1998. Pnlcocenc to carly Eoccne

Il:tlcoce:lOogrnphy 01' the Middlc Easl: 5l1C and 51~0 isowpcs

from foraminifeml calcite. P:llcoccnnography. v. 13. 1'1'.106-118.

Clelllrnenseo.A. aOOThom<ocn. E.. 2005. Palcoenvironmcnlal chaogcs

across lhe DanianfSelaOOiao bouOOary io lhe Nonh Sea Ra.~in.

Palaeogeography. Palacoclimatolog~. Palaeoccology. \. 219.

pp.351·39-l.
Corlield. R. M .. I~. Palacoccne occans and dimate: An isotopic

pen>pecti\'e. Eotrth-Science Re\ie.....1ó. \'. 37. pp. 225-252.

Corficld. R. M. Canlidge. J. E.. Premoli-Sih·a. l. aOO Uousle~. R. A..

1991. OXygcn aOO carbon ¡"Olope MrJtigrJphy 01' lhe P.Jleogcnc

and Cretaceou~ limc....tones in lhe BOIlaccione Gorgc and the

Comessa Uighway seclions. UlIlbria. ltaly. Tcrra No\a. v. 3.

pp. 414-422

Dinares-TurclJ. J .. Bacela. J. 1" Pujaltc. V.• Orue·EIJlcbama. X. :lIld

Bemaola. G.. 2002. MagrlCto~lrJtigmphicaOO cyclostratigr;lphil'

calibration or a prospcclive l>alaeocene·Eoccne str:llOlype at

Zumaia (Basque Basin. nonhcm Spain). Tcrra Nova. v. 14. I)P.
J71-37R.

Dinarh-Turell. J.. Bal·cta. J. l.. PlIjalte. V.. Orue·Elxcbarrin. X..
Bernaola. G :md Lorilo. S.. 2003. Unlangling lhe I'alacoccne

c1imatic rhylhrn: :m a~lronolllically calibrJled E.1rly I'alcoccne

magncloslm\igmphy :lIKI bioslmligl"Jphy at Zum:lia (Ba'l:luc baloin.

oonhem Sp:lin). Eo.nh und PI:mctar) Science Lelle..... \. 216.

pp. "83-500.

Dinares-Turell. J.. Baceta. J. l.• Bcmaola. G. Oruc·Etxcbarria. X.
and Pujalle. V.. 2007. Clo~ing lhe Mid-Palactll.:cne gap: To.... allJ

a complele :LSlrooomically luoed Pal3COl."roe Epoch and $elandian

and Thanel.ian GSSPs al Zumaia (Basque Basin. W. Pyrenees).

Eanh aOO P1anctary Scicocc Leuen.. \. 262. pp. 4.')0.467.

Dinares-Turel!. J.. Sto~ko\3. K.. Baceta. J.I..I\'aoo\'. M. aOO Pujalte.
V.• 2010. High-rcsolulion ¡mm- and iruerbasínal correlalion 01'
lhe Danian·Selandian transilioo (Early Paleoccoe): The Ojala

sectioo tBulgarial and lhe Sclandian GSSP al Zumaia (Spain).

PalacogeogrJphy. Palacoclimalology. Palacocrology. v. 297.

pp. 511-533.

Dollfu~.G F.. 1880. Essai sur I'c:<lension des tCrJ""Jins lel1iairelo dans

le basin anglo·parisicn. Bultelin de la Sociélé Géologi(IUC dc

Norm:lndie. v. 6. pp. 584-605.

Gómcl de L1arena. J .. 1946, Rcvi~ión de Hlgllno~ dalo~

p:lleonlológicos del Flysch crclkco y nUlllrnulílico de GlIiplll.(;O:I.

Instiluto Geológico y Mincrodc España. Nota.~ y Comunicaciones.

v. 15. pp. 113·165.

Goro~\idi. A.. 1993. N:m~Jfósib cakareous y evenlOS del Crelticico

Medio-Superior de la CuellC:l Vasco-Canttibrica. Tesis OoclorJ1.

Uoiversidad del País Vasco. 331 pp.

Guasli. E.. Speijer. R. Po. Brinl..huis. 1-1 .• Smi!. J. aOO Slcurbaul. E..
2006. Paleocnvironrnental change al Ihe Danian·Se1andian

lmnsitioo in Tunisia: ForaminiferJ. organic.walled dioonagcJlale

cyst and caJcareous Ilannofossil records. Marine Micro·

paleonlOlogy. \. 59. pp. 21Q.229.

U:m"Cn. U. L 1968. On lhe biostraligraphical age 01' Ihe lo.....er

Selandian of Denmark. Meddelelser fra Daosk Geologisl

rorening. v. 18. pp. 2n-284.
Ueilm:mn-Clausen. C .. 1985. Dioonagellale slr.J.ligraphy of lhe

uppermosl Daoian lO Ypresian in the Viborg 1 borellole. cenlml

Jyl1and. Denmark. Daornarl:s Geologiske Undersogelsc. v. A7.

pp. 1-89.

Heilmann·Clausen. C .. 1994. Review 01' Palcocene dinonageilalcs

fromlhe Nonh $e:l regioll. OFF. v. 116. pp. 51-53.

Hcillll:mn-Clausen. c.. 2007. Dinocysts ("mm an cxp:lOdcd seclion 01'
lhe Selandian·Thuneli:rn lmnsilion: lhe Rodbyhavn.1 borchole.

lhctmrJNr 20//



SE Ocnm:lrl. Intemalional Workshop of lhe Paleocene Working
Group. Ab~lrJCl Volume. Zumaia. Basque Coulllry. pp. 26­

27.
Uilgcn. F. L Kuiper. K. F. ami Loorens. L. J.• 2010. E...alualioo of

lhe aSlronomil..-allime salle for lhe Paleocene aOO earlicsl Eocene.

Eanh aOO Planelary Science u'tlers..... 300. p. 139-151.
Ull1cbr:lOOI. A. \"Oo. 1965. Foramioikren-Straligraphie in Alneniar

\'011 7..um3y... (Pro\·ill7. Guipúzcoa. W Spanien) uOO ein Vergleich

mil anderen Telh)'s-Gebielen. Ba)'eri~che Abdemie dcr
Wi~nsch3flen.Abhandlungen der MUlhematisch-NUluN'isscn­

o;chafllichen Klasse. v. 123. pp. 1-62
Hme. N. M.. 199-1. Calcareous nannop1:mklOO asscmblages from the

ThallCl Form:llion in Ihe Bmd\\'ell Borehole. E:.sex. EnglaOO. GFF.
.... 116. pp. 5-1-55.

Jenkins. D. o. and Lutcrbachcr. 1-1.-1'.• 1992. Plllcogcne slllgCS :lI1d

Ihcir bOlllldl1rics (Introductor)' rcmurks). Ncucs Jahrbuch rol'
Geologic lInd Pa1:iontologic. Abh:llldlungen. v. 186. pp. 1·5.

K:lpellos. C. 11.. 1974. Ucber das Nannoplanklon im AlttcniÜr des
l>ronls von Zumaya·Guetana (pro... inl. GUipUlCoa. Nordsplmicn).
EdogllC geologica Hcl ...clica..... 67. IIp. 435~.

King. C .. 1989. Cenozoic of the Nonh Sea. In: Jenkins. D. G and
~'Iuml)'. J. W. (Eds.). Stralignlphical Alias ofFossil Fonlminifern.

Secood Edilion. Ellis HON'ood LimilOO Publishcrs. Chicheslcr.
pp. "'18-189.

Koox. R. W. O·B .. 199"'a. 1ñe age and regional eonleXI of lhe

Thanetian stnllOl:)'pe sec1ioos of SE England. GFF. \. 116. pp.
55-56.

Koo.lt. R. W. 0'8.. 1mb. From regtonal <¡tage lO ~laOOard "lage:

imptication" for the hislorical Paleogene SIr.llOI)'peS of NW
Europe. GFF. v. 116. pp. 56-57.

KIlO.It. R. W. 0'8.. 1998. Kaolinilc innux ",ithin PaleoccnelEoccne

boundary Slnlla of weslem Europe. Newsleuer 00 Strdlig....... ph)'.

.... 36. pp. "'9-53.
Kuhn" W. llnd Kaminski. M. A.. 1997. Cenomnnian to tower Eocene

dccp-wmer ai:!glutinaled foraminiferu from Ihe Zumaya se<:lÍon.
nonhem Spain. Annalc.~ Sociel:Llis Geologonllll Poloniae..... 67.

[JI'. 257-270.
Kuiper. K. F.. Dcino. A.. Hilgen. F. L Krijgsm:ll1. w.. Renne. P. R..

and Wijbrnns. J. R.. 2008. Synchroni/ing roek clocks of Eunh

hi'lOr)'. Scicnee. v. 320. pp. 5QO.504.
L¡lskar. J.. Robutcl. P.. Joulel. F.. Gaslinc:Ju. M.. Correiu. A. llnd

Lc\ TUrd. B.. 2004. A long.term numerical solution for the

insolalioo qual1lities of the Eanh. Aslrooom)' and Astrophysics.

v. "'28. pp. 261·285.
Louren,. J. L. ~Iilgen. F. L L.:c.kar. J .. Shadletoo. N. J_ and Wilson.

D.. 200-1. The Neogene Period. In: A Geologic lilJlCS("ale 200-1.
Gr.Kistein. F. M.• Ogg. J.~. aOO Smith. A. o. (Eds.). Cambridge

Unher.¡ill Press. pp. ..J09....-..w.
Lulcrbac:her. H. P.. AH. J. R.. BrinJ..huis. H.. Grn(htein. F. M.. Hooler.

J Jo, Monechi. S.. Ogg. J. G. Powel!. J .• ROOI. U.. Sanfilippo. A.
aOO Schmilz.. B.• 200-1. 1ñc Pakogene I)criod. In; A Geologic

limcsca1c 200-1. Grndslein. F. M.. Ogg. 1. G. and Smith. A. o.
CEd'i.). Cambridge Uni\"e.....il)' ~s. pp. 38+408.

Manini. E.. 1971. Standard Tcniary and Qualemary ealcllrcous
nannoplanklon 7.onalion. In: Farinacci. A. (Ed.). Procecdings uf

Ihe Second Planklonic Confcrcncc. Rome 1970. Edilizione
TcchllCN:icnl.l1. Rome. pp. 739·785.

Molin:J. E.. Arenillas. l. and Arl. J. A.. 191)lt Mass extinclÍon in
planktic foraminifcra al lhe Crclaccou~f1'crliary boundary in

1:¡Jl.<oi/... ltJJ. J4, 11O. .J

2.J1

SlIblropical and temperate lUlillldcs. Bulletin de la Sociélé

l,.>éologique de France. v. 169. pp. 351-363.
Mulina. E..Arenil1as. J. aOO Pardo. A.. 1999. High-resollllion planktic

fo......minifernl biosnaligraphy and correlatioo across lhe Pak.'OCCneI
Eocene boundary in lhe Tcth)'S. Bulletin de la Sociélé géologiquc

de Francc. v. 170. pp. 521·531.
Molina. E.. Alegret L.. Arenillas 1.. Arl. J. A.. Gallala. N.. Hanlcnbol.

J .. \'011 Sali". K.. Sleul'baut E.. Vandenberghe. . and Zaghbib­
Turi;i. D.. 2006. Thc Global Boundary SlratOl)'pe Scctioo and

Poinl for the base of lhe o-...nian Slage (PalcoccllC. Pa~'CIlC.

·"Tcrtiary··. Cenowic) al El Kcf. Tuni"ia· Originlll definilion aOO

re\"i,ion. Episode". v. 29. pp. 263-273.
Molina. E.. Alegret. L.. Arenillas. 1.. An. lA .. Gallala. N.. Graja1cs·

Nishimura. M.• Murillo-Muñelon. o. and Zaghbib-TlIrki. D.•
2009. TIle Glob:J1 Bound:lry Sll1ltOl)'pe Section and Point fol' the
ba~e of lhe Dani:l11 Sla~e (Palcoccne. Pa1cogenc. "Tcrtiar)'''.

CenolOic): auxiliary seclions and corrclation. Episodcs. v. 32.
pp. 84-1)5.

MOllechi. S. and Rcale.. V.. 2007. D:miatl-Sclandian cI'olutiolmry
lrelld uf Fll.IÓt·lIlirlllu :u ODP SilC 1262. comparison Wilh the
Qreiya (Eg)'pt) and Zumaia (Spain) scctions. International
Workshop of the P.... lcocellC Working Group. Abstrael Volume.

Zumaia. Basque Coonlry. pp. 28·29.

Nic!'iell. S. B.. Thomsen. E.. Hanscn. D. L. and Clausen. O. R.. 2005.
P1alcwidc stress rclaxalion explains European Palae(l(,:cne ba~in

ill\Cf'Sions. Nalure. v. 435. pp. 195-198.

Nielscn. S. B.. Slcphenson. R. aOO Thomsen. E.. 2007. D)"namics of
Mid-Pal3eOCt':1lC 'Of1hAllanli~' rifling tinlOO ""im European inlr:t­

plale dcformalions. 'ature. v. 450. pp. 1071·107....
Obaidalla. N. A .. EI-Da'o\)'. M. H. and Kassab. A. S.. 2009.

Bi~lr"'lig"""'phyand paleocn\"iroomcm of lhe DanianlSelaOOian

(015) lrolnsilion in lhe Soulhem Telh)'s: A case sludy from IlOflh
F..aslcm Desen. Eg)'p1. Joumal of Afriean Eanh SciellCCS..... 53.

pp. 1-15.
0ISS011. R. K.• Hemlcben. C.. Berggren. W. A. and Huber. B. T.. 1999.

AlIas of Paleoeene planktonic foraminifera. Smithsonian
Contributions in Plllcobiolog)'. v. 85. pp. 1-252.

OI·lil.. N.. 1995. Differcnlial pallcrns of bctlthic fornminifenrl

extinclion~ ncar lhe Paleocel1e/Eocene bollndnry in Ihe Norlh
Allanlic and the we~lern Tcthy~. M:ll'ine Micropaleontology.
v. 136. pp. 17-30.

Orue·Elxebarria. X.. Bemaola. 0.. I):«:cla. J.I .. Angori. E.. Caballero.
F.. fI.'loncchi. S.. Pujlllle. V.. Din:u·es-TlIrell. J .. Apellani7. E. and
p....)'ros. A.. 200-1. New eon~lr.. ints 00 lhe e\olution of planktic

foraminifers and calcareous nannofossils 3CTOSS !he Palcoccnd

Eoccne boundary inlcrval: the Zumaill scclion re\ isiled. Nc~
Jahrboch rur Geologie uOO Pal~lologie. Abhandlungen. \-. 234.
pp. 223-259.

Orue-Euebarria. X.. Apellaniz. E. and Caballero. F.. 2oo7a.
Discrepanc:ies in planktic foramrnifera bioslroltigraphics acros,
lhe Danian-Sclandian Irnnsition al Zurnaia: NOI poorproet"\·atioo.

bul laxollornic difTerent COfK:Cptl>. Intematiooal Wori.shop of lhe
Palcoceoe Wori;ing Group. Abslnlt'l Volume. Zumaia. Busque
Country. pp. 3(}"32.

Orue·Euebarria. X.• Alegret. L.. Apellani/. E.. Arenilla.'. l.. Uat:cla.
J. 1.. Bemllola. 0.. Cabul1ero. F.. Din:u-es-Turel1. 1.. Martín·Rubio.

M.. Molina. E.. Ortiz. S.. Pujalte. V. and Schmitz. B.. 2oo7b. The
Zumaia seclion: a robUSI cundidlllc rOl' lhe placemCrll 01' lhe
Dalliall/Selandian und Sclandi¡lIIffhancti:ln boundaries.



241

lnlcrllalional Workshop of Ihe Palcocene Working Group.

Abslr:lCIS Volulllc. Zurnaia. llasquc Coorury. pp. 33·35.

Oruc-EIXebalTi:l. X.. Apclhllli.f_ E.. Oniz. S.. Pujahc. V. and Caballero.

F.. 2010. Ncw forallliniferal crilcria 10 pinpoim lhe ncwly

dcfined GSSI' for lhe Mid-Paleoccne Sclandian Slage in lhe

Zumaia Scclion (Rasque Coonlry). Inlemaliollal Symposium Ofl:

Fonarniniferd (FOr.Ulh 2010). Ab~lrdel ...olume with progrJ.m_

pp. 151.

Pcdcrsen. G K. and Surlyk. F.. 1983. 1llc Fur Fonnalion. a late

P.dlcocene a-..tl·bcaring dialomile fmm llOr1hcm Dcnmari:. Bullctin

of the Geological Socicly of Dcnmark. v. 32. pp. 43-65.

Pcrch-Nicl'iCn. K.. 1979. Calcareous nannofossil zonal ion ;u Ihe

CretaceousfTeT1iary boundary in Dcnmark. In: Birt.cluOO. T. aOO

Brornlcy. R. G IEds.). Procecdings CrctaceousfTCT1iary BouOOary

E\ents Symposiulll. \01. l. Uniq~rsity of Copenhagen.

Copenhagen. pp. 115·135.

Pcrch·Niclscn. K. aOO Hanscn. J. 11.1 .• 1981. SclaOOian.ln: PomcroL

C. (Ed.). Stmtoty¡lO of Pal~elll: stages. Mémoire hors série 2
du HuUdin d'infonnation do géologues du Bassin de Paris. pp.

215-230.

Pujalte. V.. Baceta. J.I .• Oinares-Turcll. J.• Oruc·EtJl.cbarria. x .. Pares.
J. 1>1. and Payros. A.• 1995. Biostratigraphic and magnclo­

strJ.ligmphic intcrcalibmtion of lale Maa.~richlian aOO p-J.loocene

depo:-.ilional sequences fmm lhe deep·watcr Basque basin.

W. Pyrcnccs. Spain. Eanh and l'l;metary Science Leucrs. v. 136.

pp. I7-JO.
Pujalte. V.. Barela. J. L Orue-Eucoorri:l. X. aOO Payros. A.. 1998a:

Paleocene "tmta of lhe BaMlue Counlry. W Pyrenees. N Spain:

rack:'> and SC(luencc dc\'clopmcm in a dccp-watcr. slar'OO basin:

In: Gr:lcian~ki el al. (Ed.). Mc.'>Ozoic and Ccnozoie Scquence

SIr:tligrJ.phy nf European B¡lsins. Spccial Publications of lhe

SEPM. v. 60. pp. 311-325.

l'ujalte. V" Bacela. J. l .. Apellani .... E.. On.lc·Elxcb¡lITia. Xh Payros.

A. and Serm-Kiel. J.. 1998b. Paleoccne of Ihe Pyrcnccs and Ihe

North SCll B¡I~il1: diffcrcnccl> Hnd similaritics. Ncwslellcr un

Slrnligraphy. v. 36. pp. 43-47.

Pujalte. v.. Robles. S.. On.lc-EIXebalTia. X.. Baceta. J. l.. Payros. A.

llnd LarruzclI. 1. F.. 2000. Uppcl'mOSI Crclaccolls-middlc Eocel1c

~1I";lla of lhe BaMlllc.C:lIllnbrian n.~gion and wcslcrn Pyrcnecs: ;1

sClJuence l>lr:lligr¡lphic pcrl>pecli ...c. Re... isla de la Sociedad

Gcologica de Esrmña. v. 13. pp. 191- 21 l.

Quillévéré. F.. Aubry. M.-P.. Norris. R. D. and Berggrcn W. A.. 2002.

Palcoc-cllc oceunogmphy oflhe castcm liublropicullndiul1 OcC¡lll:

An il1legr:lled magnelobioslr:lligmphic and stable iSOlopc study

of OOP !lolc 761 B (Wombal Plalcau). Palaeogeography.

Palacoclim¡lIology. Palaooet:ology..... 184. pp. 371-405.

Rene... ier. E.. 1873. Tableau ~es tcrrain.. !iédimenlaircs fom16 pendan!

les époques de la ph:ISC u'l;anique du globe lClTCStre. Bullelin de

la Sociélé ValK!oi'>C des Sciences Nmurellcs. Laussal"lC. v. 12. pp.

211'-252.

R\x!rigue.f_ O. M. aOO Aubl'y. M.-P.. 2007. Lowcrto middlc (Oanian­

Selarx!ian) Palctx:ene ealc¡lI\.'Ou~ nanoofrn.sil strJ.tigrJ.phy of Ihe

Qrciya scction (Egyptj. Inlemational \\'orkshop of the PaICOCCrlC

Working Group. Abstrdct VolulllC. Zumaia. Basquc Counuy.

pp. -ID.
Rosenkmmz. A.• 192·t De k,menha\'nske Gron.....ndslag og dere...

Placering i den dansl..e Lagr.ckke. MOO et Skema overdct danlike

Paleoc¡en. Meddclclscr fra Dansk 8,-COlogisk Forening.. \. 6.

pp. 22·39.

Salis Pcrch·Nielscn. K. von. 1994. Ncogcne and Palcogcne calcareous

n;mllofossils from the Harre borcholc. Dcnmark. In: NieJsen. O.B.

(Ed.). Lillmsll':lligrJ.l)hy and Biostratigraphy of Ihe Tcniary

Sequencc fro1111hc Harre Borcholc. Dcmnart.. AarlluS Gooscicncc.

.... 1. pp. 45·51.

SchmilL, IJ., 1m. TIlC Palcocene Epoch - strJtigraphy. global changc

alx! e\'Cf1ls. GFF. v. 116. pp. 39-41.

Schmil/.. B. aOO Pujahe. V.. 2003. Sca-Ic\·cl. humidilY and land

erosion rcconIs across the initial Eocene thcrmallllaximum in a

ooolinenlal·marinc transcct in nonhem Spain. Geology. \'. 31.

pp. 689-692.
Schmil/.. B.• Asam. F.. Molina. E.. Moncchi. S.• \'00 Salis. K. aoo

Speijer. R. 1).. 1997a. High-rcsolulion iridium. lil'C, li'·O.

für.lminifcra aOO nanoofossil profilcs across the latesl Palcoccnc

bcnlhic extinction e\'ent al Zumaya. Spain. Palacogcogr.aphy.

PalaetJClimalology. Palaooet."ology. v. 133. pp. 49-68.

Schmiv. B.• Charisi,S. O.. Thompsoo. E. 1. and Speijer. R. p.. 1997b.

Barium. SiO:-cxccssand P:0, as proxics ofbiologkal productivity

in the Middle Easl durin! lhe r-...Ioottne aOO!he lalest Paleoccnc

bcnthic eXlinction e\·clll. TCffil Nova. v. 9. pp. 95-99.

SchmilZ. B.. Malina. E. aOO \'00 Salis. K.. 1998.1lle Zumaya scclion

in Spain: A possible global str.atotypc scction for the SelaOOian

aOO Thanctian stages. Ncwslcllers on Straligraphy. v. 36. pp. 35­

42.
Schmilz. B., Plljalte. V. and Núño-Bctclu. K .. 2001. Climate aOO

sea·le ...el perlUrbalions during lhc Initial Eocene Thermal

Maximum: c...idcnce fmm silicidastic units in (he Basque Basin

(Ermua. Zumaia and Trdb.1kua Pass). noT1hem Spain. ralaeo­

geogrdphy. Pal¡Il..-oclilll:lIOlogy. Palaeoecology. v. 165 pp. 299·

320.
Seilacher. A.. 1962. P;llellntological Sllldie.~ on turbidite scdilllcnlation

and cro~iun. JOllrnal ofGcology. v. 70. pp. 227·234.

Smil. J. ¡lIld Ten K¡llc. W. G. 1982. Tr:lce·element p;.lllerns ;u Ihe

Crclaceousfl"cl1i:¡ry boundary: conscqucnccs of a large impacto

Crct¡lcCQlll> Resc:lrch. v. 3. pp. 307·332.

Solim¡UI. M. F. Hnd Ob¡¡idlllla. N. A.. 2010. Danian-Sel:lI1dian

transilion :It Gab:t1 cl.QreiY:1 scclion. Nile Vullcy (Egypl):

lilhoslratigraphy. bioSll':llÍgr.tphy. mincmlogy and gcochcmislry.

Ncucs Jahrbuch !lir Gcologie und p¡L1tiolllologic-Abllandlungcn.

.... 258. Pll. 1·30.

Spcijcr. R. 1'.. 2000. Tlle lale Paloocene C"'Clll and a polcntial precursor

comparcd: Firsl rcsults from Egypl. GFF. Y. 122. pp. 150·151.

Speijer. R. P.. 2003. Danian·Selandian sea·lc,"el change and biolie

cxcllrsion on lhe soulhcrn TClhyan margin (Egypt). In: \Ving. S.L..

Gingcrieh. 1'.1).• Sdunilz. B. nnd Th0111US E. (Eds.). C;lllSCS and

Conscquenccs ofGlobaJly Wann Climales in lhe Early Paloogenc.

llouldcr. Colorado. Goological Socicty ofAmerica Spe("ial Paper.

v. 3(i9. pp. 275·290.

Speijer. R. P. aOO Schmilz. B.• 1998. A bcnlhic foraminiferJ.1 record

of Palcoccnc sea-Ievcl changes and trophic condilions al Gebcl

A.... cina. Egypl. Palaeogeography. Palaeoclimatology.

Palacoccology. v. 137. pp. 79-101.

Sprong. L Speijcr. R. 1'. and Sleurb:lut. E.. 2009. Biostratigr.lphy of

lhe OanianlSclandian transition in the southem Telhys- Spccial

reference lO Ihe Lowest ÜCCUITCOCC of planktie foraminifera

IgOri/lfl (l/l~(Jri. Gt.'Ologk-d Acta..... 7. pp. 63-77.

SleurbauI. Eh 1998. High'I\"~lution holuslraligraphy of MidJle

l'alcoccnc to Early Eoccnc strala of Belgium aOO adjacent are.L'>.

r-dl3COOlographiC""J.. Ab!. A. v. 247. 5-6. pp. 91-156. Slungan.

IH«tIlfwr 1011



Steurb3ul. E. and S7Irál:os K.. 2008. DanianlSclandi3n boundary
crileria and Nonh Sea Basin - Telhy, correlations oo!>Cd on

l'ak:areous nanoofossil and foraminifcl"'Jl IrcOOs in SW France.
Marine Micropalcootology. Y. 67. pp. 1-29.

Steurbaul. E.. Dupuis. c.. Arenillas. l.• Molina. E. and M:ltmati. M.F..
200:1.1lJc Kala;¡t Senan SI..'(:lion in central Tunisia: A potcnlial
rcfercoce sccljon for lhe D:lni;¡,I!ScI:mdi:m bound;¡ry. GFF. y. 122.

pp. 158-160.
Ten K:llc. W. G alld Sprcllgcr A., 199]. Orbital cyclicilies aboye :lOd

bclow Ihe CrelaceouslPalcogcne boundary al Zumaya (N o5l>:I;n).
AgOSl :md Relleu (SE Spain). Scdimenlary Gcology. Y. 87. pp.
69-10l.

Thomas. E .. 2005. Bcnlhic foraminifcra :md Early Eocene
hypenhcnnal cvcnt~ (SE Allantic ÜCC:IO). Gcologil,:al Socicly uf

America. Alhlr:lcts ""ilh Programl>. ]7(7):"1].
1ñom~n. E.. 1m. C:l.1careous nannofossil Sll"'Jligraphy across the

D:mianlSclaOOian bouOO:uy in Dcnmar\:. GFF. y. 116. pp. 65-67.

Thomscn. E. aOO Hcilmann-Clauscn. c.. 1985.1be Danian/SelaOOian
bl:MJOdary al Svej~lrup wilh rcmar!:s 00 lhe biO'>lr..tigraphy of lhe

boundary in westem Denmar!:_ Bullelin ofthe Gcological SociclY
of Dcnmar!:. v. ]]. pp. 341-362.

V:m Inerbccck. L Sprong. J., Dupujs. C .. Spcijcr. R.P. ¡md Slcufb:wl.

E.. 2007. Danian/Schmdian boundary slr:lligraphy and oslr.Jcod
rccords from Sidi Nasscur. Tunisiu. M¡lrillc Microp¡t1eonlology.

v. 62. pp. 211·234.
Van Vlic!. A.. 1982. Subm:lrine fans and associaloo dcposil' in Ihe

lowcr Teniary of GuipÚJ;Ctxl (nonhenl Sp:lin). Ph. D. thcsi~.

Lanbouy, ho~'cs(:hool Wageningen. 45 p.
Varadi. F.. Runncgar. B. 300 Ghil. M.. 2003. Suce<:ssin~ rcfincmenl~

2-/J

in long-lerm integr.ilions of pl;metary orbits. A~lrophy~ical

Joumal. y. 592. pp. 620-630.
V3rol. O.. 1989. I)alacocenc calcareous nannofossil bioslrnligr3phy.

In; CruJ(o J.A. aOO \'an Hed.• S.E. (fAs.). N3noofossill> and lheir
Apptit":llioos. British Micropalcoruological Sociely. v. 12. pp. 267­

310.
Ward. P. aoo Kcnncdy. K, G. 191)3. Maa.~lrichlian ammonile.., fmm

lhe Biscay rcgion (Fmnce. Sl'ain). Joumal of P:¡lconlology. v.

67. pp. l-SR.
We.~lerhold. T.. Riihl. U.. Ram,!.. Forn¡lciHri. E.. MOllechi. S.. Reale.

v.. Bowles. J. and Evans. 1-1. F.. 2008. ASlronomical c:llibmlion
of the Pa1eocelle time. P:llacogeography. Palaeoclim:l1ology.
Palat·oe(:ology. y. 257. pp. 377-403.

Weslerhold. T.. Rohl. U.. Donoer. B.. McCarren. H. K. :lOO bchos.
J. C.. 2011. A complele high-rcsolulioo P::llcocene bcnlhic lotable
isolope record for lhe cenlral Pacific (ODP Sile 1209).

Paleoccanograph)'. no. PA2216. 001: 1O.I029I2OIOPAOO2092.
While. . J.. Lowell. B.. 1997. Mea\uring lhe pulse of ~ plume y,ith

the sedirnenlury record. N3lure. \'. 387. pp. 888~891.
\Vicdmann. J.. 1986. Macm-in\'crtebrnlCS 300 lhe Crelaceou~eniary

boundary. In: Walliscr. O. (fA.). Glob.11 Bio·E\'cnlS. LecIUn: Notes

in E:lrth Scicnl,-e~. v. 8. pp. 397-409.
Z:lchos. J. c.. Kroon. D. 3nd 25 olhers. 2OW. Elrly Cen07.0ic extreme

climalCS: '''lC Walvb Ridge lr.lIlSCCI. Proceooings of lhe Occ:!n
Drilling Programo Leg 208. hll]l:lIwww-odp.larnu/edul

publ icalionsl208·1 R/208ir.hlrn.
Ziegler. P. A.. 1990. Gcological Alias 01" Weslem Europe :md Ccnlrnt

Europe. 2nd Edilion. Shell lntern:l1iona!c PClroleum

MaalSChappij. B.V.. Den Ha.1g. 239 pp.

.' ....••
~" ~

.' ~
Membcrs of lhe r-.. leoccnc Worl:jng Group in fmm of lhe basal Sel:mdian oUlerop 31 h7urun Beach. Junc 2007. From left lO righl; Roben
Speijer. Jorindc Sprong. Enk lbomscn. Annc Clemmcnscn. Bill Bcrggren. Fernando Caballero. EUSloquio Molina. Xabier Oruc-Elxebarria.

M:uia Rose Pclriu:O. Aitor Payros. Ignacio Arenillas. Robcrt KIlO" VICtoriano Pujallc. Marie·Pierre Aubry. Birgcr Schmilz. Gilen Bcmaola.
Maile Manín-Rubio. Simonc:lla MOIllochi. CI;¡us Heilmann-Clau"Cn. Elienne Sleumaut. and Christian Dupui~. Memben not shown in photo
are: Laia AI~gre1. Eslibalil Apellani/_ Juan-Ignacio Bxet3. burne Dinares·Turell. Asier Hil;¡rio Orús. Sih'ia Ortiz 300 Kalharina \00 Salis.




