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CALCAREOUS NANNOFOSSIL EVENTS IN THE LO\TER-MIDDLE PLEISTOCENE
TRANSITION AT THE MONTALBANO JONICO SECTION AND ODP SITE 964:

CALIBRATION VITH ISOTOPE AND SAPROPEL STRATIGRAPHY
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Ào:orrl: Lor. er-llicldl.' I'lci*occne. c.rlc.rrcou. n.rnnoirx-
sils. qu:rnrirrrìrr Liosrr,rrigr,rphl biochronologr Sourherrr lt.rhr Io-
nirn Se.r. ODP

,lrioik.. \\'r prcsenr qurnrirrrir t d.rtr on c.rlc.r' cou\ n.ì,ìnoiosii
biosrr'.rtilrrphr irr rhc rccrion oi )lonrrlb,rno Jonico (Sourhern It.rìr).
l'his is one of rhe crntlid.rre CIoLr.rl Sr.rron pc SccrioD iìnd ll)inr ((ISSP)

oi rhe f,liddìc l'lcisrocenc. lhe iirrr ,:onrmon oceuLrcncc (l COl .rnd

Lrsr conrnron occurrcnc tl-COl ot 
^..?.rlol?,rirll 

ai.oror .rre rr:ll de'
rccnblc in thc sr'crion rnd.rre herc proposcil rs.rctditic,nrl c'enr. lor'
inprtvìns biosr'.ìriqriphic rrsolurion in the inrenrl corrcsponding ro
thc rr,rnsirion btrri ecn rhc sn.rlJ C;cplt'mor,r::a Zone ntl P:cudootìlt,otia
lrrrrro',r Zonc. The potentirl \.rìuc ol rht b;oc\,:nts ìs trsred in .i \letli-
r(rrrnÈ.ìn de(p sc.r core oi ODl'}SirL'96.+, lor'.rtecl ìn rhc loni.rn Sc.r. -\r
\irc "ci th, lt O,'i /i .':.'a"r,\fur. rn rh.n'.rr'.,.., rrqen r'. r..,c'r.rl,
l\'llS) 10, rJrd tlìr LCIO oi rhc spccìe,r cc,rtel,rres r ith lt4lS ll. The rccs

oi thc F(ìO rnJ l-CO of R. avrror h,rre t,cen estirrered rt r.06 )l,r rnd
0.91 \lr fespc.ri\ el\r 'thc finr occurrence (lrO) of ai.?l,r ,?..r/rn' sp. l
hrs becn conehrcd to lllS 15, horh .ìt Site 9ó.1 .rld rr thc \lonr.rllr.ruo

Jonico secrion.'Ihe rse i,i tle FO oi GcphrotaVst sp. 3 is cstiunrcd
.rt 0.95 \fr, b,rscrl on the iì\rroni)nìicr! d,rtings of srprrp'el' occuning
.rt rhc ffontrlbrnoJonico sccrion. In .rcldìtion..ùì inIr, \ rì oi r.Drpor,ìrv

clis.rpperrrncr oi Gu'1,Àro.?!r \p. I hrs bccn ntenrifi.'d sirhin rhe P
laano* lone. Thc beginnin* ol this inrervrl is conelrted sìth IflS
l0,r l9 rnd c.rn bc considcred r r clìrble ci cnr in the Meclircr r.rnc,rrr rr c,r.

occun ins close to thc tsrunhcsiNl,rrurrnr.r m.rgnrtic hoLrnd.rm The rec-

ornizcd cr enrs providc ,r b.r'is r,,r interpnrirg rhe \lonrrlb.ìno Jon;co
sccrron rirhin r strndarrl chron<'str.rtigr.rphic frrncsorh.

/lirJnro. ln quc5ro h\oro !en{ono presenr.rti nuoli drri bio-
srr.rtigr.riici otrenuri cl.rll,' sruJìo qir.rnrrr.un o delìc rs\oci.ì/ioni iÌ ninno
itxsilic.rlcrreictcll.r 'ezrrne di\lonr.rlb.rnoJonico (lr.rlir meridionrìc).
,:he rrpprcrenrr unì por!nziiÌr rczione srrrroripic:r pel h dciìnizìonc

ileì linire I'leistocenc inicriore-nreilio. l.r "iirsr conrnon occulrence"
(FCOI c l.r "hst 1t.C01 cli Rct;crloli:ae.tlr.rs.r
roi sono evcnri L'io'rr.rrigrriici L'en lic<,noscibili nr:lir sczionc. che in-
clenrenr.rno l.r liv,luzionc biosrnrigr.riicr rlh tr.rnsizionc tm l.r Zon.r .r

GeVhtncal,t t ltZont t P:ctiloertilianìt lacunora. L,:l studio biosrrr-
risrriico dcl pozzo ()DI'}96+. ubìcrto nel Mrr Ionir,, h.r constnrito cli

ver ificrre I'utilitì biosrliìtigì rti.r dtiÌli ÈrcoIi riconosciuti e di colrel,rrli

cor i drri cli str.rrier.rfi.r isotopicr disponibili. h FCO diÀ. asa,rol, cor-
rel,rrr,rllo sr:rdio ìsoropico 10. risuhe nrere un'er) di l.C6 lVh. menrre

l.r l.CO di R. r-uror si corrch con lo sr:rdtu isotopico 23, con un'etì di
0.91Il,r. \elle \i:2;oni srurljart h lirsr occurrcnce" (FO) di C.,pr-r',,r-

.,./ó.i, sp. i i .onehn ìllo srrdK, isoropi(o 15. Sulla base dcll.r cronologir
rstronomicr dci srpropcl indn idurti nell.r sczi,,ne di Montrlb.rno Jonico
I'eLi oLrcnura per ì.r FO di 09ú1r'orzps,r sp. I è di0.95 f'la. lnol!re, \'ie-
nc segnrl.nr l.r pr.-senzr di un inrenallo di tenrporrner assenzr di Ge-
plrr.or.r/J., rp. 3 nelh Zoo:\ 1P,ttdoe"Ììltì,ni Lrr;,rora: I'inizio di ques<,

inrer.r.rllo è corrcl.rro rgli srrdi isoropici 20/19 c può essere consideraro
un ercnto hìostr.rrirrrfico signiiic.rtno nel Meclirerrrnco, in pnxsimitì
del lìnrite nragnetico \l.rtul rmriBrunhcs. I d,rri biostrrtigr:rfici omenuti

tolniscono Lrrr ralido conrliburo per collocrre h sezionc diì\'fontalb:rno

J. ',, 
ic^ In ùn .1,, ,,,, qL,.,.rr,, . ron,,)r Jr'r,.ìf,. ^.

Introduction

Although, at present, nrarine Plcistocene stratig-
r:rphv is lcll cor'ìstrxined b1' means of calcareous nan-
nofossils, sapropels xnd ox)'gen isotopes (F'ig. 1), a Glo-
brl Stratotvpe Section and Point (GSSP) for the Mìddle
Pleistocenc h:rs not been yet accomplìshed. The selection
of a Middle Pleistocene GSSP is:lmoDg the objectives of
the Subcomrrission of Quaternary Srratigraphv (Abbate
er xI.2002). The Mcditerrirnean region and pafticularly
Southern Itall', h:rs irìways becn considered rhe type-ar-
ea lor the marirìe Quaternary. The Montalbano Jonico
section, locared in the Bradano tror"rgh of the Southern
Apennìncs (l;ig. 2), was proposed as a porenrial scction
suitirblc for the selection of the GSSP of the Middle
Pleistocenc (Ciaranfi ct al. 1997,2OAl). The boundary
could bc trrced close to the small GepblrocaPsa/P lacu-
,o{.r zon.ìl b,,und.rrr'. nclr the h\t \\.rrm isotope staf,e

bcfore rhc'bcginning of the glaciaì Pleistocene (Cita &
Castraclori 1994). Hol,eler, grerter consensus exists for

Dip.rrtìnrento di Geologi.r c Gcofisicr. vi.r L. Or,rbonr, .l 70115 B.ìri. Irrl\: E-nr.ìil: p.mrior.no(ú geo.unib.r.ir

Diprninenro di Geoiogìr c Gcodesi:, Corso nrkolr llìl.l)rlcnro, hrh:
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P trIaioratto, ,11. ,llarito, L. Di Srcfano & N Crarzry'

ThcPleistoccncsrratjqIrphictIrncloIlittlrrhc}1cdiLcnlnian(no(iiì(]honCjinn|
Cu: & C,rstradori (l99a). The geonrigneric polrr itr rinre rcrlc ìs rtie, L(N, crs rt rl. i 1996) rnd thc srpl,ptl strrtigrrphi is rcrordin: ro

Loufens er iìI. { 1996), Kroon et .rì. (19911), Pien e er .rl. ( 1999). The os qen ìsorope strrtiqrrphl comcs irn ron Cr.iltnstcin ct rì. (1999).

E:rrIr.I,lcistocenccalcercousnanno|ossilbiochLonologv|ollosrLouLenset.rl'l1996l.thenlir1dlelrtePlelsrocerebioch
dcKacnelcrrÌ.(1999),rndrhclasroccuncnccoi(ìrpl1lo.lrpsasp.3i,irolrrSpIoricri.lil.ll99s)''fheio|lrllìì|ell1bìochtlnologv,s
íromLourcnserrl'(]996)1ndSptovierì(|99])',l.hclc.]PoriNcIisrppelrrnceoiCìr,7,}1I,lxl,\l..P'.]'inC]
(FCO) ,rnd rhe Lrsr (LCO) o1À. ar.raor ,rrc frorr this sruclr:

- Thc ìoc.rtion ot the Mon
t,,ìb.rno Jonico seition rnd
OljIi Sìre 96+ il6'15.6:'Nì
I 7'+5 Eì. Loc:ìlon of
Core KCIlB (:16'15.2s'^-.
l7'.++.3+'F.1, sùich Nrs uscd

rs refcrencc. is.rlso shorn.

l:rs..l



CtlL,ot,,trs,t-1ptoJ'ot,il bnstraugú 4 . .lloì alLatn Jot co s(riot!

t'ig.3-Thep;tt.'rnsoi;rbund'lnceof.clccretlc.rìcrreoulnlnnoitlssih.rr
S!ciinelli (1000) .rnd t)'Alcss.rndri, ct.rl. (20C1). Thc pinì.1 secrions.rre eccor.ding ro Ci.lf,rnfi cr.rl. (:0C1).

5.r9

the placement of the Lon erlMiddle Plcistocene bound-
iìr)' nerr the Brunhcs/M:'ìtu\':ìrÌir boundan- (Richmond
1996). Until an official dccision is madc by ICS/IUGS,
both proposals nral bc discussed and defendcd. This
pllpcr considcrs the intcrvll thlr strrddles both the

suggesrcd loc:rtions for thc Lorvcr/Middle Plc'istoccne

bou ndary'.

Previous calcereous nannofossil studies llî\'c becn

perforrrrcd in the MontalbrnoJonico section (Marino 1996)

rnd ODP Site 964 located in rhc loniirn Sca (Sprotieri ct

al. 1998). We provide rddition;rl quantitatilc biosrrati-

graphic data oIcalcareous nannofossils at the Loser-Mid-
dle Pleistocene rr;Ìnsirion in borh the secrions, prinrarily
focusing on rhe distribution oÍ Reticulofenestra asanoi a.nd

Gephyrocap*r sp. 3. Sevcral studies in Pleistocenc deep sea

successìons (Takayirmî & Sato 19871 Matsuoka & Okada
1989: Seto et,r1. 199ìl Sato & Takayarra 1992: Wei 1993;

de KrcneÌ c'r .1. 19991 Florcs er aI.2000; Raffi 2002) have

shon'n thet the stratigrrphic r:rnge of R. dsdrlor improves

the biostratigrrphic resolution of rhis intenal, dcspitc the

fact that the taxononr) of rhc species is ambiguous, diflìr-
enr srratigraphic distributions lre reponed in thc literlturc,
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Re t i c t r I oJè n e s t rtr /P.s a u do e n i I i cr n i o

R et i ctr I o.f bn es t ra/P s e u do c n i Ì i tut i u R. o:,tn,ti

-'a

l2

Gephrrocapsa sp.3

PI,ATF 1

xl) = cro::,'d polrrizerl lìght. I'l = prrrììeì li:hr.
\1,ì gn ii ir.ì r io n: li:C\.

17 - Ilencrlolttrc:tta P:t:,locxiliart,,.l: \lì Ol)P Ht)l€ 96.1I). 1.1.11ncLl: I l: I \lì I lL. ()DI)Holc 96lI). ll.l.+ nì.d, +-5: + XII 5 PI.
ODP lftrli 16lD. 11.i6 nccl: 6 7: 6 Xll / lrl. OD| lLrlc'16+l). 11.l+ fì.d.

mcd: 10: \ll ODP I lol. 96+D. ji a+ fì.d.

PL. \1<,nrrlbrno Jonico scctron, ( 'II" pl rirl s.eriorl. .2S: nì.

13 {}tybtoc,tps,r \p. ì \c\r llìo il9Sll :ìnl n./r.r/4iri.r,rr rr.ralr S.rto \ T,rLr\ irrr. \lÌ Oll| H1)lr 96+D..ì1.+.1 ,rcd.

and only litrle quenrir:rrire d:rta rre lvlil;rble. rence of sonìc s.rpropel lr\crs in thc \Iontalblno Jonico
The:l'lìhble oxygen isoîope curles in the srudied scction, provide ldditjonrl stfxtiqrrphic controls irt the

secrions (Brilli et al.2OOO: BriÌlì unpublìshed drte: Hor- l.orrer,/MiddlePleìstocenc trnnsitiorì rnd biochronologìc

ell ct al. 1993; Sprovieri et el. 1998).ls l'ell rs the occur- clrtr for somc'of tht'recognizecl biocvcnts
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Irig. I - The .rbund.rncc prtrerns of sclectcd c.rlcrrcous nannofossils .ìr ODP Sire 9ó+. Thc distriburions of 6cpl:;,z.r?Jnp. 3 ìnd oi mcdium
sized Gcpl'r,?t.?t,r .rre iron Splovieri et .rl. 119'l3). Thc srpropel l:ìr crs .rrc in .rccord;rnce \ irh rhe Shipbo.rrd Scienrific I,rrrr ( 1996) rnd
Sak.rmoro et.rl. 11993)r Iìlcd = nercI conposirc deprh-

Matgrials and Methods

Thc composite Monrrlbano Jonico secrion consists
prinrarilr of hemipclagic silts and siltv clays (Fig. 3). Its
stratigraphic and paleoecologic:rl framen'ork is rvell-con-
strained bv calcareous nannofossil, benthic macrofauna
irnd microfaunr assembì:rge data (Cìaranfi et al. 1996,1997
2001; Marino 1996; Gi|one 2000; Stefanelli 2000; Soldani
2000; D'Alessandro et il.2001). Macrofìuna assembleges,

as well as benrhic and planktonic forrnrinifeu, hate also

been used to identilv srpropellai'ers (Stefenelli 2O0O; Cia-
ranfi et à1. 2001 ; D'Alessandro ct xl. 2003).

Samplc rcsolution for calclrcous nannofossiJ anall-
ses is îbout 1 sarnple eveq l 2 metrcs, l,hich, given the
mern sedimentiÌtion rate of about 1 neter/k1', permits a

hìgh-resolution biostrirtirraphr'.
The Ìithologìc sequcnce rt Sitc 964 consisrs pri-

nraril-v of nannofossil ooze *,ith several sapropel lavers
(Shipboard Scienrific Prrrrl 1996; Sakanoto er aÌ. 1998).

Sampling rcsolution in the Site 964 succession q'rs al:out
I sample evcry 20 cm, rvhich corrcsponds to about 1 sam-

ple per 8000 years.

Sn.rcar slides r.ere prepared rccording to standard

merhodologics, $-hich ha.'e bcen o'idelv used so far in or-
der to recognized all najor abundance patterns of taxa

(Backman tr Shackleton l98l; Rio er al. 1990; Brumann

et al. 1998). Smear slides s'ere anrlvsed undcr a polarized
liehr nricroscope rr 1000x ma,:nific.rtion.

Quanritrtive dite werc obtained by counring selecr-
cd ìndex species in about 150 fields of vien (containing
about 10.000 coccoliths on average), both in rhe Mon-
talbano Jonico and Site 964 sections. Specimens of smalì

Cephyrocapsa occurring in the first five fields of view
havc becn counted and theìr patterns of abundance are

presented as the mean numbcr of specimens per field ol
lierr.. Quanritative abundances of Gepbyrocapsa sp,3 are

shos'n as a pe.ccntîge of the totaì number of nrcdiu:n
sized Gepbyrocapsa. For Site 964, the abundancc patterns
ol Cìeplryrocapsa sp. 3 and medium sized Gepbyrocapsa are

taken from Sprolieri et al. (1998).

Taxonomic notes

The morphoÌogical criteriir for the gephyrocap-
sids iollo*- Garrner (.1977), Rio (1982) and Raffi et al.

(1993). Taxonomicalll' problenatic tax:r are briefìy dis-
cusscd be lou'.

Genus Reticulofeneifra Hay, Molher Et Vadc, 1966

Reticulofenestra asanoi SaIo & Takayama, 1992

Pl. l. f,q\ s-10. l5
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l:ig.5 - Corrcl.rrion oi .rbL'nc1.rn,'c p.rr terr oi (ìel,locrfni \p. -ì $ irh
nugneric chÍ)ns rr rhc I[,Jirer r.rne;rn corc KCi I J]. -\n.rh ri-
c,rl J,rtr ,,i Cql:lri.r,rr., rp. -r, loc,rtio,r oi r,ryr(,pe1 li\ fr lSl
rnd oinriencrìc iround,rrr ,rrL,ixru C.rstr.rdori t19eli 199ì1.

Rcriculolencstr ids thi'ìt arc ltrger than 6 ,un. :rnd
h,rve,r circular to sub-circu|lr outlìne arìd ì widc collar,
rre here iÌssigned ro R. tts,utoi. Acìoptinq thjs iorlneì de-
r,iliptlnn. di.tqn".ri. .rrrd un.rrrrl'i{rr,'u' 1.11oînn1r i. prn-
r'ìded ior th is spccics,

Differenr Plcisroccnc ranges irc eiren in thc lir-
erirure for R. as,rnoi, prob.rbl! becausc borh clJipricrl
specin)cns.rncl//or onll thosc s;rccinrens larger rìurr 6.5

pn1 ìn size halc becn included in this specics (\'letsuoka
Er Oliad:r l9ll9; Sato er;ì1. 1991i \vci 1993; Erba 1995; dc
K,rcnel ct al. 19991 For"n;rcieri 2000).

Intclmcdilrc rììorphotlpcs ber\\'ee11

Ret i a r I ofe n esn a - Pse nl o c nt i I i a t ia
Pl. 1. lig,i I 7

Thesc nrorphotvpes e\hibit a subcirculal outlirre
xnd .rre genelillv hr ljcr then 5 nricrons; thc coll:u- is pronr-

inent lnd n ider thrtin Psautlounilt,utiat th.'cenrrrrl opcn-
ing hrs inrernrecli:rre size bcts een th.rt oi the gencre 1le-

t i c t I oJ c n estra rncl Ps et tloct t ì I i a ri.r .rr rcr r eprescnrs ;roour
i0"',' ol thc totrl lenqrh oi rhe coccoliths. The distrl shicld
shows fcner slits thrn in P. lrcuros,L, but this fclture ìs

noî aÌrr.als cleallr. cletcctlble in poor-h, plesclr,ed mirte-
ri.rl at the polerized lighr microscopc. Thesc inrernredilte
nrorphotvpe's:rr-e clistinqLrished Ironr 1ì. a,rarrol bl their
slits ìn rhc distal shicld, tlteir n'icìer centr:11 opcrìirìg! .rncl

thc lcss pronrincnr collar. Thci can be sirnil,rt to Pser-
doeniliattia p,tciJic,r (Nìshid;r) rh.rr shos s less then rn eh'c
slits in the clist.rì shicÌd. \\t- consider the numLrcr of slirs
an lnrbiguous t.rsononric criterion, cspeci.rlJr in poorh
ples er|etl rr irterì:rì.

PÌcisrocenc rct;culofcnerrids rhrr exhibir irrcrrrc-
dirtc chrr:rctcrisrics bct\\,een lletic t loJtn esnt :Ìnd P.\er-
loeni/i,utia havc bccn documented ls "P /,rclrrr;sa v.rrìctv
A" bv lvl,rrsuok,r 3. Okada (19S9),;is " Retìrlt loJeresnt I
Pseudoen ilillti,r sp." br C:rsrr,rdori (1992;, .rncì :rs "in-
ter-necliltc nrorphonpes bctnccn Àcticrr/o/eaestr; :rncl

Psctdoeuiliatia" irr-\lrrino (1996). In the studied sec-

tions these intermedi.rte nrorphorr pes occur n ithin rhe
srrtaìl G4,l_1'r'oo4rir and I) Lraotosa biozorr:rl inrer-r'll. ìn
agrecnrent l ith tlrcir distributiorr obse.r'r'ccl in thc plevì-
ous Studrcs.

Biostratigraphic results

The \lontalbano Jonico section rrnqes fronr the
Itgc Gepll'ntctpsa to thc Pseudocn iliatt ia lacrrnosa Zoncs
(\INNl9d to IlNNl9f) (\lrrino 1996) accordilg ro the
biozonaì schenrc ot Rio e'r .rl. (1990). Thc inrestiqated
intervrì .rt Sìte 9('.{ corrcsponds to the snr,rll Cepó1,ro-
./rp-r,? rncl P lttÙruostt zoncs (Splovicli et rl. 1998). The
obt:rinecl biostr'.rrigr.rphìc dare ancl thc most r-enr:rrk.rbìe

bioer cnrs ,rre cliscr.rsscd belou:

FCO ancl LCO of Retialofenestra .tsanoi
At rhe Nlonrlltr.rno Jorrico section R. .ls,laor is rare

iìnd \clttered in the ìoncr p.rrt ol its clistr-ibution llngc
(Fig. 3)lduring nrost ol rhe r';rngc rcl.rtir cll high abul
d:rnce llluc.s arc tollori ed Lrv interr'.rls in shiclr the spccics
is lbsent or ri'ile. In the lrppcrnrost p.rrr of irs liu-Ìgc'rhe
r'lritr. ol the spccies prevenr5 to cliscrinrinirtc bet*'ec.n re-
rl'ot'king or normll rrre occtrrrcnccs. The nrocle oi occur
rencc,urcl extirlcrion ol /l.,rs,lrror srLggesrs rhl thc FCO
rnd LCO;rre nrolc reli,rblc evcnts thiìn the.rbsolutc FO
;rncl LO ol the specics.

The clistribution of 11. .rr,r;rr.,r .rt Site 96.1 (Fig- .l)

is consistcnt rvith th:rr obscrled l ithin the Montelbano

Jonico scction. rvirh distìnct lluctuations ìn rbundlnce.
As in rhc Montrìl:lnc)Jonico sectìon. rhe FCO .rnd l,CO
of the species occul L)clo\r,ind abovc the I;O of Gc,pó1,-

racLlpsa sp.3, r'cspcctivelr'. The rrnse of !ìre intetmcdiltc
n'rolphot\:pes bet$'cen /{ettczlrle cstrLt tnd Pse u doen i I-

/-beginning 
temp. disappearance

tì
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Fig.6 - Co,rcl.rtìon betsccr rhe c.rlcrreous n,rrrnoic,ssil rrcnrs .rnd the orlgen isorope sr.rgLs .ìr ODP Site 9r,J. I,ìrthesr ro rhe righr in
rhcdi.rcranlistlrrtprtrposednel'ìnler.prer.rtionofth""xv{enirotopcstr:rtigtaphr'rrlhcl-osr'r']úiddlel)lcist.,ri.ner.lnsllll,n.

C,tlcarectus nnùltut'o\ril biottrdtigraPlr' dt ,llo1tt.llbdlta Janíco Section

rarila apparentll. follo$'s the ebundirnce pattcrns oi R.

.lsduoi borh the Montalblno Jonico section înd at Sire
96-+ (Figs. 3 +).

First Occurrence oí Gephyrocapsa sp.3
Thc FO of Gepblt'ocapsa sp. 3 marks rhe base of

the P lacuttosaZonc (Fig. 1). Aìthou13l.r the spccies is rare

înd scattered in the lower part of its distrìburion ranee in

the Montalb:rno Jonico scction, its FO is a distincr evenr
in the "5 Agosto" partial section (5;r) and occurs rvithin a

Ihick sapropcl lavcr (Fie. 3). The rc-entrv of rhe mediun-
sizcd Gepbyrocapsa, which occurs simuhaneouslv with
thc FO of Gephyrocapsa sp. 3 (Rio er al. 1990; Casrra-
dori 1993; R:ìffi c ltl. 1993), is nor identified in the Mon-
talbxno Jonico secrion. Acruall)', rrr e specimens of nre-
diun-sized ()epbyrocapsa occur continuouslv s,irhjn the

small Cepbyrocapstr Zone. These

prescnces rrre due to reworking,
also o,idcnced by scattered oc-
currcnces of specinrens of laree

Geplryrocapsa (Fig. 3).

Temporary disappearance
ol Geplryrocapsa sp. 3

As irlreadr.shorvn in Ma-
(1996), in thc upper partI'lt'to

T.rb. | - Sunm.rn of correlation of
î. rvrroj d:rtuns nirh oxv-
gen isoropc stagcs.

tr,
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Fig. 7 - Inrrrprcrrri(:n of rhe orvgcn isorope strrtigrrphv ,rr rhe \lonralbano Jonico secrion b.rscd

on nrnnofossil elents discussed in rhe rerr. Saprop.ls in the "5r" secrion are hbellcd rs
rhc corresponding insol:tion scles. The oxrgcn ìrxopc d.rtr rre fronì lìr;lli er :rl. (20c0)

rntì Brilli (unpublishcd d.rr.r). l:or srmbols see lcgend in I:ig. l.

of Montalbano Jonico scction, a distinct remporar): dis-
appearance of Gepb,roc.tpsa sp. 3 \!'ith ies'abundancc
peaks is recorded q'ithin thc P lacunosa Zonc (Fig. 3).
The quantitative distribution of Gepbyrocapsa sp. 3 in
some Meditcrranean sections (Rio ct al. 1990; Sprovieri
er al. 1998) did nor show an\ significanr paracnrc inter-
val. It can hou,ever be clearly infcrred fro- the disrribu-
tion pattern of Geplryrocapsa sp. 3 within the P lacunosa

Zone, available in the Mediterranean core KCOIB (Fig.
5) (Casrradori 1992), rnd suggests its potential utility as

addition;rl biostratigraphic event.

The recognition of the paracnre
intcrval could be prevented bv
lorv salrpling resolution rnd/or
lon, sc'dimcntittion rates.

Calibrallon of bioevents with lhe
oxygen isotopè stratigraphy

Thc oxygen isotopc data
availirble :rt Site 964 (Sprovieri
er al. 1998) rre used to correlare
thc FCO rnd the LCO of R. as-

aac,i ro the marine orvgen iso-
topc stiges (ìt{IS). The FCO of
thc spccies falls in MIS 30 (Fig.
6), evcn though rare occurrenc-
es of the species are recordcd
fron MIS 31/32; scatrercd and
vcrv rarc occurrences (1 speci-
n'ìcns in rhc roral scanncd area

of slide) are present from MIS
34/35. The LCO of R. asanoi

is rccorded in MIS 23 but very
rarc specinrens occur up ro MIS
20 (Fiu.6). A disagreement ex-
ists n'ith the previous corrcla-
tions of FO and LO of R. asa-

rot ro oxlgclr isotope dara (Tab.
1). These cliscrepancies c.rn bc

duc to the previousìy mentioned
taxononlic înlbiguitics, to possi-
ble environnrental facrors and/or
perhaps to the rare and scattered
occurrcnccs of the species in rhe
loq'ernrost lnd uppermost part
of irs ralge, rvhich nrake irs FO
and LO difficult to be detected
for accuratc biosrrarigraphic cor-
relation. I:ollon'ing the nannofos-
sil biochronologr- alailable ar Site
964 (Sprovic'ri er al. 1998) in îhe
Lowcr/Middle Pleistocene trrn-
sirion inten al, the estimared aiÌcs

of the FCO and the LCO of À.
asanoi resulted 1.06 and 0.93 Ma, respectivell'.

The FO oi Gep\,rocapsa sp. 3 at Site 964 has been
correlated ro ìvfIS 27 (Sprovicri cr rl. 1998) (Fig. 6). This
event in the Mediterranean deep-sea cores has been cor-
relatcd to MIS 25 (Casrradori 1993), MIS 26 (de Kaenel

et al. 1999), MIS 25l26 trrnsirion (Raffi 2002), and MIS
27 (Sprovieri 1993; Sprovieri ct rl. 1998) and is considered

as diachronous bet$een Iow and mid-high latititudes (Wei

1993; Raffi ct al. 1993; Raifi 2002). Discrepancies within
rhe Mediterranean area might bc due to different method



of analyscs and s;rrnpling rcsoìutìon, rar'ìu. ol Gaphl,roatpstt

sp. 3 il the lou crnrost p:lrt of it5 rrnqe, rs ri ell ls to difier-
ent ìntel pl etxrions ol the orr gen ìsotopc clatl .rnd ìdenri-
fication ol isotopc st.rgcs. In f:rcr.rt Site 961, tl.re colrcla-
tjon of tìre FO of Caphl,roc,rps,r sp. ì to the isotopc srrres
should be sliqhtlv rer ìsed. According to the strnclard orr'
gcn isotopc curvc oi Shachlcton cr rl. (1990) es s'ell rs the
morc rccerìr orvgen ìsotopc dlta llonr thc \{edjtcrrlnc.rn
Ser (Kroon cr al. 1998; ion Grricnstcin ct aì. 1999; Doosc

et.rl. 1999), rhe t'.rrnrer MIS 25 has lig,htc'r'ò''C) v.rìues il
comprrcd to thc * ar m N4IS 27 (Fig. 1) and represiÌrts thc
last rvalm isotope st,rgc beforc thc bcginniÍrg of rhc ql:rcirl

Plcìstocene; e signific,'rnt cooling occurs :rbovc l\'lIS 25 tcr

*,irr:ds MIS 2l and vcrv hcl\ \' \'iÌlues oi ò 'O erc rccordccì in

MIS 22. This ìs,rÌso,rpperent in thc ox1-gcn rsotope curvc
rt Site 96,+. rhùs sr-rgg.sring thc rcinlerpr.etation of X,{IS 2/
(Sprovicri et al. 1993) rs MIS 25 (Fig. 6).

The revised interpretetion of oxvgcn isotopc
srratigr.lph\. rt Site 96.{ supports thc con-clatiorr of the
lO ol Gcplryrocaps,r sp. 3 to ÌvlIS 25 or ro \{1525/26
rransitioìr in the lVlediter-raneen:rre:r ls clocunrcnted ironr
nrost of the rbove nrentioned liter-lrure.

Chronostratigraphic constraints at the Montalbano Jon-
ico section

The loler prrt of tlìe orlgen ìsotope curle in thc
Montalblno Jonico scction docs not directÌr' correlrte to
the st:rndarcl oxygcn isotope stagcs (Fir. /). Horvevcr, the

.rbove nrcntioncd corr-cllrion oi rhc FO of Gephlrocapxt
sp. 3 to ox1-gcn isotopc strrtigraph): iuìd of the l-CO of ,R.

asazol to MIS 2i recorded at Site 964,:rre pon-erful strrti
gr;rphic constraints for the interpretation of orvgcn isotope
datr at MonralbanoJonico scction (Frg. /). On thc besis oi
thc interpretatìon proposed hercìn fronr rhc 22/21 trlnsi-
tìon up* erds, the ò 'O sign:rl gencrrlly shifts to thc healicr
valucs of the gl,rci,rÌ st,rges ,rnd shou's the rvjder-arrplitudc
flucturtions of thc gÌacial/intcr siacial ci clcs (Fig. 7). 1-hìs

sìgnalcould bc rel.rted to the globrlpaleoclimatic er,ent of
intensificd Nor thcrn Hcmìsphcrc glaciat jon .rt .rbout 90C

k.y: rvhich produced tl.re chenge in rhc ò'O sign:rl fiom ,r

donrinirnt perìodicìn'ol 100 k.;. ro .lC h.y: (ShackÌcton &
OpdvÌrc, i 973; Rucldìmrn ct :rl. 1986).

Follon ing tìrc prcsent interpretation ol the oxvqen
isotopc curr,c rr thc l4ontalbano Jonìco scction, thc be-

tinnilig oi thc tcr-nporar'\' diseppearlnce oi Cephlrocaps.t

sp. 3 conelates îo tìre I'lIS 20/19 transition (Fig. 7), rl-
thougl.r .r dccrcrsc in ìts rbund,rncc (lìig. 3) is apparcnt

evcn slightlv below, at the ÌVfIS 21/20 transition. Correla
tion of the qulntit.ìtirc disu'ibution of Gephltocapsa sp.

3 in cor.e KCOIB (Fig. 5) indicates thar rhe bcginrring o1:

rcn'iporarl dislppcar ence of tl'le spccics occufs closc to tl'le

Brunhes/Matur,rmr boundary r,hìch rvell correlates to MIS
2Ol19 t]'ansition (Shackleton cr al. 1990), thus supportìng
rh\ pre\er,r .nlerprrL.rtiur ol Lh" orr rer i.nrope ' rt've .t
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llonralb:rno Jonico secfion. Tl'ìe LO of GEhyrocapsa sp.
i hls becn corrcìiÌted to MIS 15 in the Mcditerranean Sea

(Sprorieri er al. 1998). Since Gephl'rocapsa sp. 3 is still
prcscn! rt thc top of rhc llIonLalb:rno Jonico sectìon, the
top oi thc scction lies bclori.ìvflS 15.

Based on the published correlations arì'lonq oxvgen
isotope states, sapropel stratigraphl-, clìcrreous nlnno
iossìl cvents rnd insolation o'clcs (Fi*. i) (Lourens et al.

1996; Kroon cr al. 1998; de Kaenel et al. 1999; Pierre et aÌ.

1999), thc t..'c' sa;,ropcl laycrs i'.r thc partì.rl scction "5a"
nright bc rssigncd to i cl cle 90 ancl i-* cle 86 (Fig. 7). It
rs notcnorthv that thc sapropeì correlilted to i-cvcle 90

(seplo;reì 19) corresponds to,r high aniplitude insoletion
nuiniun-i, ,rccording to ll-Ìe îstrononlicàl corr elltion of
Lourens e'r al. (l996). and this can explain jts distincrive-
ness in the Mont:rÌbeno Jonìco section. The age estimate
for. thc FO of Gepl4 r1)ctl1sa sp.3 :rt the Montalb:rno Jon-
ìco sccrion is 0.95 Ma, besed on the srpropeÌ chronologl.
bl Kroon et el. (1993) rnd Pierre et al. (1999).

Conclusions

The calc,u-eous n.rnnofossils in thc Lowcr,/Mjddle
Plc'istocenc trlnsition have bcen inr,estigated in deteiÌ at

the l\{ontalbrno Jonico section :rnd :rt Site 96-{. This rran-
sitjon;rl inter val seems to be rveìl constrained b1' the bìos-
tratigrrphic drtir: thc FCC) rnd LCO of R. asazoi irriprove
the biostratigr ephic resolution in rhe intervrl of the smaU

r',pl'1 "'nO o P.,udoc'ttltt'.t.t Lt.t'.u'a zon, trìn.;tion.
closc to thc FO ol GepbfroctlPs't sp.3.

The FCO end LCO oi Il. asanoì, rnd tiie FO of
Gephyrocapsa sp. 3 hl c bccn correlrtcd ro the oxygen
isotope curve both at Site 96,{ end Montalbano Jonico
section as rvell as to the sapropel stratigraphv identìfied
it NlontxÌb:rno Jonico. Thc FCO of R. ar4rrri correl:ìtes
rvith MIS 30 at Site 96.1, u'hile its LCO correlates q'ith
MÌS 2i. The FO o I Gephlrocapsa sp.3 has becn corrclat
ecl to MIS 25 ir.r the scction of M ontalb:ìno Jon ico and at

Si.c qo l. n L. 
r s a I t'i.,r. r'p |ct.r i io rì oi r ìrc ,tr"g, rr isor opc

stages has been proposcd. In thc ìvlontrlbanoJonico sec-

tion, the FO o{ Gephlrocaps't sp. 3 falls within a thick

' p ,'p. lrhrr l rr l'. r'eierr.d ro r.rprop. l lo.rccordi.i
to thc :rviriìable correÌations of calcareous nannofossil,
slpropeler-rd oxygclr isotopc str:ltigraphy (Lourens et al.

1996; Kroon ct al. 1998; de Kirenel et al. 1999).
A clistinct tenrporarv disappearancc of Gephyro

capsa sp. 3 is rccorded jn the Nlor.rtalbano Jonico sec

tion n'ithir.r the P lacttrtos,:t Zone. The beginnìng of tl.re

rcnrporarl disappe,rrlnce corrcletes wjth MIS 2A/19 nd
nrar. be,rn rdditional cvcnt s.ìthin this biozone. Tl.ris is in
egreerrcnt \.ith drte fron-i Core KCO1B, where the event
ìs also docun-rented ,rs closc to thc Br unhes/Maîuyama
mîlinctic boundary Additionel drta lre however requìred
in order to verifr-rhe spatial:rncl tenlporal occurrence of
rhe e\,ent for improving the biostratigraphìc resoÌution
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within the P. lacwtosa Zonc.
Thc Mont:rlbano Jonico section eppcars a possible

refcrencc section for the selection of the Lower/Middle
Pleistocene GSSP It includcs the boundarv bcts c'en the
smxll CePhlrocLtpsa Zonc 

^\d 
P lacunos,t Zone, r,hich

is chronologicalh constrained bl IIIS l5 rnd srrpropel
19. According to oul interprctation oi the oxvgen iso-
tope curle, rhe Montalbano Jonico scction includes I,[I5
19, rvhjch corresponds ro rhc Brunhes/Maruyrmr chron
bounderr' (Shacklcron ct :rl. 1990), arrd n'ould provide:rn

altcrnative phcemenr for thc Lo*,er/Middle Plcistoccnc
boundar| srri orl-pe, accolding ro Richmond (1996),

.,11bn-..lulgotettrs. Tlc.rurhors r ish ro th,rnk rhc Oce.rn Drill-
ing I'rotr.ìù for pxNid'n{ s.ìnrplc\ oi S;r(.1)6+ rntl rhe Ccnrro di Sru-
clio ptr il Qu:rtcrn.rrio e I cr olLrziont rmbicnrrlc. CNR Ronr.r" |or prt-
r idin,r orr gcn isotope drt.r oi rhc NIonr.rlb.rno Ionico succcsslon. .J.A.
l'lorcs rntl D. C.rstr.rdoli imprcrcJ rhe iill drrit of rhc nr.rnuscriirr;

K. r'on Srlis.rnd L Rriii ire srciÌ!1\..1ckllo\ledgccl ior rheinalu.rblc
suggcsrions r r'cr iesr.
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