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ABSTRACT — Pliocene terrigenous sediments cropping ont at the transition between the Sonshern Apenninies thrust belt and she Bradanic
Foredeep (Southern Italy) were inm'stifﬂrrd by means of an integrated biostratigraphic study on calcarcous nannofossil and plunktonic

Soraminiferal assemblages. The examine
early Pleistocene in age.

deposits have been previotsly referved to the transgressive pare of the Bradanic Cydle, late Pliocene to

Despite the presence of a considerable amount of pre-Pliocene and Pliocene rewarked ?ecimem and the rarity or the abscnce of some mark-
2

er species, the quantitative approach to culcaveons nannafossil biostratigraphy as well as ¢

e integration with foraminiferal data allow to recog-

nize several biozonal events within the early Pliocene and the late middle to late Pliocene record. The first occurrences of Bulimina basispinosa
and Bulimina marginata among the benthic foraminifera were also detected: these events permit to recognize the intervals VIL and VIl of Spaak
(1983), respectively. Tiwo horizons chavacterized by abundent diatoms and :ilia{;ﬂfrgeﬂmes. well corvelarable in two sections, have been observed.

The brostratigraphic results allow 10 assers that in the studied area the ¢

1:7 lomeratic-sandy and silty-clayey deposits are referable to the nan-

nofossil Zone MINN14-15 aud to the Globorotalia puncticulata plankeonic foraminiferal Zone of early Pliocene age; the e,:}omzderl clayey suc-

cession, that overlies the middle Pliocene conglomeratic and calcarenitic-sandy deposiss, is middle to late Pliocene in age «in

spans the interval

Srom the upper pare ]of the nannofossit Zone MNN16Ga to Zone MNN19a — the Globorotalia crassaformis (partim) and Globoroulia inflata
or

planksonic foraming

al Zones. It is worth mentioning that the interval spanmning the upper lower Pliocene to the lower middle Pliocene is nat

represented in the studied avea. The biostratigraphic results, compared to previous strasigraphic data, suggest that the studied deposiss are corre-
latable with wwo different sedimentary eycles, recognized in other areas at the outer border of the Southern Apennines.

RIASSUNTO - [Biostratigrafia integrata basata sui nannofossili calcarei ¢ foraminiferi dei depositi terrigeni pliocenici dell' Appennino
meridionale (Lucania)] — Vengono esposti 1 risultati di 1no studio biostrasigrafico incegrato a nannofossili calcarer ¢ foraminiferi planctonici con-
dotto su depositi terrigeni pliocenici affioranti in prossivnitis del wargine esterno dell’Appennino lucano (Italia meridionale), nell avea compresu

tra S. Mawro Forte e Stigliano (Basilicata). Tali depositi, secondo la cartografia ufficiale, rappresentano la fase trasgressiva suprapliocenico-

infrapleistocenica del Ciclo bradanico sulle uniti pre-plioceniche.

onostante la consistente presenza di fenomeni di rimaneggiamento pre-pliocenico e pliocenico ¢ la rariti 0 assenza di alcune specie mavker,

lo studio quantitativo sulle associazioni a nannofossili calcarei e il confronto con le associazioni a foraminiferi ha permesso di riferire i sedimen-
1 analizeati a precisi intervalli biozonali, compresi tra il Pliocene inferiore ed il Pliocene superwre. Ai fini df una migliore risoluzione strati-
afica sono state inoltve considerate le distribuzioni di aleune specie di foraminiferi bentonici: in particolare la prima com parsa di Bulimina
ﬁ:lsis;\inosa e di Bulimina marginata, Vieue inoltre segnalata la presenza di due orizzonti contenenti abbondantt diatomec e silicoflagellate ben

correlabile in due delle sezioni analizeate.

! visslrati &iomm;}gﬁyid indicano che nelliarea in esame i depositi mbl)ioxmag‘aglomemrici ¢ argilloso-siltosi infrapliocensei sono attribnibili

alla Zona MNN 14-15 (nannefossili) e alla Zona a Globorotalia puncticulata (fo

vaminiferi planctonici), mentre le estese successioni argillose

mm;-mfmp/iacmir/)e. poggianti strtigiaficamente su depositi conglomeratici ¢ calcarenitico-sabbiosi del Pliocene medio, sono riferibili ad wn
inservatlo compreso tra la parte afia della Zona MNN1Gs e la Zona MNN19u4 — Zona a Globorotalia crassaformis ¢ Zona a Globorotalia
inllata. Nell'avea indagata risulta assente Uintervallo compreso tra la parte alta del Pliocene inferiore e la parte inferiore del Pliocene medio. |
sisuldtati ottenuts, ¢ il confionto con studi precedenti in aree prossime a quella in oggesto, swggeriscono che i depositi pliocenici esaminati sono cor-
relabili a due cicli sedimentari distinti, riconoscinti in altre localith ubicate in prossimiti del maygine esserno dell Appennino meridionale.

INTRODUCTION

Pliocene and Pleistocene terrigenous clayey
deposits crop out widely along the outer border of the
Southern Apennines. They proved to be suitable for a
biostratigraphic study of the calcareous plankton
assemblages, allowing good correlations at a regional
scale. The Pliocene and Pleistocene integrated cal-
careous plankton biostratigraphy is well established at
present and provides a high biostratigraphic resolu-

tion of the geological record of the Mediterranean
area. Few papers (illarino, 1992, 1994; Amore et al.,
1996) have already discussed the possibility of apply-
ing the recent Mediterrancan Pliocene and Pleisto-
cene biozonal schemes to the Southern Apennines ter-
rigenous deposits. Since strong reworking and dilu-
tion of calcareous plankton due to the great amount
of inorganic detritus may bias biostratigraphic dara,
in chis study an inregrated binsrra(igrap%lic approach
on calcareous nannolossils and planktonic foramini-
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fera, implemented by a quantitative analysis on cal-
careous nannofossils, highly improved the biostrati-

raphic resolution of the Pliocene record from the
gouthem Apennines Foredeep. Stratigraphic studies
on these deposits are still in progress in order to clar-
ify the evolution of the Pliocene-Pleistocene Bradanic
Foredeep.

This paper deals with the biostratigraphic results
based on calcareous nannofossil and planktonic
foraminiferal assemblages from five Pliocene terrige-
nous sections. These sections were surveyed at the outer
border of the Southern Apennines between S. Mauro
Forte and Stigliano in the Basilicata region (Text-fig.
1). New data on Pliocene biostratigraphy from
Mediterranean terrigenous sediments are discussed.

GEOLOGICAL FRAMEWORK

The investigated area is located at the transition
between the eastern side of the Southern Apennines
and the Bradanic Foredeep (Text-fig. 1) where Plio-
Pleistocene terrigenous clayey deposits are widely
exposed. The Apennines units are here represented by
Cretaceous to Miocene flysch deposits refcjrable to the
Flysch Rosso Formation (Sc;m(fone, 1967) and the
Flysch Numidice Formation (Ogniben, 1963). The
Bradanic Trough represents a Plio-Pleistocene
domain located between the Southern Apennines
thrust belt and the Apulian foreland units. In various
localities at the outer border of the Southern
Apennines, the Pliocene and lower Pleistocene

!
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Text-fig. 1 - Geological sketch
map of the studied
area and location
ol the investigated
sections. frer:
Geological map of
ltaly 1:100.000,
Foglio 200 “Trica-
rico” (Bocnzi et al.
1971), Maiorano
(1991) and Gallic-
chio & Maiorano

N Cretaceous-Miocene Apennines units
7/‘ Miocene foredeep units

Thrust $/ dip and strike of bedding

study seclions

(1999). 1) Torren-
te Miscgna-Fosso
Varicello scction;
2) Valle Difesa sec-
tion; 3) Serre Alte
section; 4) Fosso
Varicello section;
5) Grotticelle sec-
tion.,
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deposits have been referred to two different sedimen-
tary cycles, early-middle Pliocene and middle/late
Pliocene-early Pleistocene in age, respectively
(Centamore et al., 1971; Maggiore & Walsh, 1975;
Boenzi et al, 1979; Maggiore et al, 1981; Sabato,
1984; Caldara ez 2/, 1993; Sabaco & Marino, 1994;
Amore et al., 1996; 1997), on the basis of the pres-
ence of an angular unconformity and/or a strati-
graphic gap between the lower and upper cycle.

According to Boenzi et @l (1971, F° 200 of the
“Geological map of Italy”, 1:100.000), the studied
deposits in the investigated area are ascribed to the
transgressive part of the Bradanic Cycle, dated to the
late Pliocene-early Pleistocene. From a lithostrati-
gra(rhic point of view, they consist of conglomerates
and calcarenitic sands, referred to the “Sabbioni di
Garaguso” Formation, in the lower part, stratigraphi-
cally overlain by silty-clayey deposits referted to the
“Argille di Gravina” Formation (Boenzi er a/., 1971).
As a whole, these sediments are considered as an
ingressive hemicycle of Plio-Pleistocene age. In sever-
al localities adjacent to the examined area, other
researchers recognized two different sedimentary
cycles within the Plio-Pleistocene deposits on the
basis of stratigraphical evidences (Maggiore & Walsh,
1975; Sabato, 1984; Caldara ¢t al, 1993; Sabato &
Marino, 1994). In particular, the lowest cycle was
referred to the lower Pliocene nannofossil Zone
MNN14-15 (Sabato & Marino, 1994), somewhere
extending higher to the lower part of Zone MNN16a
(Caldara er al., 1993); the uppermost one, which lies
unconformably on lower Pliocene deposits or on pre-
Pliocene flysch deposits, is assigned to the upper part
of Zone MNN16a to Zone MNN16b-17 (Sabato &
Marino, 1994) or spans the interval from the middle
Pliocene Zone MNNI16a to the lower Pleistocene
Calcidiscus macintyrei Zone (Caldara er al., 1993).

In this study, five sections have been sampled in
the Pliocene clayey deposits (Text-fig. 1). In particu-
lar, the sediments in the Torrente Misegna-Fosso
Varicello and Valle della Difesa sections lie uncon-
formably on the Miocene foredeep units and consist
mainly of silty-clays with a conglomeratic-sandy
interval in the basal part. They have a monocdline set-
tin% dipping towarcﬁ; the norch, are areally limited
and their thickness does not exceed 20 m. The Serre
Alte, Fosso Varicello and Grotticelle sections are
mainly composed of clayey sediments, 100-360 m
thick, that are widely outcropping. The succession
lies stratigraphically on a middle Pliocene conglomer-
atic and calcarenitic-sandy body, about 50-60 m
thick, transgressive on pre-Pliocene units. In the
western sector, the clayey deposits have a NW dip-
ping and are truncated and overthrusted by tEe
Cretaceous-Miocene Apennines Units; in the eastern
sector, they display mainly a monocline setting with a
NE dipping towards the outer part of the Bradanic
Trough.

MATERIAL AND METHODS

Clays and silty clays are the main lithologies in the
studied sections. They bear abundant calcareous nan-
nofossils and foraminifera; moreover, an abundant
biogenic siliceous content (diatoms, silicoflagellates
andgspon ¢ spicules) has been recorded in two silty
levels in t%‘u: rower part of the Serre Alte and Fosso
Varicello sections. These two levels, white-grey in
colour, are few centimetres thick and show a weak
parallel lamination.

The calcareous nannofossil study has been per-
formed on smear slides observed with an optical
microscope at 1000X magnification. The quantitative
methods of Backman & Shackleton (1983) and Rio
et al. (1990) have been followed: a) the abundance
patterns of discoasters were constructed starting from
counting 50 to 100 taxonomically related forms, then
the abundance of various discoaster taxa was plotted
as a number of specimens per mm?®. Although dis-
coasters are often rare in the studied sections, this
method was of great utility in the middle and upper
Pliocene interva% allowing to identify reliably the last
occurrences (LO) of Discoaster tamalis, D. pentaradia-
tus and D. brouweri and to critically evaluate the
amount of reworking. Within the Dictyococcites pro-
ductrs Zone (MNN 19a), numerical occurrences of
all reworked discoasters have been detected by scan-
ning an area of 20 mm® In addition, in the lower
Pliocene, the abundance patterns of Reticulofenestra
pseudoumbilicus and  Sphenolithus spp. have been
identified by counting 500 specimens > 4 yum in size
from the total assem%)lage and then plotted as per-
centages. Estimated adundances of the species not
considered in the countings are reported in the range
charts (Tables 1-5); they result from qualitative analy-
ses of about 3000 specimens.

Planktonic foraminiferal assemblages have been
studied qualitatively on washed resic%ues from the
fractien >125 pm &'ample total weight 350 g). Few
marker species among benthic foraminifera have also
been identified in order to improve the biostrati-
graphic resolution.

BIOSTRATIGRAPHY

Several Pliocene and Pleistocene calcareous plank-
ton biostratigraphic schemes have been proposed so
far for regional correlations within the Mediterranean
area (Schmidt, 1973; Muiller, 1978; Ellis, 1979; Raffi
& Rio, 1979 for calcareous nannofossils; Cita, 1973,
1975; Colalongo & Sartoni, 1979; laccarino &
Salvatorini, 1982; Spaak, 1983; Iaccarino, 1985;
Sprovieri, 1992 for planktonic foraminifera).

The calcareous nannofossil biozonal scheme of
Rio er al. (1990) has been followed in the present
work (Text-fig. 2), as it has been largely adopted by
various authors within the Mediterranean region
both in pelagic and terrigenous land sections as well
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as in deep-sea records. The scheme provides a quanti-
tative definitions of zonal boundaries and is of great
ucility for a critical evaluation of the distribution of
species, reliability of calcareous nannofossil events
and reworking.

In Text-fig. 2 the chronostratigraphic range of the
studied sections is also shown. According to the above
mentioned zonal scheme, the following Eiozoncs have
been identified, (a) the Reticulofenestra pseudoumbili-

cus Zone (MNN14-15) in the lower Pliocene; (b) the
upper part of Zone MNN16a and Zones MNN16b-
17, MNN18 and MNN19a in the middle and upper
Pliocene.

Concerning the plankronic foraminifera, the bios-
wratigraphic scheme of Spaak (1983) has been adopt-
ed in this study (Text-fig. 2). The biozonal scheme of
Cita (1975), emended by Rio et al (1984) and
Sprovieri (1992}, could not be applied since the iden-
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Text-fig. 2 - Mediterranean Pliocene calcareous nannofossil and foraminiferal biostratigraphic schemes adopted in this study and com-
parison with calcareous nannofossil standard zonation. The chronostratigraphic range of the studied sections is also shown.
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tification of the last occurrence (1.O) of Sphaeroidi-
nellopsis spp., which defines the base of Zone MP1.5a,
was prevented by the absence of these taxa in the
studied secrions. Moreover, the rare and scattered
occurrence of Globorotalia bononiensis in the studied
interval prevented a reliable identification of the LO
of chis taxon, which defines the base of Zone MPL5b
(Text-fig. 2). On the other hand, the co-occurrence of
Globororalia crassaformis and G. bononiensis, even
rare, in the absence of Globorotalia punciiculata
allows ro recognize the G. crassaformis Zone of Spaak
(1983); the base of the Globorotalia inflata Zone is
recognized on the first occurrence (FO) of G. inflata
{Spaak, 1983) in the upper Pliocene.

Correlation between the calcareous nannofossil
scheme of Rio et al. (1990) and the foraminiferal bio-
zones of Spaak (1983) results in a well established cal-
careous plankton biostratigraphic scheme for the
Pliocene record within the Mec!irerrancan area (Rio et
al., 1990, 1994; Sprovieri, 1993) (Text-fig. 2).
Chronostratigraphic  boundary have been traced
according to Rio et al. (1998) and Castradori et al
(1998). Chronology of the Pliocene events, according
to the time scale o§ Hilgen (1991) and Cande & Kent
(1992; 1995), is also available in Sprovieri (1993) and
Ber%_gren et al. (1995), respectively.

wo benthic foraminiferal events, the FOs of
Bulinina bmispinom and Bulimina niarginata, have
also been plotred against the calcareous plankton
scheme (Text-fig. 2). These two events, previously
proposed by éo]alongn & Sartoni (1979) and
Colalongo et al. (1982), have been daced by Sprovieri
(1985) and Sprovieri & Hasegawa (1990) and re-cal-
ibrated to the GPTS of Cande & Kent (1995) by
Maiorano et 4l (in prep.), allowing a more precise
correlation of the FOs of B. basispinosa and B. mar-
ginata with the integrated calcareous plankton bio-
zonal events (Text-fig. 2). The FOs of B. basispinosa
and B. marginata resulted to be important additional
biostratigraphic events. In particular, the FO of
Bulimina basispinosa slightly postdates the base of
interval Vil of‘”S aak (1983), defined on the FO of
left coiled Neoglobogiadrina atlantica (a taxon not
recorded in the stunﬂed sections) and, in agreement
with Sprovieri (1985), occurs just above the LO of
Discoaster tamalis; the FO of B. marginata was iden-
tified between the LO of D. pentaradiatus and the FO
of G. inflata and slightly postdates the base of inter-
val VIII of Spaak (1983), defined by the LO of G.
bononiensis. (gonsequently, the FOs of B. basispinosa
and B. marginata can be used for identifying the

intervals VII and VIII of Spaak (1983).
LOWER PLIOCENE DEPOSITS
TORRENTE MISEGNA — FOSSO VARICELLO SECTION

This section crops out at the confluence of the
Torrente Misegna with Fosso Varicello (Text-fig. 1). It

is about 20 m thick and consists of a conglomeratic-
sandy interval about 2 m thick (Text-fig. 3), trangres-
sive on the pre-Pliocene units, passing upwards to a
silty-clayey succession.

Calcareous nannofossils and foraminifera recov-
ered in 8 samples (Table 1) from the pelitic interval
are gencrally rare and poorly diversified. Nevertheless,
the section could be referred to the lower Pliocene
based on the identification of the MNN14-15 Zone
and G. puncticulata Zone (= interval 1V of Spaak,
1983). Few to rare specimens of Pseudaemi)iani(z
lacunosa, the FO of which is considered a secondary
event in the zonal scheme within the MNN14-15
Zone (Rio et al, 1990), have been recorded in this
section. [Helicosphaera sellii is also present in the
assemblages. Abundance patterns of R. pseudoumbili-
cus and Sphenolithus spp. %ave been monicored in the
section. The relative aﬁundance of R. pseudsumbilicus
(Text-fig. 3; Table 1) seems to indicate an interval
below the LO of this species, which, according to Rio
et al. (1999), is defined by a drop in abundance below
2%; in this section, with the exception of sample 8,
R. pseudoumbilicus displaies percentages higher than
2%. Moreover, Rio ¢t al. (1990) equated the LO of
Sphenolithus spp. to a drop in abundance of these taxa
below 1%; in this section the abundance of
Sphenolithus spp. ranges from 1.8% to 3.8% suggest-
ing that the entire section predates the LO of these
taxa. Discoasters are extremely rare in the section and
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Text-fig. 3 - Abundance patterns of R. pseudosmbilicns and Sphe-
nofithus spp. in the T. Misegna-Fosso Varicello sec-
tion.
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MISEGNA - VARICELLO Sample
Calcareous Nannofossils 1 3 4 5 6 8 9 1
Total Abundance F © F (e] F F (&
Preservation M M P M P P M
| Amaurolithus delicatus R
Calcidiscus leptoporus F € F C R R C R
C. macintyrei R F R
|Coccolithus pelagicus (o] A F (& (o] C (¢
Dictyococciles productus F c R F
Discoaster brouweri R R
D. intercalaris R R R
D. pentaradiatus R R R - ; R
D surculus .
. triradiatus R R
D. variabilis R R R R . R
Discoaster spp. 3 R R
Helicosphacra carteri R R R R R
H. sellii F F F R F R F
Ponlosphoem spp. F R R R R
Pseudoemiliania lacunosa R R R R R
Reticulofencsiza minuta A A (& F (c]
R. minutula € c © (] c F (o]
R. pseudoumbilicus F F 42 F 22 16 F 22
R. small pseudoumbilicus F C F F F F
Sphenolithus spp F C 28 F 38 24 F 18
Planktonic Foraminifera B8 B B
Globigerina bulloides " » s 4 x
Globorotalia puncticulata x 3 x X
Globigerinoides trilobus sacculifer A p x x
G. trilobus trilobus x
Orbulina-universa . y x x * X
Nannofossil biozone MNN14-15
Focaminiferal blozone Globorotalia puncticulata
AGE EARLY PLIOCENE

Tab. 1 - Distribution  of calcareous nannofossils  and
foraminifera in the T. Misegna-Fosso Varicello section.
Total abundance: C = 10-20 specimens/field of view; F
= 2-10 specimens/ficld of view; B = Barren. Relative
abundance: A = 2-10 specimens/field of view; C = 0.5-
1 specimens/field of view; F = 0.02-0.5 specimens/ficld
of viewi R = 0.005-0.02 specimens/ficld of view; X =
present. Preservation: P = poor; M = moderate.
Percentage abundances of Sphenolithus spp. and R.
pseidounbilicns are based on countings of 500 nanno-
fossil specimens.

no quantitative analysis has been performed on this

roup; only rare and scattered specimens of D.
irouweri, D. intercalaris, D. pentaradiatus, D. surcu-
lus and D. variabilis have been recorded.

Planktonic foraminiferal assemblages are very
poor and only few species have been recorded; the
presence of G. puncticulata in the absence of
Globoretalia margaritae allows the identification of
the G. puncticulata Zone, confirming the assignment
to the lower Pliocene.

VALLE DIFESA SECTION

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

The calcareous nannofossil and foraminiferal
assemblages recorded in 5 samples (Table 2) allow
the identification of the MNN14-15 Zone and G.
puncticulata Zone.

Reticulofenestra dp.reudoum/)i/ims and Sphenolithus
spp. display abundance values generally higher than
2% and 1%, respectively (Text-fig. 4), suggesting an
interval that precedes the LOs of these taxa. Very rare
and :scatteredp occurrences of Psendoemiliania lacunosa
are recorded in the assemblages as well as very rare D.
asymmetricus, D. pentaradiatus and D. intercalaris.

A very poor, low diversity foraminiferal assem-
blages are recorded in this section; nevertheless, the
occurrence of G. puncticulata allows to recognize the
G. puncticulata Zone in good agreement with cal-
careous nannofossil data.

MIDDLE AND UPPER PLIOCENE DEPOSITS

SERRE ALTE SECTION

This composite section has been sampled from
the Torrente Misegna to Piano Stagliol}o locality
(Text-fig. 1). It is about 380 m thick, lics straui-
graphically on a middle Pliocene calcarenitic-sandy
succession, about 40 m thick, and is composed most-
ly of clays and silty clays (Text-fig. 5). Two weakly
laminated clayey levels, few centimetres thick, occur
in the lower part of the section.

EXPLANATION OF PLATE 1

XP = crossed polarized light, PL = parallel light. Micrographs = 2500X, except where otherwise indicated.

Fig. 1 - Helicosphaera sellii Bukry & Bramlerte. XP, Fosso Varicello section, sample 15.
Fig.2 - Discoaster asynmetriens Gartner. PL, Serre Alte section, sample 1.
Fig. 3 - Psendoemiliania lacunosa (Kampuner) Gartner. XP, Fosso Varicello section, sample 12.

Figs. 4-5 - Discoaster pentaradiarus (Tan) Bramlette & Ricdel. 4) PL, 5) XP, Fosso Varicello section, sample 6.
Figs. 6,9 - Calcidiscus macintyres (Bukry & Bramlette) Locblich & Tappan. 6) PL, 9) XD, Fosso Varicello section, sample 12.

Fig. 7 - Reticnlofenestra psendoumbilicus (Gartner) Garmner. XP, Misegna-Varicello section, sample 11.
Fig. 8 - Discoaster tamalis Kampiner. PL, Scrre Alte section, sample 1. 3250X.
Fig. 10 - Discoaster bronweri (Tan) Bramlette & Riedel. PL, Fosso Varicello section, sample 12.

Fig. 11 - Small Gepbyrocy)m Gartner. XP, Serre Alte section, sample 34. 3250X.

Fig. 12 - Discoaster trira

tarus Tan. PL, Grotticelle section, sample 13. 3250X.
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VALLE DIFESA Sample
Calcareous Nannofossils 1 2 3 4 5
Total Abundance F F F F
Preservation P P P P P
Calcidiscus leptoporus F c F C F
C. macintyrei R R R R
Coccolithus pelagicus [¢ A A A A
Dictyococcites productus F F (] F [¢]
Discoaster asymmetricus 0.08 0.08
D. intercalaris 0.08
D. pentaradiatus 128 025 a 0.08
D. variabilis 0.17
Discoaster spp. 034
Helicosphaera carteri F (5} F F F
H. sellii F F F (o} F
Pontosphaera spp. : F R F
Pseudoemiliania lacunosa VR VR
Reticulofenestra minuta (5 (¢} C
R. minutula (o] (¢} [o]
R pseudoumbilicus 3 1.7 12 2 2
R. small pseudoumbilicus F F F F (&)
Sphenolithus spp. 4.6 5 42 34 54
Planktonic Foraminifera
Globigerina apertura X ' . X
Globorotalia puncticulata x 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 A X
G. trilobus trilobus x X X : x
Orbulina bilobata X X . X
O. universa X X X X X
Nannofossil biozone MNN14-15

Focaminiferal biozone Globorotalia puncticulata

AGE EARLY PLIOCENE

Tab. 2 - Distribution of calcareous nannofossils and foramini-
fera in the Valle Difesa section. Abundances of dis-
coasters, reported as N°/mm?, refer to a scanned area of
20 mm?. Symbols as in Tab. 1.

Both calcareous nannofossil and foraminiferal
assemblages recognized in the collected samples
(Table 3) are often abundant and well diversified.
Abundance patterns of selected calcareous nannofos-
sils, as well as the recognized foraminiferal events, are
shown in Text-fig. 5. The section has been referred to
the middle and upper Pliocene based on the identifi-
cation of the calcareous nannofossil Zones MNN 16a,
MNN16b-17, MNN18 and MNN19a and the
foraminiferal Zones G. crassaformis and G. inflara.
Abundant diatoms and silicoflagellates, Pliocene in

age (Gersonde, pers. comm.), have been observed in
smear slides of samples 3 and 4; sponge spicules also
occur in the washecs)residues (fraction > 125 pm).

Discoasters are generally rare in the cafcareous
nannofossil assemblages; nevertheless, the quantita-
tive analysis allowed to reliably identify the LOs of D.
tamalis, D. pentaradiatus and D. browweri. Reworked
specimens of R. pseudoumbilicus and Sphenolithus spp.
and of pre-Pliocene taxa have been recorded througﬁ-
out the section.

The LOs of D. tamalis and D. asymmetricus are
well detectable between samples 2 and 3. Rare occur-
rences of D. browweri and D. pentaradiatus character-
ize the MNNI1Gb-17 Zone; rare specimens of D.
tamalis and D. asymmetricus are recorded within this
zone and are interpreted as reworked.

In the upper parc of the section, the numerical
abundance of toral reworked discoasters has been
compared to that of D. brouweri in order to detect the
LO of the latter species; D. brouweri drops in abun-
dance between samples 19 and 20. From sample 20
upward the total abundance of reworked discoasters
becomes similar ro that of D. browweri indicating (1)
thac the latter species is also reworked, according to
Backman & Shackleton (1983), and (2) a strati-
graphic interval above the LO of this species. The
occurrence of abundant specimens of small Gephyro-
capsa characterizes the MNN19a Zone.

With regard to the foraminiferal assemblages, the
presence of Globorotalia crassaformis and rare
Globorotalia bononiensss in the absence of G. puncti-
culata allow to recognize the G. crassaformis Zone
from samples 1 to 19. In the lower part of this zone,
the FO ofp Bulimina basispinosa has been observed just
above the LO of D. tamalis, in agreement with
Sprovieri (1985). Between samples 13 and 14, in the
upper past of the G. crassaformis Zone, the FO of
Bulimina marginata has been recorded; in the Serre
Alte section this event coincides with the LO of D.
pentaradiatus, probably because of widely spaced
samples in this interval. The FO of G. inflaca falls
betwecn samples 19 and 20, at the same level as the
LO of D. browuweri. As shown in Text-fig. 2, the FO
of G. inflata is a much older event than the LO of D.
brouweri. The fact that these two events coincide at
Serre Alte suggests a possible stratigraphic gap.

F0S$S0 VARICELLO SECTION

The section has been sampled along the Fosso
Varicello (Text-fig. 1). It consists of a clayey succes-
sion about 135 m thick, which lies stratigraphically
on the middle Pliocene conglomeratic and cal-
carenitic-sandy deposits, about 45 m thick. The sec-
tion is truncated and overthrusted by the Apennines
units. In the lower part of the section, two weakly
laminated clayey levels have been recognized.

The calcareous nannofossil and foraminiferal
assemblages recognized in 18 samples (Text-fig. 6;
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Text-fig. 4 - Abundance patterns of selected calcareous nannofossils in the Valle Difesa section.

Table 4), allowed the assignment of this section to the
middle and upper Pliocene based on the identifica-
tion of the nannofossil Zones MNN16a, MNN 16b-
17 and MNNI8 and of the foraminiferal G. cras-
saformis Zone. Abundant silicoflagellates and diatoms
have been observed in samples /% and 6 in a strati-
graphic position well comparable to that recorded in
the Serre Alte section.

In the lower part of the section, the presence of D.
tamalis and D. asymmetricus, together with D. pen-
taradiatus and D. browweri, indicates the upper part
of the D. tamalis Zone. Based on change in abun-
dance, the LO of D. tamalis occurs between samples
4and 5. The LO of D. pentaradiatus is placed at sam-
ple 12. Very rare occurrences of D. brouweri charac-
terize the D. pentaradiatus and D. browweri Zones.
Reworked specimens of R ‘()Jemloumbilicm and
Sphenolithus spp. are recorded in all the samples,
while reworked specimens of D. tamalis, D. asymme-
tricus and D. pentaradiatus are recorded only in the
MNN18 Zone.

The foraminiferal assemblages confirm the middle
to late Pliocene age assignment. The presence of
Globorotalia bononiensis and G. crassaformis, although

rare and scattered in the section, indicates the G. cras-
saformis Zone. This zonal attribution is supported by
the absence of G. puncticulata in the whole section.
The FO of B. basispinosa is well detectable in sample
7, just above the LO of D. tamalis, and allows to re-
cognize the interval VII of Spaak (1983), as recorded
in the Serre Alte section. The FO of B. marginata,
recorded in sample 14, occurs above the LO of D.
pentaradiatus in agreement with Sprovieri & Hasega-
wa (1990); this additional benthic foraminiferal event
within the MNN18 and G. crassaformis Zones allows
to recognize the interval VIII of Spaak (1983) as in
the Serre Alte section.

GROTTICELLE SECTION

The section has been sampled in Grotricelle local-
ity and consists of a clayey succession, about 100 m
thick, which stratigraphically overlies a middle-late
Pliocene calcarenitic-sandy unit, about 20 m chick.
The section is truncated and overthrusted by the
Apennines units. The calcareous nannofossi( and
foraminiferal assemblages are documented in Table 5.
Quantitative abunclance patterns of selected calcare-



Serre Alte

Legend
EEIOZONE —
(=2 B — =3
E“ § 5 - [Z="jelays
ElS|S| 2 (Sl siycteys
gl = 2 £ ~ = clays with siliceous
o - i [Ty . "
sl o | g ~ - ~ I biogenic content
2 2| ® £ 400 — ; e —
O = ><coveredmterva] |
- = * N |
Ah ol *
N e L [ ¢ —e—— D.brouweri
2 s 350 — - 4 -0 reworked discoasters
- - *
z dlop= » y
© s
@] 4=
sl | Len] froma o
e | — 4y 300 — 3 —» 4 3 9 —» -
£ [ E : |
£ - - ;
=2 - = =] *n Y [ . Q . r 'Y 3
E - = *16 L ] » L] b ]
- :u 250 — “» LO 'l —M T -» ) )
- = B. marginata _.\\A/_ | ||I I
= = 00408
== ' * 1) _lb [ ] \¥ [ 3 ; } (E
= = » @ i E
_ 200 — —- 3 — 3 — = 3 — g — 2 4 4 - 7
1 i . | & £l s |8 ] oz =8 | ¢ g
g _ _ 1 3 3 2 3 5 B 2 £ 5 8
3 £ £ = 2 \ o = ) =] = o]
2 S 8 -2 = g @ 3
2 S - — s =l / = 2 | 5 - R= . 8 _-g
s | >~ o _ N . @ ® 3] R
§ g *12 150 —* fa) - o —( a [a) 1 [ ] o l] (] E ‘s
=] S e = = . ]
I e a A . \ Z
@l 8|3 |- < 1 | .
g é —_— * 10 L ] 4 b T L > ° > 4
= -~ — — — — ] .| —1i = —f
g \>-“'“‘--_ : 100 ! ‘ \
R *8 'T 3 Il L .. ? ® ' (
- / |
f
- =l 50 — 3 1 o 1/ 1 ] - 1 1
- *6 > “ L] T L] [ ] 4
— |
ﬁ B. basispinosa «I i — o ¢\ l L ll'n.l L
— —=~—3 S_A a b L] o E b
= X
— = %; % | ° T~ | s %o o>. "\-\_ *o -
*i m0—‘$r0—|—- : L Lo 5 S . T % T
ik 5 i B i ik (e i L L T R L ’ 7] 71 !
g 10 20 0 2 4 4] 1 2 0 1 2 G 3 6 0 1 2 0 1 2 0 1 2 0 5 10 0 20 40
N°/mm? N°/mnt N°/mnt N°/mnt N°/mmn? N°/mf N°/mnt N°/mnf N%mm? N°/mn?

Text-fig. 5 - Abundance patterns of selected calcareous nannofossils and biostratigraphic events in the Serre Alte section. LCO = Last Common Occurrence; LO = Last Occurrence.
Note the first occurrence of the foraminifera Bulimina basispinosa, B. marginata and Globorotalia inflata.

871

ONVIOIVIN d



PLIOCENE CALCAREOUS NANNOFOSSIL AND FORAMINIFERAL BIOSTRATIGRAPHY 149

SERRE ALTE Sample
alcareous Nannofossiis ¥ & 3 4 3 & 7 B 9% W 1t 1 1 14 13 1 B ¥ 220 A A B M B B D ® B RN N N
otal Abundance c c c F C €c cC ¢ F F F C c c t c ¥ c 'C ¥ 4 c c
servation B P P PP P P F P P M M M P PP P M 3 13 P ] P

eworking A A A [ e ¢ ¢ ¥ A ¢ c c A c F F ¥ c ¥
Calcidiscus leptoporus CENCINCENCENCINC C A C C c F C [ C F c F (= (o c c c
C. macintyrei F C A F F F C ¥ F F F F c c F c A € F F
[Coccolithus pelagjcus A C C C A A A c CcC c c Cc A CENC A A c c € c} c c c
Dictyococcites productus F F F C c ¢ F ¢ ¢ F F F C CINC! F C ¥ A c A e F c
Discoaster asymmetricus 38 217 022 007 012 005 R 011 R 004 004 013 00 001 003 3
D. brouweri 301 434 4.75 0 07 197 R 1.61 R 100 003 048 047 041 029 022 (¥} 008 a14
D. intercalaris . 068 oL . R 002 R 00l 0.06 :
D. pentaradiatus 125 159 09 012 007 007 007 099 a1 003 008 0m
D. surculus 0.75 0.7 R 0.0L 5
D. tamalis 128 159 oar 002 003 00l 004 003 ooz
D. triradiatus 050 043 0.02 0.01
D. tristillifer 02 .
D. variabilis 150 0.72 047 018 Q15 R 025 K 004 004 006 009 0.17 007
reworked discoasters - - - - = = W Tm e = W = I $ 14 0.20 - 0.09 0.09
Discoaster spp. 173 29 075 0 0¥ (]} 023 M 822 016 049 012 01 0.07
IN° of total discoasters/mm* 251 145 155 232 1.5 26 238 146 1% 1.1 08 0.8 0ss . ;
small Gephyrocapsa R R R R R R F R R R R R R R ¥ r R A A A
Helicosphaera carteri R R F R R F F C F F F F R F R F R R R R . F c
H. sellii R C C C R R F ¥ C F F F F R F F C R R ¥ R R ¥ b3
Pontosphaera spp. cC F C F ¥ R c ¢ F C R R F R F F F R X R F F
Pseudoemiliania lacunosa C A C € C A A C A A Cc Cc cC c c c A A A A A (] A c
Reticulofenestra minuta A C A A C A A A A A A A A A A A A A A A A A A
R. minutula F A A A C A A A C A C ¢ A ¢ CIC! c F F F € (J c
R. pseudoumnbilicus R R R R R R R R R R R F F R R R R R ¥ R
R. smalt pseudoumbilicus F c i F F c c R F F F F R R
Rhabdosphaera spp. F F R R R ¥
Scyphosphaera spp. R R R
Sphenolithus spp R F F F ¥ # R R F F R R F R R R
[Plankionic Foraminitera
Globigerinn apertura % 5 X = * - o BB . ¥
G. bulbosa x % = . . . . x
G. bulloides = = 2 X & & ®= & % %X X & % X X T 4 A4 x X ., I % B B 5 bxe BN OE
G. calabra ‘ ®
Q. decoraperta X & =W ' X W & B e A =
G. falconensis = z 3 n = = 2 x 13 = = = x = = =
G quadrilatera L I x E O S x ox * T % x
G, quinqueloba x : ; . . h . * E N .
G. urnbilicata x ® F ® * x
Globorolntia aemiliana x . ; x x . o e = &
Q. bononiensis o= . 5 - ‘ x
G. crassaformis crassaformis x = & ' :
G. inflata : - Y F .z K T 3 N ‘A N s x
Q. obesa 3 : = . x
G. oscitans 2 =T x x ®
G. puncticulata x x E oz . TR
@. scitula . ; g ; =
Globigerinoides diminutus = x CHEE S R THE TR RO S x ] R I I x . ]
G. conglobatus " 2 E N W ~ - ] . x F - PR
G. slopgatus x = % A4 % % &K o £ B = x x ¥ 2 &8 = x x £ 3 8 ® & %
G. helicinus x 1 x x
G. obliquua extremus 2 x = ox
G. obliquus obliquus E I . = x
G. quadrilobatus x x X
G. ruber L] x L ] X x x L3 K L x x = z L x L L3 L3 x x z = x X = x L] x
G trilobus immaturus 5 = = x
G. trilobus sacculifer z L . : z
G trilobus trilobus r x % x . N
Hastigerina siphonifera : . O z q
Neogloboquadrina pachyderma . M x X o= x x ox S S SR
[N. acostaensis X ¥ d' 1’ ¢ & 4B X x
Orbuling bilobata x oz r x = » % x T ¥ z2 1 = x oz *
Orbulina universa B Z ¥ % & kK & x % 31 3 £ & % % ®» % % & R X % X % X & & ® X X %
Bulimina basispinosa $ % 8 A % K = E 8 ® = % ®m X X S, = F :x E A ¥ X B X K X
B. marginata of of o x x ELoONE GE.CE R (R % % K o3 A oxoox ok ok 2 E
|Nannofossil biozone M'NN]GII MNNle-HI MNNI8 MNN19a
| Foraminiferal biozone Globorotalia crassafonnis Globorotalia inflaa
AGE MIDDLE PLIOCENE z LATE PLIOCENE

A

Tab. 3 - Distribution of calcareous nannofossils and foraminifera in the Serre Alte section. Numerical abundances of discoasters, report-
ed as N°/mm’, derives from countings of 50-100 taxonomically related specimens, then referred to a scanned area of 20 mm?
within D. productus Zone (MNN 19a). Symbols as in Tab. 1.
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Fosso VARICELLO

Calcareous Nannofossils
| Total Abundance
Preservation

Reworking

Calcidiscus leptoporus

C. macintyrei
Coccolithus pelagicus
Dictyococeites productus
Discoaster asymmetricus
D. brouweri

D. pentaradiatus

D surculus

D. tamalis

D. triradiatus

D. variabilis

Discoaster spp.

IN° of total discoasters/mmr*
Helicosphaera carteri

H. sellii

small Gephyrocapsa
Pontosphaera spp.
Psendoemiliania lacunosa
Retioulofencstn minuta
R rmnutuls

R. pseudoumbilicus

R. small psendoumbilicus
Sphenolithus spp

¥
w

Sample

o
o

=

~
W

o»000% 0=

259
1528
310
1.29
259
025
0.52
025
259

B A Q
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Foraminifera
Globigerina apertura

G. bulbosa

G. bulloides

G. falconensis

G, quadrilatera

G. quinqueloba
Globorotalia aemiliana

G. bononiensis

G. bononiensis/inflata

G. crassaformis crassaformis
G. obesa

G. puncticulata

G. scitula
Globigerinoides diminutus
G. elongatus

G. helicinus

G. obliquus extremus

G. obliquus obliquus

G. quadrilobatus

G, ruber

G. trilobus immaturus

G. trilobus sacculifer

G. trilobus trilobus
Neogloboquadrina acostaensis
Orbuline bilobata

O. suturalis

O. universa

Bulimina basispinose

B. i

o

E I - A

WX X X ox

»®

E
I

L

=

HOoX X ox -
B
=

x X
X X X X

E N
"
£
»

E I

XX

Nannofossil biozone

Foraminiferal biozone

MNN16a

MNN16b-17 r

MNN18

Globorotalia crassaformis

AGE

MIDDLE PLIOCENE

Z

LATE PLIOCENE

Tab. 4 - Distribution of calcareous nannofossils and foraminifera in the Fosso Varicello section. Numerical abundances of discoasters,

reported as N°/mm?, derive from countings of 50-100 taxonomically related specimens. Symbols as in Tab. 1.
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GROTTICELLE

Calcareous Nannofossils
Total Abundance
Preservation

Reworking

Amavrolithus delicatus
(Caleidisous leptoporus

. macintyrei
Coccolithus pelagicus
Dictyoscoecites productus
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Tab. 5 - Distribution of calcareous nannofossils and foraminifera in the Grotticelle section. Numerical abundances of discoasters, report-
ed as N°/mm?, derive from countings of 50-100 taxonomically related specimens. Symbols as in Tab. 1.



154 R MAIORANO

ous nannofossils are shown in Text-fig. 7. The section
has been referred to the upper Pliocene for the iden-
tification of the nannofossil Zone MNN18 and of
the G. erassaformis planktonic foraminiferal Zone.
Discoaster mma%z's, D. asymmetricus and D. pen-
taradiatus are recorded as rare and scattered speci-
mens suggesting that they are probably reworked. On
the other hand, D. brouweri is continuously present
in the section allowing 1o recognize the MNNI8
Zone, in agreement with foraminiferal data. In fact,
the occurrence of G. crassaformis in the absence of G.
puncticulata indicate the G. crassaformis Zone.
Moreover, B. marginata, the FO of which falls above
the LO of D. pentaradiatus (Sprovieri & Hasegawa,
1990), is recorded from the lowest sample allowing

the recognition of the interval VIII of Spaak (1983).
CONCLUSIONS

The integrated biostratigraphy from this study
results in a precise age assignments of the Pliocene
terrigenous clayey sediments croppin§ out in the area
betweeen S. Mauro Forte and Stigliano (Basilicata
region) as well as new chronostratigraphic data on the
sedimentary evolution at the outer border of the
Southern Apennines.

Despite the presence of significant reworking and
the rarity of some marker species, quanticative analy-
ses of the calcareous nannofossil assemblages allow to
recognize the MNN14-15 Zone in the lower Pliocene
sequence, the upper part of Zone MNNIGa and
Zones MNN16b-17, MNN18 and MNN19%a in the
middle and upper Pliocene interval (see Rio et al.,
1994). Correlation of nannofossil data with foramini-
feral events greatly improves the biostratigraphic res-
olution in some intervals, although some marker
species among planktonic foraminifera are rare (G.
bononiensis) or absent (Sphaeroidinellopsis spp., N.
atlantica sinistral). In particular, the G. puncticulata
Zone (= Spaak’s interval IV) in the lower Pliocene,
and the middle-upper part of the G. crussaformis
Zone (= Spaak’s intervals VII and VIII) and the G.
inflata Zone (= Spaak’s interval IX) in the middle and
upper Pliocene JSpaak. 1983) could be recognized.
Specifically, Spaak’s intervals VII and VIII were iden-
tified on the basis of the FOs of benthic foraminifera
B. basispinosa (=lower part of interval VII) and B.
marginata (=just above the base of interval VIII),
respectively. [n addicion, the FO of B. basispinosa was
found o éll just above the LO of D. tamalis, while
the FO of B. marginata falls slightly above the extinc-
tion of D. pentaradiatus. At t%e transition between
Zones MNN16a and MNN16b-17, two levels wich
abundant Pliocene diatoms and silicotlagellates have
been found in two of the studied sections. They had
never been previously recorded in the studied
deposits and further investigations are needed in
order to clarify their potential stratigraphical and
paleoecological meaning.

The biostratigraphic results indicate that in the
investigated deposits, previously referred to the tran-
ressive part of the Bradanic Cycle and of late
liocene to early Pleistocene age, two different strati-
graphic sequences can be recognized: a) a conglomer-
atic-sandy and silty-clayey succession o% early
Pliocene age, areally very limited, lying uncon-
formably on the Miocene Foredeep Units; and b) a
middle Pliocene conglomeratic and calcarenitic-
sandy body transgressive on pre-Pliocene units, pass-
ing upward to thick, clayey sedimentary succession,
late middle to late Pliocene in age.

A stratigraphic gap spanning the upper lower
Pliocene to the lower middle Pliocene separates the
investigated deposits. The stratigraphic and chronos-
tratigraphic data presented above are in good a%ree-
ment with those of Caldara ¢z 2/ (1993) and Sabato
& Marino (1994) from adjacent localities at the outer
border of the Southern Apennines, where two sedi-
mentary cycles have been identified.

Finally, according to the obtained results, a defor-
mative event can been preciscly dated to the late
Pliocene (Zone MNNI18 - upper part of the G. cras-
saformis Zone) in the studied area; this event is docu-
mented by the overthrust of the Apennines units that
truncates the clayey succession in the middle upper
Pliocene. Clayey deposition continued up to the
uppermost Pliocene in the outer part of the studied
area or up to the lower Pleistocene in the outer por-
tion of the Bradanic Foredeep.
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