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ABSTRA CT - Plioce11e terrigenom sedimems croppù1g 011t nt the lilnnsir.io11 bettu(Jen the Soruhem Apennù1es thrusr belt nnd rhe Bmdrmic 
Fo,-edeep (S011thern ltaly) were hwmignted by merms of a11 integmted biostmtigmphic stud_y on calc111eous nmmofaS:Sil 1111d pumlttrmic

fa1nmi11iftml msemb/ages. The 11xa111ù1ed tleposits hm1e been pru11io11sly reftrred to the trrmsgrmive pan of the Bmdm1ic Cyc/e, late Pliocene to
carly Pleistocene in nge. 

Despite the prèscllct' of a considcmblc amount of prc-Pliou111: rmd Pliocene raworked specimc11s ,md the mrity Qr the absence of some mark­
er species, rhe qunntitntive appronch ro crtlmreow na,mofossil biostmtigmphy as well ns th(J intt,gmtion 111ith forami11ifeml dn1n nl/0111 10 recog­
nize sc11emL biozo11nL c11ofl'ts within thc eml;, Pliocme rma the flltt1 midi/le to late Pliocene reco,·d. The first occ11rrcnccs ofBul imi na b,1sispinosa
nnd Ehl limina muginatn 11111011g the benthic fomminifera wc1"11 a/so dctected; thm events permit ro recog11ize the imervals V/f n11d VIJJ 0J�,pn11k 
(1983), res;1ective!J. 1ìvo horizrms chnmct-11rizcd by fl61111d1mt dintoms 1111d silicof/agell11r.es, welL correl11t11ble in tivo sectio11s, ha.ve bei:11 obser11od. 

The b1ostrntigrnphir: rernlts n/Jow to asst1rt that in the studied tll"f!fl the co
°:}

1 lomeratic-sm1dy rmd silty-da;•ry deposùs are rcfamb� to the nn11• 
nofossil Zone MNNJ 4-15 ami to thc Globoror-.il i:L puncci ulata planktonic "O/"/llilinifoml Zone of earl;• Plioce11c age; the t.xpanded clayey mc­
cessio11, th11t ovcrlies the middle Pliocene conglomerntic 1111d c,dmre11itic-sa11 :Y dep_osir.s, is middle ,o /ace P/i.ocene in age rmd spnm the inten111l 
from the upp_cr pm·t of the nmmofossil Zo11c MNN l Oll ro Zom: MNN 19a - tht! G loboroc:a l ia crassaformis (partim) rmd Globorocal ia i nflarn
pl1111kto11ic Trmmli11ifom/ Zo11as. !t is 111orth mentioni11g th11r the i11t11rlJll/ sp111111i11g the uppcr lmuer Pliocene IO the lower middle Pliocene is l/01

repr1m:n1ed in the st11di11d m-ea. 17,e biostmeigmphic res11lr,1, compared to previous stmtigmphic dara, mggest thnt the studied deposirs a1"f! corre­
uitablc ivith two difforent sedimentary cydes, recognizud in othcr arens 11r the outor bordcr of t17t! Southcrn llpc11nines. 

RIASSUNTO - [Biomacigrafo1 i nte�r:na basata sui na.nnofossil i calcarei e fomminiferi de.i depositi terrigen.i pl iocenici dell'Appennino
meridionale (Lucanja)] - Vengono esposti i rimltati di rmo srudio biommigmfico inugmto a nnmwfossili calcm-ei I! fomminiferi planctonici co11-
dorto su depositi terrige11i pliocenici aJJJommi in prossi7nltìt del 111àrgi1111 (!Sterno deli'1J!pennino lucano (lrnlìn mcridìonnle), 11cll'arrn compr11s11 
tm S. M11uro Pone e Stiglia11Q (Bns,licma). Tr,/i depositi, secondo la crtrtogmfin ufficiale, mppresentano In fase tmsgrmiva mpmpliocenico­
i11ji"llplcistocenica del Ciclo bmdanico sulle 1111itÌI pre.-plioceniche. 

Nonostnnte /11 comistem11 prese11z:n di ftnome,ii di rima11egginmcmo pre-pliocmico e pliocenico e /11 rariiit (I nsse11Z11 di alcune specie m111·ke1; 
I� studi_o q11r:mitnei�� �ulle asso�i�ioni 11 _11a1111ofossfli ca�care[ e il c�11fi_·o�1to con _le ns�oc1azio11i f/ jòmm�nifo�·i /�a perme�so_ di riferire ! sedime,�­
u an11Lizzat1 n prccm mterwtlh b1oz1mal,, compnm tm 1l Pl1oce11e uifor,01-e ed ti P!ioc:e11I! supenore. A, fim dt 111111 ,mg!tore moluz1011e stmtJ.·
grafica sono stati: inoltre comidemre le distri.b11zio11i di fllc1111e specie di famminiferi be11to11ici: in particohrre In prima compnn11 di Bul imina
basispinosa e di Bul im.ina rnarginaca. Vie11e inoltre .regrmlafll la presmm di due oriZ?,J)nti contmenti abbondanti diatomee e sili.coflagellate be11 
corre"1bilc in due delle sezioni n1111lizwtc. 

I rìsulrnti biostrntigmfìci i11dica110 che nell'area in esam(J i depositi sabbioso-co!!tlomemtici e argilloso-si/tosi i11fi't1.plio,·1111ici sono nttrib11ibili 
alla Zo11a MNN14-15 (nn,mofassili) e nl/11 Zona a loborntal 1a punctiwlata (Jomminifori p!mu:tonici), memre le ,,srùSe successioni argi/1.ose
11/l!so-mpmpLioce11iche, poggiami stmtigraficmflente m depositi conglomemtici e cnkarenitico-sabbiosi dei Pliocene medio. sono riferibili ad 1111 
imervnllo compreso tm In pnrte ,tltn dt•ll11 Zona MNNJ6a e In Zo11fl MNNJ9a - Zo1111 ,1 ,lobororali3 cras..�aformi ,. Zo11n II lobororal ia
inAaca. Ncll'n.1"f!a indagata rimltn assente l'intervallo compreso trn la p11rte nltn del />liou11e infarior� e In parte inferiore del Plioceni! medio. 1
rimlrttti ottenuti, e il confiw,to con sturli precedenti ù1 t11Y!a prossime II q11c/111 in oggmo, suggeriscono che i depositi pliocenici esambiati sono cor­
n:lttbili 11 due cicli sedimcmrtri distinti, rico11osciuti in al.tre localitti ubimte in prossimità del margine esremo delfAppen11i110 meridionale. 

INTRODUCTION 

Pl iocene and Pleisrocene terrigenous clayey 
deposits crop out widely along the outer border of che 
Southem Apellllines. They proved to be suitab le for a 
biostracigraphic study of the cakareous plankton 
assemblages, allowing good correlaàon at a regional 
cale. The Pliocene ru,d Pleistocene incegraced caJ­

careous plankcon b iostratigraphy is weU escablished ar 
present and provides a high biomarigraphic resolu-

tion of the geological record of the Mediterranean 
area. Few papers {Marino, 1 992, 1 994; Amore et al. ,
1 996) have already discussed the possibility of  apply­
ing rhe recent Medicerranean Pliocene and Pleisto­
cene biozonal schemes co the Southern Apennines ter­
rigenous deposi.ts. Sioce su·ong reworki ng an.d d j Ju­
cion of calcareous plankton due to che great amount 
of i norganic detricu may b ia  b iosrrarigraphic data, 
in rhis cudy an imegrat�d b ioscracigraph_ic appro�c!1
on  caltareous nannofo s 1 ls and plankto11 1c forarn1 1 1 1 -
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fera, irnplemenred by a quancirarive analysis on cal­
careou nannofossils1 highly improved eh bioscraci­
graphic resolurion of the Pliocene record from che 
Southern Apennine Foredeep. Strarigraphic cudies 
on chese depo its are stiU in progress in order to clar­
ify rhe evolution of che Plioceoe-Pleisrocene Bradanic 
Foredeep. 

This paper deal with che biosrrarigraphic re.sulrs 
based on calcareous nannofossil and plankconic 
forarniniferal assemblages from fìve Pliocene rerrige­
nous seccions. The e ecci on were sw-veyed at the ou rer 
border of che outhetn Apennines between . Mauro 
Forre and Stigliano in che Ba ilicaca region (Texc-fìg. 
1). New data on Pliocene bio tracigraphy from 
Mediterranean terrigenou sediments are discussed. 

� :> ... ................ 
·. · s.'Mauiò l'<òrté ·:......................... . . . . . . . . . .. . . . . . ' . .  . . . . . . . . .. . . . . . . . .. . . . . . .

GEOLOGICAL FRAMEWORK 

T he investigaced area i I caced ac che tran ition 
between che astern ide of che ourhern Apennines 
and the Bradanic Foredeep (Text-fìg. 1) where Plio­
Plei eocene cerrigenou clayey deposi.es are widely 
exposed. The Apennines un ics are here represenred by 
Cretaceous co Miocen.e flyscb deposics referable ro che
Flysch Rosso Formanon (Scan.done, 1967) and rhe 
Fly eh Numidico Forrnacion (Ogni ben, l 963). The 
Bradanic Trough represencs a Plio-Pleiscocene 
domain locaced berween che ouchern Apen.ni.ne 
chrust b lt and the Apulian foreland uni e . In var.iou 
locali cies ac che oucer border of che ouchern 
Apennines, the Pliocene and lower Pleistocene 
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Text-fìg. 1 - Geologica! sketch 
map of che scudied 
area and location 
of che invesrigaccd 
secrions. After: 
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lcaly 1:100.000, 
Foglio 200 "Trica­
rico" (13ocnzi tt al.

1971), Maiorano 
(1991) and Gallic­
chio & Maiorano 
(1999). 1) Torren­
te Misegna-Fosso 
Varicello sccLion; 
2) Valle Difesa sec­
tion; 3) Serre Alte
section; 4) Fosso
Varicella section;
5) Grotticelle sec­
tion.

� Cretaceous,Miocene Apennines units D Pliocene conglomeratic and sandy units 
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deposits have beeo referred to cwo differenr sedimen­
rary cycles, early-middle Pliocene and middle/lare 
Pliocene-early Pleiscocene ill age, respecrively 
(Centamore et al., 1971; Maggiore & Walsh, 1975; 
Boenzi et al., 1979; Maggiore et al, 1981; Sabaco, 
1984; Caldara et al., 1993; Sabato & Marino, 1994; 
Amore et al., 1996; 1997), on the basis of the pres­
ence of an angular unconforrnity aod/or a scraci­
graphic gap between the lower and upper cycle. 

According co Boenzi et ai. (1971, F° 200 of che 
"Geological map of Italy" I: I 00.000), che srudied 
deposirs in rhe invescigaced area are ascribed to che 
transgressive parr of the Bradanic Cycle, daced to r.he 
lare Pliocene-early Plei eocene. From a lirhostrari­
graphic point of view, they consist of conglomerates 
and calcarenitic ·ands, referred to the "Sabbioni di 
Garaguso" Formarion, in rhe lower pare, tratigraphi­
caliy overlain by silry-clayey deposits referred co the 
"Argille di Gravina" Formarion {Boenzi et ai., 1971). 
fu a whole, th� diment are considered as an 
ingres ive hemicycle of Plio-Pleisrocene age. In sever­
al localiries adjacent to che e.xamined area, ocher 
res archers recognized rwo differenr sedirnenrary 
cydes wirhin che PI io-Pleistocene deposirs on che 
basis of srrarigraphical evidence (Maggiore & Wal h, 
1975; Sabato, 1984; Caldara et al., 1993; Sabato &

Marino, 1994). In particular, the lowe t cycle was 
referred to the lower Pliocene nannofossil Zone 
MNN14-15 (Sabato & Marino, 1994), somewhere 
excending higher co che lower pare ofZone MNN16a 
(Caldara et al., 1993); che uppermo t one, which lies 
unconformably on lower Pliocene deposits or on pre­
Plioce.ne flysch deposirs is assigned co the upper pan 
of Zone MNN16a tO Zone MNN16b-17 (Sabato &
Marino, 1994) or spans che interval frorn the rniddle 
Pliocene Zone MNN16a to the lower Pleisrocene 
Calcidiscu.s mttcintyrei Zone ( Caldara et al., 199 3). 

In chis srudy, fìve eccions have been sampled in 
the Pliocene clayey deposits (Text-fìg. 1). In particu­
lar, the sediments in the Torrente Misegna-Fosso 
Varicello and Valle della Difesa sections lie uncon­
formably on che Miocene foredeep unit and consi t 
mainly of ilty-clay wich a conglomeratic- andy 
inrerval in rbe basai pare. They bave a monocline et:­
cing dipping roward che north, are areally limired 
and rheir thickness does nor exceed 20 m. The Serre 
Alte, Fosso Varicello and Grotticelle sections are 
mainly composed of clayey sedimenrs 100-360 m 
thick, chat are widely ourcropping. The succe sion 
lies srratigraphically on a middle Pliocene conglomer­
acic and calcarenicic-sandy body, about 50-60 m 
thick, tran ·gressive on pre-Pliocene units. In che

western secror, che clayey deposits have a NW dip­
ping and are cruncated and overthrusced by che 

retaceous-Miocene Apennines Unics; in rhe easrern 
ector, they di p.lay mainly a monocline etring with a 

NE dipping towarcl che outer par of rh Bradanic 
Trough. 

MATERIAL AND METHODS 

Clay and silty day are che rnain lithologie in the 
studied sections. They bear abundant calcareous nan­
nofossils and foraminifera; moreover, an abundant 
biogenic iliceous content (diatoms, silicoflagellates 
and sponge spicules) has been recorded in cwo silry 
levels in rhe lower part of the Serre Alte and Fosso 
Varicello sections. These two levels, whire-grey in 
còlour, are few centimecres thick and show a weak 
parallel laminacion. 

The calcareous nannofossil study has been per­
formed on smear slides observed with an optical 
micro cope at 1 000X magnificarion. The quancitacive 
methods of Backman & Shackleton (1983) and Rio 
et al. (1990) have been followed: a) che abundance 
patterns of discoasters were constructed starring from 
counting 50 to 100 taxonomically relaced forms, then 
the abundance of various discoaster taxa was plotted 
as a number of specimens per mm2

• Alchough dis­
coasters are often rare in the srudjed section , rhis 
method was of grear utilicy in rhe middle and upper 
Pliocene interval allowing ro idemify reliably che last 
occurrences (LO) of Discooster tamalis, D. pentaradia­
tus and D. brouweri and co crirically evaluare che 
amount of reworking. Within che Dictyococcites pro­
ductu.s Zone (MNN 19a), numerica! occurrences of 
all reworked. discoa rer have been decected by can.­
ning an area of 20 rnm2

• In addition in che lower 
Pliocene, che abundance pacrerns of Reticulofinestra 
pseudoumbilicu.s and Sphenolithus spp. have been 
identifìed by couming 500 pecimens > 4 µm in siie 
from che cocal assemblage and chen plorced as per­
cenrages. E cimared adundances of che species not 
considered in che counting are reponed in che range 
charrs (Tables 1-5); rhey result from qualitative analy­
ses of about 3000 specimens. 

Plankronic foraminiferal assemblages have been 
smdied qualicarively on washed residues from the 
fraccion > 125 pm (sample comi. weighr 350 g). Few 
marker specie arnong benrhic foraminifera have also 
been idenrifìed in order ro improve rhe biostrati­
graphic resolution. 

BIOSTRATIGRAPHY 

Severa! Pliocene and Pleistocene calcareous plank­
ron bio a-arigraphic chemes have been proposed so 
far for regional correlarions within che Mediterranean 
area ( chmidt, 1973; Muller, 1978; Ellis, 1979; Raffi 
& Rio, 1979 for calcareous nannofossils; Cita, 1973, 
1975; Colalongo & arroni, 1979; laccarino & 
Salvatorini, 1982; Spaak 1983; laccarino, 1985; 
Sprovieri, 1992 for planktonic foraminifera). 

The calcareous nannofossil biozonal scheme of 
Rio et al. (1990) ha been foUowed in che presenr 
work (Texc-fìg. 2), a ic has been la(gely adopted by 
various auchors withi□ cbe Medicerranean region 
borh in pelagic and rerrigenous land sections as weU 
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a in deep-sea records. The scheme provid a quanci­
tative defìnitions of zonal boundaries and is of greac 
uciliry for a critic� evaluacioo of cbe di tribucion of 
specie , relfabiliry of calcar ou nannofossil events 
and reworkiog. 

cus Zone (MNN14-15) in the lower Pliocene; (b) the 
upper pan of Zone MNN16a and Zones MNNIGb-
17, MNN 18 and MNN 19a in the middle and up per 
Pliocene. 

In Texr-fìg. 2 che ch.ronomarigraphic range of the 
srudied secrions i also shown. Accordiog co the above 
menrioned zona! scheme, rhe following bi.ozo.nes have 
been identified, (a) the Reticulofaizestrti pseudoumbili-

Concerning the plankronic foraminifera, che bios­
rrarigraphic cheme of paak ( 1983) ha been adopt­
ed in chis srudy (Texc-flg. 2). The biozonal sch me of 
Cica (1975) emended by Rio et al. (1984) and 
Sprovieri ( 1992), could nor be applied sin cc che iden-
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Text-fìg. 2 - Mediterranean Pliocene calcareous nannofossil and foraminifcral bios1ratigraphic schemes ad ptcd in chi study and com­
parison with calcareous nannofossil standard zonation. The chronosrratigraphic range of the studied sections is also shown. 
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rificaci n f the lasr occurrence (LO) of Sph11eroidi­
nellopsis spp., which defìnes che base of Zone MPL5a, 
was pr venced by the absence f eh e raxa in rhe 
studied secrions. Moreover the rare and carrered 
occurrence of Globorotalia bononiensis in the studied 
inrerval prevented a rdiable idenrification of the LO 
of chis taxon, which defìne the base ofZone MPL5b 
(Texc-fìg. 2). On rhe other hand, che co-occurrence of 
Globorotalia crassafarmis and G. bononiensis, even 
rare, in che ab ence of Globo1·otalia puncticuLatrl 
allows ro recognize che G. crass4farmis Zone of paak 
(1983); che base of che Globorotalia infltlta Zone is 
recognized on che fìrsc occurrence (FO) of G. inflata 
(Spaak, 1983) in che upper Pliocene. 

Correlacion berween che calcareous nannofo sii 
scheme of Rio et al. (I 990) and the foraminiferal bio­
zones of paak (1983) resulrs in a well esrablished cal­
careou plankcon biostrarigraphic cheme for che 
Pliocene record withi.n che Meclicerranean area {Rio et 
al., 1990 1994· Sprovieri, 1993) (Texr-fìg. 2). 
Chronosm1rigraphic boundary have been craced 
ac ording ro Rio et al. ( 1998) and Ca tradori et aL

(1998). Chronology of the Pliocene event, according 
to the time scale ofHilgen (1991) and Cande & Kent 
(1992; 1995), is al o available in provieri (J 993) and 
Berggren et al. ( 1995) respectively. 

Two bemhic foraminiferal events the FOs of 
Bulimina basispinosa and Bufùnina marginata, have 
al o been plorred against the calcareous plankco11 
scherne (Texc-fìg. 2). These two events, previously 
proposed by Co.lalong & Sartoni (1979) and 

ola longo et al. (1982), have been dared by >provieri 
(1985) and provieri & Ha egawa (1990) an.d re-cal­
ibrated to the GPTS of Cande & Kcnt (1995) by 
Maiorano et al. (in prep.) allowiog a more precise 
correlarion of rhc FOs of B. basispinosa and B. mar­
ginata wich che imegrared caka1·eous _p.lankton bio­
zonal vencs _(11 xr-fìg. 2). The �O f B. basispinosa
and B. ma,-grnatfl result d ro be 1mporcan.c addinonal 
bio tratigraphic events. 1n particular, che FO of 
Butimina bnsispinosa slighrly po tdare che ba e of 
interval Vll of :>paak (I 983) defìned on che FO of 
left coiled Neog!oboquadrina atlantica (a taxon not 
recorded in che srudied sections) and, in agreemenr 
with Sprovieri (1985), occurs ju t above eh LO of 
Discoaster tamalis; the FO of B. margiriata was iden­
tified between the LO of D. pentaradiatus and che FO 
of G. injlattJ. and slighrly postdare rbe base of inter­
val VIII of �paak (1983), defined by the LO of G. 
bononien.sis. Consequenrly, rl1e FOs of B. bnsispinosa 
and B. marginata can be used for idencifying the 
inrervals VU and VIII of Spaak (1983). 

LOWER PLIOCENE DEPOSITS 

TORRENTE MISEGNA - Fosso VARICELLO SECTION

This ·ection crop out at the confluence of the 
Torrente .lvlisegna wich Fosso Varicella (Texc-fìg. 1). It 

i about 20 m thick and consiscs fa conglomeratic­
sandy interval abouc 2 m thick (Text-fìg. 3), trangres­
siv on che pre-Pliocene unir passing upward co a 
silty-clayey succession. 

Calcareous nannofossils and foraminifera recov­
ered in 8 samples (Table 1) from the pelitic interval 
are generally rare and poorly diver ifìed. Nevertheless, 
the seccion could be referred to the lower Pliocene 
based on the identification of the MNN14-15 Zone 
and G. punctirnlata Zon (= incerval IV of Spaak, 
1983). Few co rare pecimens of Pseudoemiliania 
larnnostt rhe FO of which is considered a secondary 
event in rhe zonal scheme within the MNN14-15 
Zone (Rio et al., 1990), have been recorded in this 
seccion. H.elicosphaera sellii is also presene in che 
assemblage . Abundance patterns of R. pseudoumbili­
cus and Sphenoiithus pp. bave been monirored in che 
ection. The relacive abundance of R. pseudoumbilicus 

(Text-fìg. 3; Table 1) seems to indicate an interval 
below the LO of chis species which, according ro Rio 
et al. (1990), is defined by a drop in abu.ndance bel.ow 
2%; in rlùs s ction, with che excepcion of ampie 8, 
R. pseudoumbilicus displaie percentages higher rhan
2%. Moreover, R.io et al. (1990) equaced che LO of
Sphenolithu.f pp. to a drop in abundance of the e taxa 
below 1 %; in this secùon the abundance of 
Sphenofithus spp. ranges from 1.8% to 3.8% suggest­
ing rhat che emire secrion predaces the LO of these 
taica. Discoascers a.re exrremely rare in the ectìon and 
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MISEGNA- V ARICELLO Sample 

Calcareous Nannofoull.l I 3 4 5 6 8 9 Il 

Total Abundance F e F e F F e F 

Prcstrvalion M M p M p p p M 

Am•urolìlhus delicatus R 

O,Jeidi..,us leptoporus F e F e R R e R 

C. macintyrei R F R 

Coctolithus pelagicus e A F A e e e e 

Dietyoooccile& productus F e R e F 

Discoaster brouweri R R R 

O. intcrcalaris R R R 

D. pentaradiatus R R R R 

D. surculus R 

D. triradiatus R R ·  

D.  variabilis R R R R R 

DiS<OllSterspp. R R 

Ftclicosphaera carteri R R R R R 

H. sellii F F F R F R F 

Pontosph,crn spp. F R R R R 

Ptc:udottmili,11ini.n lacunosa R R R R R 

Rcticulofcneslra minuta A e A e F e 

R. minutula e e e e e e F e 

R. pseudoumbilicus F F 4 2 F 2 .2 I 6 F 2 ,2 

R. small pscudoumbilicus F e F F F F 

Sphcnolilhus app. F e 2.8 F 3.8 2.4 F 1.8 

Planktonlc Foraminifera B B B 

Globigerina bulloides X 

Globorotalia puncticulata X X X X 

Globigeri.noides trilobus sacculifer X X 

G, trilobus trilobus X 

Orbulina-universa X • X X 

N annofossll blozone MNN14-15 

F oramlnlferal blozone Globorotalia puncticulata 

AGE EARL Y PLIOCENE 

Tab. 1 - Discribucion of calcareous nannofossils and 
foraminifcra in che T. Misegna-Fos o Varicella sccrion. 
Tocai abundance: C = l 0-20 specimcns/fìeld of vicw; F 
= 2-10 specimcns/ficld of vicw; 8 = Barre11. Rclacivc 
abundancc: A= 2-10 specimcn /fìcld of vi w; C = 0.5-
1 spccimens/fìcld of vicw; F = 0.02-0.5 specimcn /fìeld 
of vicw; R = 0.005-0.02 specimens/fìcld of vicw; X = 
presene. Prc erv:uion: P = poor;. M = moderate. 
Percenrage abundances of Sphmolitlms spp. and R. 
p_wrdo11mbi!ic111 are based on counrings of 500 nanno­
fossil specimcns. 

no quanricacive analysis has been performed on this 
group; only rare and catcered pecimens of D.

brouweri, D. intercalaris, D. pentrtradiatus, D. surcu­
Lus and D. variabiiis have been recorded. 

Planktonic foraminiferal assemblages are very 
poor and only few species ha.ve been recorded· che 
presence of G. ptmctirnlata in che absence of 
Globorotalia ma,garitae allow che identifìcatìon of 
the G. puncticu!ata Zone, confìrming che assignmenr 
to che lower Pliocene. 

vALLE DIFESA SECTION 

This section has been sampled in Valle della 
Difesa (Text-fig. 1) and consists of a silty-clayey uc­
cession, abouc 15 m thick, transgressive on Miocene 
turbidite deposits. 

T he calcareous nannofossil and foraminiferal 
assemblages recorded in 5 samples (Table 2) allow 
the idencifìcacion of che MNN14-15 Zone and G. 
puncticulata Zone. 

Reticulofinestm pseudoumbiiicus and Sphenoiithus 
spp. display abuncfance values generally Fugher than 
2% and 1 %, re pectively (1èxr-fìg. 4) suggescing an 
imerval rhar precede the LO of che e raxa. Very rare 
and cactered occurrences of Pseudoemitiania lacunosa 
are recorded in th as emblages as well as very rar D. 
asymmetricus, D. pentamdiatus and D. intercalaris. 

A very poor Jow diversity foraminiferal assem­
blages are recorded in rhis secrion; neverrheless che 
occurre.n�e of G.pimc�cidata allows co recog�ize rhe 
G. pimcttculata Zone m good agreemenc w1ch cal­
careou nannofossil data.

MIDDLE ANO UPPER PLIOCENE DEPOSITS 

SERRE ÀLTE SECTION 

Thi campo ire section has been sampled from 
the Torrente Misegna co Piano ·cagliolo locaJity 
(Texc-fìg. 1 ). r is abouc 380 m thick, Lies scrari­
graphically on a middle Pliocene calcarenicic-sandy 
succession, about 40 m rhick, and i composed most­
ly of clays and silty clays (Texc-fìg. 5). Two w akly 
laminated clayey levels few centimetres thick occur 
in che lower part of che seccion. 

EXPLANATION OF PLATE 1 

XP = crossed polarized lighc, PL = parallel lighc. Micrographs = 2500X, except where otherwise indicared. 
Fig. 1 - Helicosphaera sellii Bukry & Bramlette. XP, Fosso Varicello seccion, samplc 15.
Fig. 2 DiscoasteJ· asy111metric111 Garmer. PL, Serre Alte seccion, sample I. 
Fig. 3 P.e11dol!mi/ia11in l,1c1111osn (Kampcncl') Gartncr. XP, Fosso Variccllo soction, samplc 12. 
Figs. 4-5 - Discoast!!rpentaradiattis (T.1n) Bramlccce & Riedel. 4) Pi., 5) XP, Fosso Varicello seccion, sample 6. 
Figs. 6, 9 - Cnlcidisms nu1ci111Jrei (Bukry & Bmmlccrc) Locblich & Tappan. 6) PL, 9) XP, Fosso V.1ricello scction, samplc 12. 
Fig. 7 - R111ic11/oftnestl'II pm1do11mbilicm (Garmer) Garmer. Xl� Misegna-Variccllo section, samplc I J.
Fig. 8 Discoastcr tamnlis Kampmcr. PL, Serre AJce seccion, samplc l. 3250X. 
Fig. 10 Dùconstur bromueri (fan) Bramlctrc & Ricdcl. PL, Fo so Varicello seccion, sample 12. 
Fig. 11 - $mali Gephyrocapm arrner. XP, Serre Alce ection, sample 34. 3250X.
Fig. 12 Disco11Jt11r trirndi11r:mTru1. PL, Groccicclle secrion, samplc 13. 3250X. 
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V ALLE DIFESA Sample 
Cnlonl'e(IUS Nannofosslls I 2 3 4 5 

To141 Abundnncc F F F F F 

Preservati on p p p p p 

Calcidiscus leptoporus F e F e F 

C. macintyrei R R R R 

Coccolithus pelagicus e A A A A 

Dictyococcites productus F F e F e 

Discoaster asymmctricus 0.08 0.08 

D. intercalaris 0,08 

D. pentaradiatus 1.28 0.25 0.08 

D. variabilis 0.17 

Discoaster spp. 0,34 

Helicosphaera carteri F e F F F 

H. sellii F F F e F 

Pontosphaera spp. F R F 

Pseudoemiliania lacunosa VR VR 

Reticulofenestra minuta e e e e e 

R .  minutula e e e e e 

R. pseudoumbilicus 3 l .7 l .2 2 2 

R, small pseudoumbilicus F F F F e 

Sphenolithus spp. 4 .6 5 4 .2 3 .4 5 .4 

Planktonlc Foramlnirera 

Globigerina apertura X X 

Globorotalia puncticulata • X X X X 

Globigerinoides obliqus extremus X 

G obliquus obliquus X X X X 

G. ruber X 

G. trilobus immaturus X X X X 

G. trilobus sacculifer X X X X 

G. trilobus trilobus X X X X 

Orbulina bilobata X X X 

O. universa X X X X X 

N annofossil biozone MNN14-15 
Foraminiferal blozone Globorotalia puncticulata 
AGE EARL Y PLIOCENE 

Tab. 2 - Distribution of calcareous nannofossils and foramini­
fera in the Valle Difesa section. Abundances of dis­
coasters, reporced as N°/mm2

, refer to a scanned area of
20 mm'. Symbols as in Tab. I. 

Both calcareous nannofossil and foraminiferal 
assemblages recognized in the collected samples 
(Table 3) are often abundant and well diversified. 
Abundance pattern of ·elected calcareous nannofos­
sils, as welJ as the recognized foraminiferal evenrs are 
shown in Texr-fìg. 5. The seccion has beeo referred to 
rh middle and upper Pliocene ba ed on che idencifì­
cation of che calcareous nannofossiJ Zones MNN 16a, 
MNN16b-17, MNN18 and MNN19a and the 
foraminiferal Zones G. crassaformis and G. inflata. 
Abundant diatoms and silicoOageHates, Pliocene in 

age ( ersonde, pers. comm.), have been observed in 
smear slide of samples 3 and 4; sponge picules also 
occur in the washed residue (fracrion > 125 µm). 

Discoaster are genera.lly rare in eh cakareou 
nan.nofo sii assemblage ; n vertheless, che quantica­
rive analysis aHowed to reliably identify che LO of D. 
tamaiis, D. pentaradiatus and D. brouweri. Reworked 
pecimen of R. pseuclournbilicu.s and Sphenolithus spp. 

and of pre-Pliocene ca.xa have been recorded through­
out the seccion. 

The LO of D. tamalis and D. asymmetric-us are 
well dececrable berween sample 2 and 3. Rare occur­
ren.ces of D. brouweri and D. pentaradiatus characrer­
ize rhe MNN16b-17 Zone; rare specimen of D. 
tamalis and D. asymmetrù:us ar recorded wirhin rhis 
zone and are interpreted as reworked.. 

In the upper pan of che ectìon, che numerica! 
abun,dance of tocai reworked discoascers ha been 
compared to rhat of D. brouweri in arder to detect the 
LO of che laccer species; D. brot.iweri drop in abun­
dance becween samples 19 and 20. From sample 20 
upward che total abundance of reworked discoascers 
becomes imilar to chat of D. brouwcri indicaring (1) 
rhac che lacrer ,peci.e is also reworked, according to 
Backman & haclclecon (1983), and (2) a srrati­
grn.phic interval above che LO of chi speci.es. The 
occurrence of abundant specimen of small Gephyro­
capsa charncrerizes che MNN19a Zone. 

Wich regard co che foraminiferal assemblages, che 
presence of GloborotaLia crassaformis and rare 
GLoborotalia bononiensis in che absence of G. puncti­
ett!ata allow co recognize che G. crassaformis Zone 
from amples l co 19. In che lower pare of chi zone, 
che FO of Bulimina basispinosa has been ob erved jusc 
above the LO of D. ta,nali.s, in agreemenc wich 
Sprovi.eri (1985). Between samples 13 and 14, in the 
u pper part of che G. crassaformis Zone, che FO f
Bulimina margi.nttta bas been recorded; in che erre
Alce eccion chis evenc coincides wirh che LO of D.
pentaratiiatus, probably becau e of widely paced
amples in chis incerval. The F f G. inflaca falls

berween sample.� L9 and 20, ar che same level as che
LO of D. brouweri. As hown in Texc-tìg. 2, rhe FO
of G. inflata is a much older evenr chan che L of D.
brottweri. Tbe facc that chese rwo events coincid ac
Serre Alte suggests a possible stratigraphic gap.

Fosso VARICELLO SECTION 

The section ha been sampled along the Fos o 
Varicello (Texc-fìg. I). Ic consist of a clayey ucces­
sion abour 135 m chick, whi.ch lie natigraphically 
on che middle Pliocene conglomeratic and cal­
carenicic-sandy deposits, abouc 45 m chick. The sec­
cion i cruncaced and overthrusred by che Ape1111ines 
unir . In cl1e lower pare of che seccion, cwo weakly 
laminaced clayey leve! ha.ve beeo recognized. 

The calcareou nannofo sil a.nd foraminiferaJ 
assemblages recognized in 18 samples (Text-fig. 6; 
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Texc-fìg. 4 - Abundance patterns of selecced calcareous nannofossils in che Valle Difesa section. 

able 4), allowed rhe assignment of r.hi ection co che 
middle and upper Pliocen based on the idenr.ifìca­
tion of che nannofo sil Zones MNN16a, MNN166-
17 and MNN 18 and of the foraminiferal G. cras­
saformis Zone. Abundanr ilicoflageUaces and diatoms 
have been observed in samples 4 and 6 in a strati­
graphi position well comparable tO char recorded in 
the Serre Alce secrion. 

In r.he lower part of the section, tbe presence of D.

tamafis and D. asymmetrictt-s, together with D. pen­
taradiatw and D. brouweri, indicar.es the upper part 
of r.he D. tarnafis Zone. Based on change in abun­
dance, che LO of D. tamalis occurs between ampie 
4 and 5. The LO of D. pentaradiatus i placed ar am­
pie 12. Very rare occurrences f D. btottweri charac­
terii.e rhe D. pentaradiatw and D. b,·ouioeri Zones. 
Reworked specimens of R /mdournbificus and
Sphenolithus spp. are recorde in ali che samples, 
while reworlced specim ns of D. ta·malis, D. asymme­
tricus and D. pentaradiatus are recorded only in the 
MNN18 Zone. 

The foraminiferaJ a emblage confirm che middle 
co late Pliocene age as ignment. The presence of 
G!oborotalùt bononiensis and G. crassaformis, alth ugh 

rare and scattered in the section, indicates che G. cras­
saformis Zone. This zonaJ amibucion i upporced by 
r.he ab ence of C. punctimfata io the whole section. 
The FO of B. b,tsispinosa is well derecrable in sample 
7, jusc ab ve che LO o( D. tanurlis, and ali w ro re­
cognize rhe inrerval VTI of paak (l 983), a recorded 
in che erre Alte section. The FO of B. marginata,
recorded in sample 14, occLtrs above che LO of D.

pentaradiatus in agreement wich provieri & Ha ega­
wa (1990); this addirional beruhic foraminiferal cvenc 
wichin the MNN18 and G. crassaformis Zones allows 
to recognize che incerval VIII of Spaak (1983) as in 
che erre Alce eccion. 

GROTT!CELLE SECTION 

The seccion has been ampled in rotticelle local­
iry and consiscs of a clayey succession, about l 00 m 
thick, which strarigraphically overlies a middle-lare 
Pli.ocene calcarenitic-sandy unir abour 20 m chick.
The section is truncaced and overthrusced by che 
Apennine unir . The calcareou nannofo sii and 
foraminifi ral assemblages are documenred in Table 5. 
Quancirariv abun lance pattern of elecred calcare-
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SERRE ALTE Sample 
Calcanous Nannoronl11 J· 10 Il 11 11 .. u .. " " " ... 11 u u :u u ,. ., .. ,. ]l) " ,, 11 .. 

Tota! Abundance e e e F e e e e F • e e e e e e e F e e 

Preservati.on p p p p M M M p p p p M p p 

Roworlàng A A A e A e e e , A e e e A e • F e 

Calcidiscus loploporus e e e e e e e A e e e F e e e F e • e e e e e 

c. macintyn,i • e • e F • e e F e A e • F 

Coccolilhus pelagicus A e e e A A A e e e e e A e e A A e e e e e e e 

Dictyoooccìtos productus • F F e e e F e e • F e e e F e A e A e F e 

Discoaster asymmetricus l . .\l 1,17 0.22 007 Ul o.o., R o.u R 0,04 0.04 0,13 OOJ 0,01 oo, 

D. brouweri l.01 4.34 4 .75 0.11 0,7 ,.., R 1.61 R 1,0J OOJ o.411 0,47 0.41 .,. 022 01] 0.08 0.14 

D. intorcalaris 0,68 O Il R �02 R O.Ol 0.06 

D, ponblntdiatus 12' J f'l9 O ,90 0,11 007 007 007 0.99 o.u O.OJ 001 O.OJ 

D. ,urculus 0.1� o.n .. 0,0l 

D. tamelis 11 8 1.59 OD> 0.02 O.OJ 001 0.04 O,OJ 002 

D lriradiatus O.SO OAJ 0,02 0,01 

D. trislillifor 022 

D. wriabilis L.SO O ,72 0 47 0,18 0,1.5 R 02' " 004 0.04 0.06 0.09 0.17 007 

reworlced discoasten - 0,17 0 ,20 0.09 0.09 

Discoaster spp. 1.7.!12,9 075 O,◄l O.J9 0'1 02] I\ o.n 0,16 0,19 0,12 0,1 0,07 

N° oftolal discoastera/mm" 2.S .1 14 .5 "' 2,31 1.5 ' . lJl 146 , ... 1.1 o., o ... 0.'6 

small Gephyrocepsa R R R R .. R R R R R R ll ll , R A A A 

Helicosphaera carteri R R F R R • F e • • F R R F R R R R F e 

H,sellii R e e e R R e F F R • e R R R R • 

Pontosphaera spp. e F e F R e e • e R R R • F F R X R F • 

Pseudoemiliania lacunosa e A e e e A A e A A e e e e e e A A A A A e A e 

ReticuJofenestra minuta A e A A e A A A A A A A A A A A A A A A A A A 

R minutula F A A A e A A A e A e e A e e e e F • • e e e 

R pseudownbilicus R R R R .. R R R R R R F F R R R .. .. R 

R. srnall pseudoumbilicus F e F e e .. • F F R· .. 
Rhabdosphaere spp. F • R R R 

Scyphosphaore spp. R .. R 

Sphonolilhus •l'P· .. F F Il Il .. R • Il .. .. Il 

1 r1.an.1<1on1t a,·ora·m1nnera 

GlobliJorinn apertura • 

Q, bulbosa 

G. bulloides . . • • •

O. calebra 

O. decoraperta • 

G. falconeneie • 

G quadrùalera 
O, quinqueloba . 

G. wnbilicata . 

Oloboroui!ia aemiliana 

O. bononìcnsis 

O. crassafonnis cressaformis 

G, inllata 

G, obesa . 

O. oscitans 

G. puncticuleta • . 

O.scitula 

GlobljJerìnolda,i diminutus . X . 

G. conglobatus • • 

G. eloogatus • 

G, holicinus . • 

G, obliquua extremu., . 

G. obliquus obliquus 

G. quadrilobetus 

G. ruber . 

G trilobus irmna!urus 

G, trilobus sacculifer 

G trilobus trilobus 

Hasligerina sìphonifera • 

Noogloboquadrina pachyderme . . 

N. acostaeruis . 

OrlJUline bilobeta X 

Orbulina universo . . X 

Bulimina btwspinosa . • 

B. mllfgineta d " d • 

Nannofossil biozone MNN16a) MNNl6b-17 I MNNIB MNNJ9a 

F oraminiferal biozone Globorotalia CTil88afonnis Olobcrolalia inlla 

AGE MIDDLE PLIOCENE �I LA.TE PLIOCENE 

Tab. 3 - Distribution of calcareous nannofossils and foraminifera in che Serre Alte section. Numerica! abundances of discoasters, report-

ed as N°/mm', derives from countings of 50-100 taxonomically relared specimens, then referred to a scanned area of 20 mm'
within D. prod11ctll$ Zone (MNN 19a). Symbols as in Tab. 1. 
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ous nannofossils are shown in Text-fìg. 7. The seccion 
has been referr d co che upeer Pliocene for the iden­
tifìcation of che nann fos il Zone MNN 18 and of 
che G. crassafm·mis planktonic foraminiferal Zone. 

Discoaster tamalis, D. ttsymmetricus and D. pen­
taradiatus are recorded as rare and cattered speci­
mens uggesting that they are probably reworked. On 
che ocher hand D. brouweri is continuously present 
in che eccion allowing to recognize che MNN18 
Zone, in agreemenc wicb foraminiferal dara. In facr, 
rhe occurrence f G. crasseformis in che ab ence of G.

purzcticulata indicate che G. crassaformis Zone. 
Moreover, B. marginata, che F of which fall above 
tbe LO of D. pentaratiiatus ( provieri & Ha egawa, 
1990), is recordcd from che lowest ampie aJlowing 
che recognicion of che interval VITI of Spaak (l. 983). 

CONCLUSIONS 

The incegraced bio cracigraphy from chi study 
results in a precis age a ignmenc of the Pii cene 
terrigenou clayey edimenr cropping ouc in che area 
betweeen . Mauro Forte and tigliano (Basilicata 
region) as well as new chronostrarigraphic data on che 
edimencaiy evolution ar che omer border of che 

Southern Apcnnines. 
De pite che pr enc of signifì.ca.nr reworking and 

rhe raricy of some marker spec\es, quanciracive analy-
e of th calcareous nannofossd assemblages allow co 

recognize che MNN14---15 Zone in che lower Pliocene 
sequence, the up per pare of Zone MNN 16a and 
Zone.� MNN16b-17 MNN18 and MNN19a in che 
middle and upper Pliocene interval (see Rio et al., 
1994). Correlacion of nannofossil data wich foramini­
feral evenrs grearly improve eh bio rracigraphic res­
olutìon in some incerval, although ome marker 
species among plankronic foraminifera are rare (G.
bonrmiensis) or absenr (Sphaeroidineliopsis pp., N. 
atlantica sinistrai). In pa.rci.cular, the G. puncticufata 
Zone (= Spaak's incerval 1V) in the lower Pliocene, 
a.nd che middl -upper pare of che G. cmssnformis
Z ne (= Spaak' incervals Vll and VIII) and tbe G.

in.fiata Zone(= ,paak' int rval IX) in che middle and 
upper Pliocene C: faak, 1983) could be re ognized. 
pecifrcally Spaaks inrerval VII and V111 were iden­

ciiìed on the basis of che FOs of benthic forarninifera 
B. basispinostt (=lower parr of incerval V1I) and B.

marginata (=jusc above che base of inrerval VIH),
.respeccively. In additi.on, rhe FO f B. ba.sispinosa was
found ro full jusc abo e che L of D. tamalis, whil.e
che PO of B. marginata falls slighrly above the excinc­
tion of D. pentamdiatus. At che cransirion berween
Zones MNN16a and MNN16b-17, cwo levels witl,
abunda.n Pliocene diatoms and ilicoflagellaces have
been found in rwo of the srudied secc-ions. They had
never been previously recorded in the scudied
deposic and furcher invescigation are needed in
order co larify cheir potential stracigraphical and
paleoecological meaning.

Th.e bio n-acigraphic resulcs indicate chat in the 
inve tigaced depo ic , previously referred to che cran­
gres ive pan of che Bradanic Cycle and of late 
Pliocene to early Pleistocene age, cwo differem straci­
graphic sequences can be recognized: a) a co11glomer­
acic- andy and siJcy-clayey succes ion of early 
Pliocene age, areally very limited, lying uncon­
forrnably on che Miocene Foredeep Units; and b) a 
middl.e Plioc ne conglomeratic and calcarenitic­
sandy body transgre sive on pre-Pliocene unirs, pass­
ing upward co chi k, dayey sedimentary succes ion, 
lare middle co lare Pliocen in age. 

A stratigraphic gap panning che upper lower 
Pliocene to che lower middle Pliocene separates che 
invesrigaced deposits. The so·atigraphic and chronos­
cracigraphic data presenced above are in good agree­
men c .with tho e of Caldara et al. (1993) and Sabato 
& Marino (1994) from adjacent localities at che oucer 
border of che Southern Apennines, where two sedi­
n'lenrary cycles have been identifì.ed. 

Finally, according co che obtained results, a defor­
mative event can been precisely daced to che late 
Pljocene (Zone MNNl8 - upp r part of the G. cras­
saformis Zone) in che scudied area; chi event is docu­
menced by che verd1ru e of che Apennines units that 
truncates the clayey successi.on in che middle upper 
Pliocene. layey deposicion concinued up to the 
uppern10 r Plioc ne in rhe oucer part of che studi.ed 
area or up ro che lower Pleistocene in che outer por­
cion of rhe Bradanic Foredeep. 
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