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ABSTRACT

The stratigraphic position of the Apennine Numi-
dian quartzarenites has been revised from Eastern
Abruzzi to Northern Calabria. Micropaleontological
investigations based on nannofossil and planktonic-
foram analises allowed us to recognize that in the
Southern Apennines the Numidian quartzarenites
were deposited in a short time-interval corresponding
to the upper part of the NN4 zone and possibly to the
lower part of the NN5 zone (N8 foraminiferal zone).
The Mumidian-sand inpur was preceded and accom-
panied by the deposition of calc-alkaline tuffites which
recorded in far field an important voleanic activity, In
the Apenninic depositional realms, the Numidian-sand
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accumulation represented a sedimentary event inde-
pendent from the time-space evolution of the thrust
belt-foredeep system. The latter was controlled, in Ear-
ly/Middle Miocene times, by the Europe-Africa con-
vergence and by the counterclockwise rotation of the
Corsica-Sardinia block. The term "flysch™ usually re-
ported in the current geological literature to define the
Apennine Numidian quartzarenites should be defini-
tively abandoned, since these quartz-rich sandstones
were mostly accumulated over foreland basinal areas
not yet reached by compression fronts.

RIASSUNTO

E stata riesaminata la posizione stratigrafica delle
quarzareniti "numidiche” nelle diverse unita tettoniche
dell’ Appennino Meridionale, dall’ Abruzzo orientale al-
la Calabria settentrionale. Arttraverso I'analisi incrocia-
ta dei nannofossili e dei foraminiferi planctonici & sta-
to possibile delimitare un intervallo di tempo relati-
vamente ristretto, corrispondente alla parte alta della
zona NN4 e forse alla parte pit bassa della zona NN3
{zona a foraminiferi N8), nel quale & avvenura la se-
dimentazione delle quarzareniti, Questa sedimentazio-
ne ¢ stata preceduta e accompagnata dalla deposizio-
ne di rufiti calc-alcaline che testimoniano un'impor-
tante attivith eruttiva in aree relativamente lontane.
L'accumulo delle arenarie numidiche nei domini sud-
appenninici ha costituito un ben preciso evento depo-
sizionale ad alimentazione africana, indipendente dal-
l'evoluzione spazio-temporale del sistema catena-
avanfossa la quale era strettamente controllata, nel
Miocene inferiore e medio p.p., dalla convergenza tra
Europa ed Africa e soprattutto dalla rotazione antiora-
ria del blocco sardo-corso. Il rermine “flysch” co-
munemente usato nella lerteratura geologica per le
quarzareniti numidiche dell Appennino meridionale
dovrebbe essere definitivamente abbandonato, dal



298

momento che queste ultime si sono depositate preva-
lentemente in bacini di avampaese non ancora rag-
giunti dal fronre della compressione.

INTRODUCTION

The Numidian Flysch (see FLANDRIN 1948) —
a gravity flow deposit characterized by yellowish
quartzarenites with interbedded grey-brownish
argillites — is a peculiar lithosome widespread
over 2000 kilometres from Gibraltar to the
Southern Apennines (Duranp Derca 1980; O-
GNIBEN 1963; WezEL 1970 a, b). As regards the
petrographic facies, the Numidian sandstones are
typified by rounded quartz grains with frosted
surfaces and by stable heavy minerals (zircon,
tourmaline and subordinate rutile, sphene and
garnet). The age currently attributed to the Numi-
dian sandstones in Western Spain, North Africa,
Sicily and Southern Apennines ranges from the
middle/late Oligocene to the Early Miocene, up to
the Langhian (see, among many Authors, Boenzi
et al. 1968; BouLLin and RaouLrt 1971; CARBONE
et al. 1987: CENTAMORE et al. 1970, 1971; CHioc.
CHINI et al. 1978; ClaranF ef &l 1973; CouRME
and MascLE 1988; CRESCENTI 1966a; DinoN ef al.
1973; DURAND DELGA 1969, 1980; FEINBERG et al.
1981; GiunTta 1985; GracoN and Rouvier 1967;
GUERRERA and WEzEL 1974; Higke MERLIN et al.
1971; LAHONDERE et al. 1979; MAGNE and Ray.
MOND 1972; OGNIBEN 1960, 1963, 1969; ORTOLANI
et al. 1975; PaLMENTOLA 1967, WEZEL 1966,
1970b, 1974). WEezEL (1973) underlined a signifi-
cant diachronism of the onset of the Numidian-
sand sedimentation from west to east, that is
from Algeria to the Southern Apennines, as well
as from the internal (norchern) to the external
{southern) depositional realms in Sicily.

The supply of the Numidian quartzarenites has
been matter of debate among geologists for a
long time (see discussion in DURAND DELGA 1980,
pp. 216-217). According to WEzEL (1970a) ... this
extensive clastic wedge of grain flow, slump, bot-
tom current deposits and turbidites represents
former continental rise sediments at the foot of
the cratonal slope of the African Platform”. We
think that this picture satisfactorily fits the
present-day available data, including the radio-
metric ages (18001100 Ma) of the detrital zir-
cons (see LANCELOT et al. 1977 and references
therein), in good accordance with the regional
geological constraints.

The aim of this paper is to provide new data
on the stratigraphic position and the age of the
Apennine Numidian quartzarenites, as well as of
some peculiar quartziferous calcarenites which re-

corded the Numidian-sand supply in sunken-
platform areas. The age assignment is based on
calcareous nannofossils and planktonic foramini-
fers recovered from the shaly interlayers of the
quartzarenites (or quartziferous calcarenites), as
well as from the immediately underlying and
overlying quartz-free deposits. Our biostratigra-
phic results (some hundreds of samples collected
over an area of about 15.000 square kilometres)
indicate that the Numidian-sand supply was a
nearly isochronous event which occurred in a very
short time-interval within the Langhian. We
would like to underline that the Numidian quartz-
arenites were accumulated in morphological de-
pressions which occupied distinct palinspastic po-
sitions along the Adria margin; most of these de-
pressions persisted as stable-foreland basins over
a long period of time after the Numidian input.
Therefore, the accumulation of the quartz-rich
sands in the Southern Apennines seems to have
been controlled only by the sea-bottom physio-
graphy (bathymetric gradients and elongation of
the deep-water seaways) and by the distance from
the source area (northward pinch-out of the quartz-
arenites), while the Apennine orogenic activity
related to the Corsica-Sardinia/Apulia conver-
gence did not influence it at all. In such a context,
the term “flysch” currently adopted to define the
Numidian quartzarenites is thus incorrect, or at
least ambiguous, since "flysch” is a facies term
frequently used to describe thick successions of
redeposited deep-sea clastics accumulated in
tectonically-active foredeep troughs (see e.g. Hstl
1972, as well as BaTes and Jackson 1987).

THE NUMIDIAN QUARTZARENITES IN
THE SOUTHERN APENNINES

The investigated region corresponds to the
northern portion of the Southern Apenninic Arg,
a complex bended structure convex towards the
lonian Sea which extends from the Maiella-Gaeta
lineament to Sicily, through the Calabrian Arc.
Figure 1 is an oversimplified geological sketch of
the Southern Apennines which shows the princi-
pal structural features of the area and the regional
distribution of the tectonic units making up the
mountain chain. The latter consists of a huge du-
plex system piled up with Adriaric vergence dur-
ing Neogene times and transported over the
present-day Apulia foreland in the Early Pleisto-
cene. The area is mostly occupied by rootless
thrust sheets which tectonically overlie a buried
antiform stack of carbonate horses cropping out
only in the northeastern part of the region
{Scontrone-Porrara, Maiella and Casoli units),
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Fic. 1 - Structural sketch of the Southern Apennines and major outcrops of Numidian quartzarenites, 1) continental
and subordinate shallow marine deposits (Holocene-Middle Pleistocene); 2) volcanites and volcanoclastites
{Holocene-Pleistocene); 3) lacustrine and fluviolacustrine deposits (Upper Villafranchian); 4) Bradano (and Sant’
Arcangelo?) sedimentary cycle: shelf-to-continental clastic deposits post-dating the last orogenic transport of the
Apennines over the Apulia foreland (Lower Pleistocene); 5) Atessa (Lower Pleistocene p.p. and wpper-middle Plio-
cene) and Ariano (middle Pliocene p.p.-lower Pliocene p.p.) sedimentary cycles: terrigenous shelf deposits uncon-
formably overlying the Apenninic nappes, post-dating the lower Pliocene and the middle Pliocene compression; 6)
Braneta sedimentary cycle: terrigenous shelf deposits (lower Pliocene p.p. - Meisinian p.p.) unconformably covering
the Apenninic nappes, post-dating the upper Messinian compression; 7) Altavilla, Anzano, Celenza and Gorgoglione
sedimentary cycles (Messintan p.p. - wppermost Tortonian): siliciclastic deposits, including evaporites and diato-
mites, post-dating the upper Tortonian compression; 8) internal Apenninic units (Cilento, Sicilide and Calabrian
nappes) and Albidona sedimentary cycle; 9) Sannio Nappe; 10) Verbicaro and San Donato units; 11) Alburno-
Cervati and Monte Foraporta units; 12) Monti della Maddalena and Matese units, including the Castelvetere and
Caiazzo formartions; 13) Lagonegro, Frosolone and Agnone units; 14) Tufillo and Daunia unirs: 15) Scontrone-
Porrara Unit; 16) Maiclla Unit; 17) Casoli Unit;, 18) Mesozoic-Tertary carbonates of the Apulia foreland; 19)
MNumidian quartzarenites (Langhian), 20) synclines; 21) anticlines; 22) main Pliocene and Pleistocene overthrusts:
23) strike-slip faules.
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Middle Pliocene or younger out-of-sequence
thrust surfaces cur across the whole orogenic edi-
fice slantwise, causing the development of
second-order arcs.

The complexity of the present-day structure,
together with too many persisting uncertainties
about the regional geology, make the construction
of reliable balanced sections across the Apennines

very difficult, in spite of the rich subsurface in-
formation. Therefore, large disagreements still
exist among geologists with regard to the possi-
ble palinspastic restorations of the tectonic units,
as well as the timing of the deformation and the
amount of the shortening. Figure 2 is an attempt
to restore the Apennine paleogeographic domains
at the rime of the Numidian sand supply. The
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Fici. 2 - Palinspastic restoration of the Apenninic domains during Langhian times. 1) Cretaceous-Paleogene Corsica-
Calabria thrust belt; 2) Mesozoic-Tertiary shallow-water carbonate platforms; 3) sink-areas along the Apulia outer
margin related to the Europe-Africa convergence and to the independent counterclockwise rotation of the Adriatic
Promontory; 4) outer front of the Pliocene-Quaternary compression in the Apenninic arcs,



boundary conditions, as well as the structural and
stratigraphical criteria which led us to this kind of
picture are discussed in PaTacca and ScANDONE
(1989).

In the following pages, a brief outline of the
tectonic units making up the investigated seg-
ment of the mountain chain (the most internal
ones excepted) will be provided; the stratigraphic
position of the Numidian quartzarenites, where
they are present, will be concisely described. Fig-
ure 3 provides some toponymy references and the
location of the sampling sites cited in the text and
in Figures 4-11. Table 1 supplies the geographic
coordinates of the selected analyzed samples and
specifies the tectonic units and the stratigraphic
intervals. The fossil contents of the quartz-rich
Numidian interval, as well as those of the imme-
diately underlying and overlying deposits are
summarized in Table 3 (!). The reworked forms
and the benthonic foraminifers, usually present in
all examined samples, have been systematically
omitted.

Sanmio Uwnir

The sedimentary sequence of the Sannio Unirt
comprises from the bottom:

— varicoloured (hemi)pelagic clays with inter-
calated redeposited calcilutites and biocalcarenites,
as well as subordinate manganese-bearing chert
beds deposited from dilute rails of turbidity cur-
rents;

— hemipelagic to pelagic limestones and coarse-
clastic lime resediments with red and green marly
interlayers;

— gravity-flow deposited quartzarenites grading
upwards to turbiditic calcarenites and arkosic
sandstones.

The age of the sequence and the palinspastic
position of the Sannio depositional domain are
controversial. According to some Authors (see,
e.g. LENTINI 1979; ORTOLANI et al. 1975) the San-
nio Unit represents the Upper Cretaceous-Lower
Miocene part of the basinal Lagonegro sequence
detached from its Triassic-Lower Cretaceous por-
tion and transported over more external domains
during the Neogene compression. According to
SELLl (1962) the Sannio Nappe consists of chaotic

(1) In the text, as well as in Tables 1 and 3, we shall
concisely call "Numidian interval” the Numidian
quartzarenites and the coeval quartziferous calcarenires
whose composition has been influenced by the
Numidian-sand supply. Consequently, we shall call
"pre-Numidian interval” and "post-Numidian inter-
val" the immediately underlying and overlying de-
posits lacking in Numidian quarrz-grains.
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terranes including huge blocks of Miocene rede-
posited limestones and sandstones, orogenically
transported into the Apenninic foredeep from an
internal “Tyrrhenian” basin during late Tortoni-
an time. Finally, according to other Authors (see,
e.g., CENTAMORE et al. 1970, 1971) the whole se-
quence is basically autochthonous and ranges in
age from the upper Oligocene to the Lower Mio-
cene. We agree with these last Authors on the
age of the sedimentary sequence (?), but we con-
ceive the Sannio Unit as a rootless thrust-sheet
whose depositional realm had to be located west
of the Monti della Maddalena paleogeographic
domain (see Fig. 2). In fact, south of the Pliocene
Ofanto basin, the Sannio Nappe overlies tectoni-
cally the Monti della Maddalena Unit, and the re-
gional strucrural pattern indicates that no signifi-
cant backthrusts may be invoked in the area in
order to justify the observed geometrical relation-
ships. Consequently, there are three possibilities
about the provenance of the Sannio Unit: a) from
a basinal area located between the Alburno-
Cervati and the Monti della Maddalena paleogeo-
graphic domains (see, e.g., the Monte Foraporta
basin where the post-Jurassic portion of the se-
quence is unknown), b) from a basinal area lo-
cated between the San Donato and the Alburno-

(%) It is possible that still undistiguished portions of
the Lagonegro units have been included in the Sannio
MNappe. We are still in doubt, for example, whether
the basinal sequences cropping out in the Monte Mo-
schiaturo area east of Matese actually belong to the
Sannio Nappe or to the Lagonegro units. These se-
quences, tectonically sandwiched berween the terrige-
nous deposits of the Matese Unit and varicoloured
clays cerrainly belonging to the Sannio Nappe, have
been atcributed in the literature to the Upper
Cretaceous-Lower Miocene (CrescEnTt 1906b; Man.
FREDING 1963; Ortoran ef af. 1975; Pescatore 1965b),
Here, Numidian quartzarenites are developed in the
upper part of the sequence, stratigraphically overlying
spicular calcarenites with associated thin pyroclastic
beds and greenish marly interlayers. Clayey marls col-
lected just below the quartz-rich sandstones yielded the
following calcareous nannofossils: Cyclicargolithur abi-
sectus, Coranocyclus nitescens, Helicasphaera euphra-
tis, Coccolithur miopelagicus, Cyclicargolithus flovida-
nus, Sphenolitbus moriformis, Helicosphaera interme-
dia, Dircoaster deflandrei, Reticulofenertra spp., Coc-
colithus pelagicus, Helicosphaera carters, Sphenolithus
compactus, Sphenolithus conicws, Helicosphaera am-
pliaperta, Geminilithella rotula, Sphenolithus abies,
Discoaster deflandrei-variabilis, Reticulofenestra pren-
dowmbilicus. The planktonic foraminifers are here re-
presented by Globorotalia siakensis, Globiperina prae-
bulloides, Globorotalia continwosa-psendocontinuosa,
Globigerinaides trilobus, The fossil assemblage sug-
gests an upper Burdigalian-Langhian age.
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Fic. 3 - Location map of the sample stations (asterisks), supplying some toponymy references. 1) Carpineto di
Sinello; 2) Castiglione Messer Marino; 3) San Felice; 4) Salcito; 5) Lupara; 6) Casone Cardillo; 7) Jelsi; 8) Riccia;
9} Monte Moschiaturo; 10) Ponte; 11) Laviano; 12) La Rotonda di Monte Marmo; 13) Sant’Angelo Le Fracee; 14)
Monte Castelluccio; 15) Serra del Corno; 16) Capaccio Vecchio quarry; 17) San Michele; 18) Atena Lucana; 19)

Capaccio; 20) Felitto: 21) La Raja del Pedale; 22) Monte Raparello; 23) Serra Cortina; 24) Brefaro; 25) Torno; 26)
Campotenese; 27) Civita; 28) Cerchiara di Calabria; 29) Verbicaro.

Cervati domains (where an important shear zone ==
responsible for the San Donato metamorphism
may have obliterated intermediate depositional
realms) and finally, ¢) from a basinal area located
west of the Verbicaro domain (). We prefer this
last possibility because of several facies affinities

berween the Sicilide and the Sannio stratigraphic
sequences.

{'} It is unlikely that the Sannio Unit derived from a
depositional domain intervening berween the Verbica-
ro and the San Donato domains, since both Verbicaro
and San Donato units underwent synkinematic low-
grade metamorphism (see DIETRICH ef al. 1976; Pic-
RATTINI ef al. 1973) whilst no metamorphic overprint
is present in the Sannio Unit.
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TasiLE 1 - Geographic coordinates of the sample stations asterisked in Figure 3. The corresponding tecton-
ic units and the stratigraphic intervals are also indicated

SAMPLE STATIONG

TECTOMEC EhilTa

INTERVALS SAMILES LATITUUE LLHG I TUDE

L. CARPINETO DT SINELLO DEURDA FUMTDIAN INTERVAL P 110512 an*pot 31 th | J4430'030E
#. CAETIGLIONE REGSCH MARINOG TUFILLD =MUMIM AN IRTERVAL EF 12003-8%; NP 1499-500 A1*52 1 13N | 14"FTITHE
HE LgER AVSETDORE | 14427 farE

HUMIDIAN IMTERVAL EF 12B6-B8; NP §501-03 A1PG20 13N | 14SITORTNE

WP LGan-ng A15200"N | 1427 IEVE

J. S& FELICE TUFILLO HUMIDIAN [NTERVAL EF 108% 41752°43"0 | j4*a1 0ag
POST-MUMIDIAN INTERVAL | EP 1006-1082 a1*54 43 | jdcai-omeE

4. SALELTO ERNN1G PRE-IMIDIAN ESTERVAL NP 1485 a1*av-5e=n | 14°3)-cE°F
NP 1466 A1%84°37=0 | pae30¢ a8~

5. LUPARR SARNID MUMIDEAR |HTERVAL NP 131B-20 arcancpe=y | pasav-om=g
&, CASONE CARDILLG SANNID POST-WMIDTAN INTERVAL | £P 1342.24; NP 1640-42 A1*29°11=W | 14=37°25~E
7. JELSI SANHID FRE-NIMIDIAN INTERVAL B 1853 #1*30 500 | 14*87736°E
A, RICCIA SamNiO RUNEDTAN INTERVAL EP 1348: NP 1854-5% A1 35 | pASOt 24T
FOST=-HUMIDIAM [NTERVAL | EP 1349-50bis; WP 1858-57 AL*10AI°N LA*E0 ¢ FHE

9. MONTE MODSCMIATURD BAMNIO T PRE-NUMIDIAN INTEEVAL NP 60008 AIT21' NN | 14v3500aYE
RE 1134 ARTILV RGN | 1AR35 NaTE

NUMID1AN [NTERVAL B 1333 ag*31 30 N | La3sr04nE

10. PONTE EARNIO HUMIDIAN TNTERVAL EF JALE-R0; NP 2102-04 ARF13 33N 1a=d3 25 E
POST-MUMIDEAN INTERVAL | EF L4BI-62; HP 2185-47 AL*La TN | JATEARECE

1i. LAVIAND HMOWT] DELLA MADDALENA | PRE-WUMIDIAN INTERWVAL WP 2532-23 40745 33N 15300 BHYE
N Ea-2P AQTA6 SOUN | 1%TIE IRYE

MUMIDIAN THTESVAL EF 162} oA S00N | 15%1EC LIYE

I8, LA ROTONDA DI WONTE MARMD | LAGTMEGHD FRE-HLMID]AN INTERVAL WF ZAGG-6T AD*37 34N 15% 33 LE4E
13, SANT*ANGELD LE FRATTE LAGOMECRD PHE-HUMIDIAN [MTERVAL W ZasT.um AD*IN0anN | 15733 FUE
14, MONTE CASTELLUCTIO MONT! DELLA MADDALEMA | FRE-NUMIDIAN INTERVAL WF Flap-50 An*3rEaee | 153 e
EF 1%63: WP 2351-55 AD*1LBOUR | 15%33° 354K

1%, SEMRA DEL CORND WONTI DELLA MADDALENA | FRE-NUMIDIAN IMTERVAL WF 3231817 NP 234445 apt0eps=n | 1512 EanE
MUEIOTAN INTERVAL HP 2347-43; MP 23df-47 A0 107 25N | 15%32 2K

16, CAPACTID WECCMIO QUMRRY ALBURRO-CERVATE PRE-MUMIDIAN [NTEWVAL EF 1491; EF 1%27-29; NF 2708-301 027'05°0 | 15703 a3 g
1T. BAR MICHILE ALBRHO-CENYATT WOMIOTAM INTERVAL (@) | BF 1538; HP 7308 an"27' 1540 | 1seosrs]=E
1B. ATERA LUCKHA MONTE DELLA MADDALENA | PRE-MUMIDIAN JHTERYAL R 2PES-88 ADRITOROUN | N5eARARE
19, CAPACCIO ALHUBHO-CERVAT] HUMIE]AN PHTEHVAL EP 152426 apedaraacy | 190082
20, FELITTD ALBUSNO-CERVATE PRE-RUMIDEAN THTERYAL WP 227578 ADta2 pAN || 15cadrsorE
1. LA RAJA BEL PEDALE ALBUMMO=-CERVATT PRE-RIMINLAN IHTENVAL EF JanS-9di; WP TFAT A1 AN §5= 3¢ PR
EF 1437 HP 2748 A At paeN | EReRse soeE

HUMIDIAN INTERVAL (@ @)] EF 1494 HP 22a5-%0 ADF1ATLOMN || 1524 S0FE

22, MOHTE RAPARELLO ALBURNO-CERVATI PRE=NUHITIAN JUTERVAL LA ] AT1A0EUN || 154SEAD=E
HNUMIDIAN FRTERVAL EP 154B-54; WP 2325-30 A0 1AOAEN | 15ese a2k

23, SEMHA CORTINA GANNID POST-NUMIDTAN IWTERVAL | W@ 3630-33 aAn*12° 03N - o s
HP 2634-35 ADC12°13°N | L&A SOE

NP 2636-27 AD*12°43°N | 1&*24042=E

HE 2638-49 A010 5N | DE*2S e

24, BALFARD VERHICARO PHE-IRBID]AN IMTEHVAL EF 1%8%-81; NP 2456-67 WG s | 15 2
5. TORID ALBURNO=CERVATI PRE-HUMID]AM INTERVAL EF 181d; i 2550=18 3IGPER A0 N | 15*D1 ¢ SBHE
MUMIDIAR INTERVAL EF 1615-18 aenA Ao | 16001 a8=E

2%, CAMPCTENESE PASS Shi DONATO HUMIDIAR INTERVAL EF 1606-13 INLE2 LN | 16%07 03K
7. CINITA ALBLURRO-CERVATI POST-NUMIDTAN INTENVAL | EPF 1803-07; NP 2904-09 ELLET BRI BT IR AT B 1
28, CERCHIARA D] CALSBHIA ALBURRO-CERVATI HUMIDEAN INTERWAL EP 1S06-601; WP 2497-503 aesoisoeN | iseeat astE
29, VENRLCARD VERHICAHD PRE-HEM B AN [MTERVAL NP PaTE.80 WA (O N | 1R e E

(@} Soft clast in slide conglossrntes fros the Hosidianm iaterval,

(0@ Blocks in Serravallisn cheotic boulder clays.
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In Figure 4 a schematic columnar section shows
the position of the Numidian sandstones (inter-
val &) in the upper part of the Sannio sequence.
In this portion, three lithological intervals have
been distinguished.

The interval & (pre-Numidian interval) is re-
presented by light-coloured calcilutites and subor-
dinate medium-sand-sized calciturbidites inter-
layered with green (hemi)pelagic marls. The fine-
grained limestone beds frequently display some-
what nodular structures caused by a pervasive
bioturbation which led to a complete destruction
of the primary sedimentary structures. The mi-
crofauna is dominated here by unevenly distribut-
ed plankronic forams. A significant admixture of
neritic materials (thick ostracode valves, rotaliids,
miliolids, alveolinids, Lepidocyclina and frag-
ments of coralline algae) appears in the sandy
fraction of the associated gravity-flow deposits.
Samples collected in different stations from the
green marl interlayers yielded the same fossil as-
semblages. The nannofossils include Reticulofe-
nestra daviess, Cyclicargolithus abisectus, Hely-
cosphaera euphratis, Coccolithus miopelagicus,
Cyclicargolithus floridanus, Sphenolitus morifor-
mis, Helicosphaera, intermedia, Discoaster de-
flandrei, Reticulofenestra spp., Coccolithus pela-
gicus, Coronocyclus nitercens, Helicospbaera car-
teri, Sphenolithus compactus, S. conicus, Helico-
sphaera ampliaperta, Geminilithella rotula,
Sphenolithus abies, Reticulofenestra psendoumbi-
licus. The planktonic foraminiferal assemblage
includes Globigerina pracbulloides, Globorotalia
preudocontinuosa, Globoguadrina dehiscens, Glo-
borotalia continuosa and Globigerinoides trilo-

bus. Up-section, the pre-Numidian interval is
characterized by thin spongolite beds with diage-
neric lenses or nodules of light-coloured vitreous
chert and barren shaly interlayers.

The interval & grades to the overlying Numidi-
an quartzarenites (interval &) through some
metres of slightly quartziferous biocalcarenites
emplaced by quite dilute turbidite currents. The
arenitic fraction is represented by shelf-derived
materials, such as fragments of calcareous algae,
neritic lithoclasts, benthonic foraminifers (Leps-
docyclina, Amphistegina, Miogypsinoides, Elphi-
dium, etc.), admixed with variable amounts of pe-
lagic biodetritus. A few rounded quartz-grains of
fine to medium sand grade are sparsely scattered
through the predominant allochemical sediment
(see Figs. 4 g, h). The quartziferous calcarenites
are followed by yellowish quartz-sandstone beds
(Numidian quartzarenites) displaying shaly part-
ings and sporadic pyroclastic interlayers. The
thickness ranges from about one hundred (north)
to several hundred metres (south). Texturally, the
Numidian quartz-sandstones are medium to very-
coarse-sized arenites containing more than 95%
quartz framework grains (derrital chert excluded)
frequently bonded by calcite cement and, in some
cases, by an insignificant amount of interstitial
clay minerals and silica. Semicomposite and
single-crystal quartz grains displaying straight to
strongly ondulose extinction prevail over the poly-
crystalline quartz-grains. Minor constituents in-
clude chert granules and medium to fine-sand-
sized rourmaline, zircon, rutile and sphene (often
concentrated in streaks), as well as a few scartered
microcline feldspars. Petrographic microscope in-

Fii. 4 - Schematic columnar section and microfacies of the upper part of the Sannio sequence. The section shows the
position of the Numidian sandstones, as it has been reconstructed by different outcrops, Small letters a, b, ¢, respec-
tively indicate the pre-Numidian, the Numidian and the post-Numidian intervals.

The heavy bars indicate the portions of the sequence which have been sampled for paleontological analysis. Capiral
letters refer to the stratigraphic position of the microfacies illustrated in the photographs. Finally, the Arabic
numerals correspond to sample stations (see Fig. 5 and Table 1). The same symbols have been used in Figg. 7, 10
and 11, 4 & terrigenous calcarenite showing allochems commixed with a high percentage (= 50%) of siliciclastic
extrabasinal grains. The lacter are represented by well rounded, broken quartz grains, single-crystal and polycrystal-
line quartz with angular shape, plagioclase. Riccia, interval ¢ (E position in the columnar section), EP 1349, x63,
XPL. 4 &: slightly quartziferous (fine-sandy grains) foraminiferal packstone with sponge spicules. Casone Cardillo,
interval ¢ (D paosition), EP 1343, x25, PPL. 4 &: poorly sorted quartzarenite with well rounded larger grains (medium
to coarse sand sized) set in subangular ro subrounded fine-sand-sized, comminuted quartz clases. The surfaces of the
coarser grains are picked out by a thin and discontinuous red-brown rim of iron oxides. The quartz grains are bonded
by calcite cement, usually fairly coarse-grained. Occasionally, a poikilitic texture may develop, when a single cement
crystal envelops many finer detrital grains. Riccia, interval b, (B position), EP 1348, x25, PPL. 4 &: #d.id., XPL. The
view cleary shows that most of the clasts consist of monocrystalline quarrz-grains. 4 ¢ and 4 f: coarse-grained vitric
tuff with pumice fragments of various size and shape, rare feldspars and small, subrounded single-crystal quartz
grains enclosed in a fine-grained ash martrix. Ponte, interval b (C position), EP 1458, x25, PPL. 4 g and 4 &
bioclastic packstone with scattered and well rounded quarez grains (medium to coarse sand sized) and subangular to
subrounded finer quartz fragments. Lupara, interval a (A position), EP 1320, x25, PPL.
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vestigation reveals that the sediment is character-
ized by a textural inversion (poorly sorted but
well rounded to subrounded grains), in sharp con-
trast with the high mineralogic maturity (Figs. 4
¢, d). The presence of abraded overgrowths, par-
ticularly evident on isolated dust-rimmed quartz-
grains, points to a multicycle origin of the quartz
granules likely derived from the erosion of
former quartzarenites. The overall texture and
structure of the quartzarenite beds imply that the
deposition occurred through highly concentrated
gravity flows. The occasional pyroclastic layers
consist of fine to coarse-grained vitric tuffs char-
acterized by dominant glass shards, frequently
devitrified, and subordinate phenocrysts of vol-
canic plagioclases, volcanic rock fragments and
quartz grains set in a cryptocrystalline or finely
crystalline groundmass. The volcanic rock frag-
ments include porphyrites with plagioclase phe-
nocrysts, felted masses of very small, lach-like
plagioclase crystals and pumice (Figs. 4 e, f). The
pelitic interlayers of the quartzarenites are usually
barren, and only in a few cases quite well pre-
served calcareous nannofossils and planktonic fo-
raminifers have been found. In the fossiliferous
samples the nannofossils include Reticulofenestra
daviesii, Coccolithus miopelagicus, Cyclicargoli-
thus floridanus, Sphenolithus moriformis, Di-
scoaster deflandrei, Reticulofenestra spp., Coccoli-
thus pelagicus, Helicosphaera carteri, Sphenoli-
thus abies and Reticulofenestra psendoumbilicus.
The foraminiferal assemblage is usually repre-
sented by Globorotalia siakensis, Gb. obesa and
Globoguadrina debiscens.

The interval ¢ (post-Numidian interval} con-
sists of light-grey biocalcarenites with marly in-
terlayers gradually replaced, up-section, by well
bedded arkosic sandstones with shaly parrings.
These deposits, emplaced by turbidity currents,
usually display lower-flow-regime sedimentary
structures (C-E intervals); more complete Bouma
sequences have been rarely observed. The biocal-
carenites are texturally defined as fine to medium
sand-sized and poorly sorted packstones; the
components include variable amounts of pelagic
material (mostly planktonic forams) and
penecontemporaneously-displaced shallow-water
grains such as benthonic forams (Elphidium,
Ampbistegina), fragments of red algae, ramose
bryozoan fronds, mollusk and brachiopod shell
debris, echinoid spines and peloids. In addition,
the lowermost part of the calcarenites is charac-
terized by a considerable amount of sponge spicu-
les merely preserved as microquartz-filled
moulds, rare volcanic plagioclases and scattered
rounded quartz-grains, the latter representing the

last remainders of the Numidian input (Fig. 4 5).
In a few metres, the biocalcarenites grade up-
wards into calcarenites with arcosic terrigenous
admixture (Fig. 4 4) and finally into turbidiric ar-
kosic sandstones. The nannofossil assemblage
recovered in the lower part of the post-Numidian
interval includes Reticulofenestra daviesis, Cycli-
cargolithus abisectus, Coccolithus miopelagicus,
Cyclicargolithus flovidanus, Sphenolithus mori-
formis, Helicosphaera intermedia, Discoaster de-
flandres, Reticulofenestra spp., Coccolithus pela-
picus, Coronocyclus nitescens, Helicosphaera car-
teri, Sphenolithus compactus, Helicosphaera me-
diterranea, Sphenolithus conicus, Helicosphaera
ampliaperta, Geminilithella rotula, Sphenolithus
abies, Sphenolithus belemnos, Discoaster variabi-
lis, Sphenolithus heteromorphus and Reticulofe-
nestra prexdowmbilicus (some forms = 7 |1 m).
The foraminiferal assemblage mostly consists of
Globorotalia acrostoma, Globorotalia siakensis,
Globigerina praehulloides, Globoratalia obesa,
Globoguadrina debiscens, Globorotalia continuo-
sa, Globigerinoides subquadratus, Gd. trilobus,
Globorotalia praescitula, Globigerinoides bisphe-
ricus, Pracorbulina glomerosa, Globoguadrina
langhiana and Globorotalta mayeri.

VERBICARD UNIT

This unit (BousQUET and GRANDJACQUET 1969),
cropping out only in the southern part of the in-
vestigated region, occupies the highest position in
a thick pile of carbonate thrust sheets. The sedi-
mentary sequence consists of Triassic-Liassic
shallow-water carbonates followed by coarse to
fine-grained basinal limestones and associated
marls ranging in age from the Jurassic to the
Lower Miocene (CiviTa 1965: Damiant 1970
GRANDIACQUET and GRANDJACQUET 1962; Scaw.
DONE et al. 1963; SeLn 1957; Vallario and De
Mepicr 1967). According to the geological litera-
ture, the uppermost part of the sequence is re-
presented by siliciclastic deposits consisting of
quartz-sandstones with shaly interbeds. Acrually,
small outcrops of quartzarenites displaying typical
Numidian characteristics are locally present on
top of the Verbicaro carbonates, but the strati-
graphic nature of the contact has not been
proved. The youngest sediments certainly belong-
ing to the Verbicaro Unit consist of dark-grey
turbiditic biocalcarenites and calcisiltites regularly
interbedded with (hemi)pelagic marls. On the
microscope scale, the biogenic constituents mak-
ing up the bulk of these lime resediments include
planktonic forams and prevailing microquartz-
filled moulds of sponge spicules (Figs. 5 a, 4).
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Fiss, 5 @ and 5 & - Mixture of monoaxoned and multiaxoned spicules, mainly preserved as interlocking crystals of
calcite, in a spicule-rich bioclastic packstone. Brefaro, uppermaost part of the Verbicaro carbonate sequence; EP 1591,
(25, PP1
x25, PPL.

Limeclasts, benthonic forams (Lepidocyclina, Mio-
gyprina, etc.) and fragments of coralline algae, as-
sociated with a variable amount of unidentified
micritized bioclasts, are the dominant compo-
nents of the coarser clastic fraction of the turbi-
dite layers. The volumetric importance of the
originally opaline sponge spicules accounts for
the diagenetic patches of granular chert frequent-
ly observed in these deposits. In the Sannio, Mon-
ti della Maddalena, Lagonegro, Tufillo and Dau-
nia units similar spicular deposits, often associat-
ed with volcaniclastic products, immediately un-
derlie the Numidian quartzarenites.

Nannofossils yielded by yellowish marly in-
terbeds sampled near Brefaro and Verbicaro vil-
lages (see Table 2) include Reticulofenestra da-
viessl, Cyclicargolithus abivectus, Coccolithus mio-
pelagicus, Cyclicargolithus flovidanus, Sphenoli-

thus moriformis, Helicosphaera intermedia, Reti-
culofenestra spp., Coccolithus pelagicus, Sphenols-
thar compactur, 5. conicus, 8. abies, 5. hetero-
morphus. The planktonic foraminifers are here
represented by Catapsidrax dissimilis, Globigerina
pracbulloides, Globorotalia prendocontinuosa and
Globigerinoides trilobus.

San DownaTo Unit

The San Donato Unit (AMopio MoRELL et al.
1976), cropping out only in the Northern Cala-
bria Coastal Chain, has not been distinguished
from the Verbicaro Unit in the geological-
structural sketch of Figure 1. The sequence com-
prises Middle Triassic metapsammites and me-
tapelites followed by Upper Triassic crystalline

Fic. 6 - Microfacies from the upper part of the metamorphosed San Donato sequence. 6 a: very fine sand sized
quartzarenite with heavy minerals (zircons and tourmalines) and iron oxides concentrated in thin bands. The quarte-
arenite is cemented by authigenic quartz in the form of overgrowth on originally rounded detrital grains. Camporte-
nese Pass, uppermost part of the San Donato sequence; EP 1612, x25, PPL. 6 &: Bioclastic packstone showing a well
rounded quartz grain together with smaller, subangular to subreunded grains of fine arenite-sized quartz. The view
shows a well preserved portion of o meracalcarenite from the appermost part of the San Donato sequence. Cam-
potenese Pass, EP 1609, x25, PPL.
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dolomites and by Jurassic-Lower Miocene meta-
limestones. In a few cases, very fine-grained me-
tawackes, still revealing distal turbidite structures,
are preserved in the uppermost part of the se-
quence. These immature siliciclastic deposits stra-
tigraphically overlie redeposited Miogypsina-
bearing metacalcarenites associated with subordi-
nate fine-grained quartzites characterized by
rounded single-crystal quartz grains of very fine
sand size (Fig. 6 a). A close examination of the
metacalcarenites (Fig. 6 b) reveals that the rede-
posited coarser materials include a moderate
amount (3-10% ) of Numidian-type quartz-grains
scattered through the dominant shelf-derived bio-
detritus (Miogypsina, Miogypsinoides, Amphi-
stegina, and reworked Cretaceous and Paleogene
macroforaminifers). Due to the greenschist me-
tamorphism, no microfossils are preserved, ex-
cept for the still identifiable macroforams which
indicate a vague Lower Miocene age of the Numi-
dian input.

ALBURNO-CERVATI UNIT

This unit (ScaNpONE 1972), widespread in the
south-western part of the Campania-Basilicata
arc, is derived from an Upper Triassic-Lower Mio-
cene persisting carbonate platform (see SARTONI
and CreEscENTI 1961; SELLI 1957, 1962) which be-
gan to sink below the phortic zone by the end of
the Burdigalian. Subsequently, it was turned into
a foredeep basin which became a site of a consid-
erable siliciclastic accumulation after the Langhi-
an. The shallow-water portion of the Alburno-
Cervati sequence consists of a thick pile of carbo-
nates displaying characteristics which point to a
quite uniform paleotectonic evolution. The most
important depositional steps include:

— subtidal to supratidal carbonate sedimentation
mostly indicative of lagoon restricted environ-
ments on a strongly subsiding platform (Upper
Triassic-Upper Cretaceous);

— low-energy shallow-water sedimentation on a
scarcely subsiding or stillstanding platform
(Paleocene-Lower Eocene). The corresponding
deposits are represented by some tens of metres
of muddy limestones with green marly intercala-
tions (Trentinara Formation, SELL 1962) usually
displaying nodular and flaser structures. These
structures, referable to intensive bioturbation and
burrowing, are outlined by thin discontinuous
layers of red-stained residual clays and are fre-
quently associated with hardground horizons;

— subaerial exposure, and local accumulation of
lateritic clays (Eocene-Oligocene) marking quite a
prolonged break of the tectonic subsidence of the

platform. The duration and the intensity of these
weathering processes were likely enhanced by the
Oligocene sea-level fall which corresponded to
the level of minimum lowstand according to the
global cycle charts of Vaw et al. (1977) and of
Hag et al. (1987);

— transgression on a shallow-water carbonate
ramp with more or less open-marine circulation
(Lower Miocene). The corresponding transgres-
sive sediments are represented by light to dark-
grey Miogypsina-rich biocalcarenites (Roccada-
spide p.p. and Cerchiara formations, SELLI 1957).

The Roccadaspide calcarenites display up-
section uniform shallow-water features (massive
to irregular, ill-defined bedding resulting from
thorough burrowing through muddy-textured sed-
iments). Only near the top of the sedimentary se-
quence a more regular bedding enhanced by con-
tinuous shaly partings suggests a gradual depth
increase of the sea floor. On the contrary, in the
Cerchiara Formation deeper-water conditions
were already reached near the base of the forma-
tion, as it is testified by the considerable amount
of planktonic forams admixed with benthonic fo-
rams and algal fragments. These broad and subtle
facies variations of the Miogypsina calcarenites
indicate that during the Early Miocene the
Alburno-Cervati domain was a gently sloped car-
bonate ramp-like profile. Towards the end of the
Late Burdigalian, a progressive submergence of
the carbonate ramp not compensated by sedimen-
tation led to a generalized drowning of the earlier
neritic belt. As a consequence, deeper-water sed-
imentation and transgressive lags became wide-
spread. In this stage, the Numidian-sand supply
came to reach the Alburno-Cervati depositional
domain.

The columnar sections of Figure 7 describe the
spectrum of the depositional facies before and
during the Numidian-sand supply. In these type-
successions, a widespread horizon of chaotic
boulder clays recording an important synsedimen-
tary tectonic event forms a useful key level for
regional correlations.

The Miocene deposits immediately underlying
the Numidian interval (interval & in Fig. 7) show
some significant lateral variations of facies which
indicate a certain complexity of the sea-floor phy-
siography of the Alburno-Cervati platform before
its incorporation into the Apennine foredeep.

In the Monte Soprano-Monte Chianello area
the pre-Numidian interval (upper portion of the
Roccadaspide Formarion) is represented by regu-
larly bedded grey-greenish glauconitic packstones
and wackestones indicative of sub-wave-base sed-
imentation on an incipiently-drowned carbonate



SERRAVALLIAN

LANGHIAN

L WIOCERE

OLIGDCENE
EOCENE

PALEOCERE

CIVITA -
CERCHIARA |

..

TORNO
25

E Lateritic clays
% Shales

| Marls and clayey maris

"« |More or less massive

biocolcarenites

Ed Calcilutites
rTE . iBuncﬂ!curenliai

Fic. 7 - Schematic columnar sections representative of the upper part of the Alburno-Cervati carbonate sequence.
Symbals (small letters, heavy bars, capital letrers and Arabic numerals) have been explained in Fig. 4.

Quartziferous bioccalcarenites
———

Quartzarenites

——— Arkosic sondstones

Epyrochﬂtic layers
@ Chootic boulder clays

£ 2% Carbonate debrites

309

HI19
1T
G 16,20
E
i
" - o Lad
DEL " < a
PEDALE | |+ 12
MONTE 21 | =G
RAPARELLO || bl
()
2 22 I' '!_'j.l <
-%: I| Lr'—g
- o
: (v

MONTE SOPRANO -
MONTE CHIANELLO

E Condensed calcilutites

-nnm-} Replocement charts

.a-"{a._ ILaw-nnqla planar cross bedding

.| Nedular structures and lenticular
bedding

@ Slumped beds



310

ramp near the photic zone. The corresponding
microfacies are dominated by coarse to medium-
sand-sized intraclasts with scattered open marine
biota including planktonic forams, rounded and
abraded algal fragments, Miogypsina shell debris
and echinoid spines. In addition, a consistent
amount of microquartz-preserved sponge spi-
cules is disseminated through the sediment, in
concomitance with a significant dilution of the al-
lochems by admixture of pyroclastic marerials
such as glass shards, fine-grained crystal or vitric
tuffs, plagioclases and pyroxenes (Figs. 8 ¢- f).
This penecontemporanecus volcanic activity (see
PERRONE 1987) is also recorded by the sporadic
occurrence of thin rtuffite layers (e.g. Capaccio
Vecchio quarry in the Monte Soprano area).

In the La Raja del Pedale area, the pre-
Numidian interval consists of pervasively bur-
rowed and nodular, slightly ruffaceous lime-
packstones mostly containing planktonic forams
and echinoid spines associated with very rare and
fragmented Miogypsrina. The overall small thick-
ness, the pervasive burrowing and the textural
inhomogeneity of the sediment withour any diag-
nostic physical sedimentary-structure indicate a
very slow and discontinuous accumulation on
morphological reliefs in correspondence of com-
pletely drowned portions of the Alburno-Cervati
platform.

In the Monte Raparello and Torno sections the
pre-Numidian interval consists of hemipelagic
marls irregularly interbedded with thin redeposi-
ted calcilutites and skeletal calcarenites, some of
which displaying distinctive features of rapid de-
position by turbidity currents. Occasional bands
and nodules of replacement chert associated with
a somewhat faint lenticularity due to bioturbation
have been observed. These facies indicate that the
sinking of the platform below the photic zone al-
lowed here the establishment of a basinal sedi-
mentation.

In the Civita-Cerchiara area, the interval a is
lacking. The absence is justified by the occurrence
of submarine erosional features which mark the
uppermost part of the Cerchiara Formarion.

In conclusion, the pre-Numidian interval in the

Alburno-Cervati succession represents every-
where a deepening sequence, in spite of the dif-
ferent sedimentary features. Where moderate
sinking occurred, the early shallow platform be-
came submerged to deprhs of several tens of
metres and sub-wave-base carbonate deposition
took place as the sedimenrtary upbuilding did not
compensate the tectonic subsidence (e.g. Monte
Soprano-Monte Chianello area). On more down-
warped portions of the platform the drowning
was complete and basinal deposits overlapped
deep-ramp carbonates (see Torno and Monte Ra-
parello areas).

Samples from marly interlayers in the upper-
most part of the interval a yielded everywhere the
same fossil assemblages. Calcareous nannofossils
are represented by Reticulofenestra daviessi, Cy-
clicargolithus abisectus, Coccolithus miopelagicus,
Cyclicargolithus flovidanus, Sphenolithus mori-
formis, Reticulofenestra spp., Coccolithus pelagi-
cus, Sphenolithus compactus, S. conicus, 5. abiers,
S, heteromorphbus. The foraminiferal contents,
usually very poor, mostly consist of few and badly
preserved specimens of Globigerinoides trilobus.

The interval influenced by the Numidian-sand
supply (interval b of Fig. 7) is represented every-
where by basinal deposits.

In the Monte Soprano-Monte Chianello area
(e.g. near San Michele chapel and near Capaccio
village) the interval 4 is represented by some tens
of metres of quartz-bearing massive biocalcare-
nites with dispersed pebble-sized carbonate clasts
and large shell debris of bivalves. Features of in-
ternal organization are usually lacking. The float-
ing lithoclasts include soft clasts derived from un-
lithified calcarenites of the Roccadaspide Forma-
tion and bored clasts of the underlying Trentinara
limestones. Occasionally, soft clasts of greenish
marls have been observed, scattered within the
largely remobilized sediment mass. Samples col-
lected from these marls revealed the same fossil
contents as those yielded by underlying marls of
the interval a. The arenitic fraction of this poorly
sorted sediment is dominated by displaced
shallow-water materials consisting of large fora-
minifers (Lepidocyclina, Amphistegina, Miogyp-

Fii. 8 - Microfacies of lithologies representative of the pre-Numidian and Numidian intervals of the Alburno-Cervati
Unit, as well as of the quartzarenites included as blocks in the chaotic boulder clay horizon, 8 a: fine sand-sized
quartzarenite with quartz grains and a few feldspars in a carbonate cement. Block in the chaotic boulder clay horizon
at La Raja del Pedale, EP 1494, x63, PPL. 8 §: #dsd, XPL. 8 ¢ - 8 f: lime packstone rich in volcaniclastic materials
{phenocrysts of plagioclase and pyroxenes, glass shards). In addition, Figures 8 & and 8 f show some sections of
microquartz-filled moulds of sponge spicules. Capaccio Vecchio quarry, Roccadaspide Formation, interval a (G posi-
tion in Fig. 7), EP 1527, x25, PPL. 8 g and 8 A: bioclastic packstone with fine to medium sand sized quartz-grains,
some of them very well rounded in shape. Capaccio, interval b (H position in Fig. 7), EP 1525, x25, PPL.



sina, Miogypsinoides, ewc.), echinoid spines, frag- lithoclasts. Variable amounts of pelagic bioclasts,
ments of calcareous algae, bryozoan debris, mol- rounded quartz-grains (single-crystal or semi-
lusk shells (Pecten, oysters), broken portions of composite grains), volcanic plagioclases and sub-
barnacles, crushed worm tubes, coids and neritic ordinate glass-shards are also present (see Figs. 8
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g, ). Overall structural and textural characteris-
tics point to a highly-concentrated mass-flow
deposit on a gently inclined depositional slope,
probably emplaced by debris-flow mechanisms.

In the La Raia del Pedale succession, the inter-
val 4 is lacking, owing to a hiatus in the deposi-
tional record testified by the occurrence of hard-
ground surfaces on top of the interval a. These
lag deposits display a highly irregular convolute
sculpture and are often strewn with angular in-
traclasts.

In the Monte Raparello and Torno sections,
the Numidian-sand supply is recorded both by
fine-grained quartzarenite beds and by scattered
rounded quartz-grains which form the minor de-
trital component of lime turbidites in a basinal
sequence known as Bifurto Formarion in the geo-
logical literature (SELLr 1957). A close examina-
tion of these sequences reveals that the interval 4
may be subdivided into two portions. The lower
portion consists of redeposited calcilutites and
slightly quartzose turbiditic biocalcarenites both
displaying replacement chert nodules (Figs. 9 e,
g), as well as of subordinate fine-grained quart-
zarenites (Figs. 9 4, f) interbedded with massive
marls and shales. These more or less thick peliric
layers were partly accumulated by a slow pelagic
settling, but in the greatest part were deposited
from dilute tails of turbidity currents (E Bouma
interval). In addition, the lower part of the inter-
val 4 in the Monte Raparello section shows
slightly ondulose and irregular bed surfaces which

account for a bioturbation activity which modified
the primary structures of the slowly-accumulated
current-laid layers. In addition to the discontinu-
ous and variable amount of quartz-sand supply,
the redeposited materials include platform-
derived detritus supplied from shallow-water
areas not yet submerged below the photic zone
{benthonic forams, oolites, lime clasts, bryozoan
fronds, worm tubes, coralline algae etc.), as well
as abundant pelagic material (essentially plank-
tonic forams) of intrabasinal origin. The upper
portion of the interval 4 is characterized by
slumped quarrzarenite layers deposited on a
steeper slope. We believe that this part of the se-
quence marks the beginning of the incorporation
of the Alburno-Cervati domain into the Apennin-
ic foredeep.

In the Civita-Cerchiara section, the interval b is
represented by slump deposits up to some metres
thick, intercalated (Cerchiara) by undisturbed bio-
clastic calciturbidites displaying parallel thin bed-
ding and normal grading. In thin section, the cal-
citurbidites appear as a densely packed biomicrite
with planktonic and benthonic foraminifers asso-
ciated with fragments of Briozea and coralline al-
gae. The slump sheets reveal an highly penetra-
tive plastic deformation, the sedimentary layering
having been completely obliterated and the origi-
nal sediment having been remobilized into a
poorly-sorted lime-breccia. The latter consists of
angular to subangular pebbles with subparallel
orientation and granules floating in a structure-

Fic. 9 - Microfacies of lithologies representative of the Numidian interval of the Alburno-Cervati sequence as well as
of the chaotic boulder clay horizon. 9 a: coarse to very fine grained quartzarenite with badly sorted and relatively
well rounded quarez grains set in a brownish clay martrix stained by opaque iron oxides. The grains almost entirely
consist of monocrystalline quartz often with uniform extinction. Cerchiara di Calabria, interval b (B position in Fig.
7), EP 15894, x25, PPL. 9 & id.id., XPL. 9 ¢: lime packstone with a medium sand-sized monocrystalline grain having
rounded shape and uniform extinction, The packstone shows a pervasive grain to grain pressure-solution. Most of
the carbonate grain boundaries have been modified and the rock is pervaded by thin dark seams with fine saw-tooth
appearence. The twinned calcite crystal in the upper lefe-hand side of the picture is a speckled echinoderm plate
which underwent selective dissolution togecher with the syntaxial overgrowth. Cerchiara di Calabria, interval b (A
position in Fig. 7), EP 1600, x63, PPL. 9 & very fine grained quartzarenite with randomly scattered heavy minerals
(high relief in the picture) and opaque minerals. The detrital grains are lined by clay minerals which evidence the
relatively rounded shape of the original detrital particles. The original shape of the grains is often not recognizable
because of pervasive overgrowth. Torno, interval b (C position in Fig. 7), EP 1615, x25, PPL. 9 e: bioclastic pack-
stone with dispersed detrital monocrystalline quartz-grains of fine arenitic size and subangular o subrounded shape.
The bioclasts include planktonic and benthonic forams and coralline algae. Monte Raparello, interval b (D position
in Fig. 7), EP 1548, x25, PPL. 9 f: very fine grained quartzarenite with a carbonate cement (high relief in the
photograph). This wiew shows some well rounded quartz grains admixed with other grains whose original shape
has been largely obscured by effects of compaction and cementation. Monte Raparello, interval b (E position in Fig,
7), EP 1550, x 63, PPL. 9 g: slightly quartzose bioclastic packstone with plankronic forams, Lepidocyclina and other
benthonic forams. The terrigenous input is merely represented by fine sand-sized quartz-grains with subangular to
subrounded shape. Monte Raparello, interval b (F position in Fig. 7), EP 1554, x25, PPL. 9 b: Miogypsina-rich
bioclastic packstone. In the upper left-hand side of the picture a broken and well rounded fine sand-sized quartz-
grain is present, Block in rhe chaotic boulder clay horizon at La Raja del Pedale, EP 1493, x25, PPL.
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less marly and slightly quartzose biocalcarenite
matrix (Fig. 9 ¢). In addition, originally continu-
ous quartzarenite beds (Figs. 9 4, &) appear tip-
ically disrupted into phacoids or into elongate
lenticular bodies displaying tight recumnbent folds
with axial planes parallel to the bedding. All li-
thic clasts of the lime breccia are derived from the
immediately underlying carbonate lithologies.
The dominant materials are derived from the
Cerchiara Formarion and clearly appear to have
been sheared and merged with the matrix during
the mass flow, revealing their incomplete lithifi-
cation before the remobilization. In contrast, the
early lithified shallow-platform clasts (mostly de-
rived from the Trentinara Formation) still retain
their primary depositional texture. The above
described interval of the Civita-Cerchiara section
likely corresponds to the lower portion of the in-
terval & of Monte Raparello and Torno sections.
This correlation is also supported by the occur-
rence of slumped Numidian quartzarenites in the
Civita-Cerchiara area just above the quartz-
bearing lime breccias, even though the contacts
are not well exposed. The absence of more con-
tinuous quartzarenite beds, as well as the occur-
rence of rock fragments derived from the Tren-
tinara and Cerchiara formations may be justified
by admitting the existence of slopes where lower
Miocene and pre-Miocene carbonates were ex-
posed.

Samples from hemipelagic marls interbedded
with the resediments of the interval & in the
Monte Raparello and Cerchiara sections revealed
the same fossil assemblages. The calcareous nan-
noplankton is represented by Reticulofenestra
daviesii, Coccolithus miopelagicus, Cyclicargoli-
thus floridanus, Sphenolithus moriformis, Reticu-
lofenestra spp., Coccolithus pelagicus, Sphenoli-
thus compactus, S. conicus, §. abies, Reticulofe-
nestra preudoumbilices. The foraminiferal associ-
ation includes Globorotalia acrostoma, Globige-
rina pracbulloides, Globorotalia continwosa and
Globigerinoides trilobus.

After the Numidian-sand supply the sedimen-
tary features of the Alburno-Cervati domain were
entirely controlled by the eastward migration of
the thrust belt-foredeep system with the conse-
quent incorporation of the Alburno-Cervati fore-
land domain into a foredeep basin. The foredeep
siliciclastic accumulation is well recorded in the
Civita section by a succession of immature arkosic
sandstones (interval ¢ in Fig. 7) which overlie the
quartz-rich interval (). On the contrary, the La
Raja del Pedale section shows that this area per-
sisted as a foreland scructural high ac least up to

the late Serravallian (?) before its definitive in-
corporation into the orogenic system.

In all investigated sections, the interval ¢ is fol-
lowed by a thick horizon of chaotic boulder clays
which more often disconformably overlies the
Numidian interval (see Fig. 7). This chaotic ho-
rizon includes huge blocks and slides of Numidian
sandstones (Figs. 8 a, 5) often associated with re-
sedimented biocalcarenites (Fig. 8 /), angular
pebbles and blocks of Cretaceous and Tertiary
shallow-water carbonates, olistostromes and
slides of lithologies referable to the Sicilide Unit.
The chaortic boulder clays, stratigraphically over-
lain by a thick pile of turbiditic litharenites, mark
a significant tectonic event well recorded in the
whole Alburno-Cervari depositional domain when
it was definitively playing the role of a foredeep
basin. Samples from the shaly partings of the
Numidian quartzarenites included as slides in the
chaotic horizon revealed the same age of the oth-
er investigated Numidian sandstones. The cal-
careous nannofossil contents comprise Cyclicargo-
lithur abisectus, Coccolithus miopelagicus, Cycli-
cargolithus floridanus, Helicosphera intermedia,
Discoaster deflandrei, Reticulofenestra spp., Coc-
colithus pelagicus, Sphenolithus compactus, §. co-
nicus, Geminilithella rotula, Sphenolithus abies,
Discoaster wvariabilis, Sphenolithus heteromor-
phus, Discoaster cfr. exilis, Reticulofenestra pseu-
doumbilicus. The planktonic forams, here very
rare, are represented by Globoguadrina debiscens
and Globorotalia continuosa.

According to the current literature (see, e.g.,
IrrouTo et al. 1975, ScanpoNg 1972, SGROSsO
1981) the Alburno-Cervati Unit was involved in

(') Several samples collected from this interval re-
sulted barren.

(*) In the La Raja del Pedale and in the Sanza-
Caselle in Pictari areas, hemipelagic condensed de-
posits  underlying the chaoric-boulder-clay horizon
yvielded the following calcareous-nannofossil contents:
Reticulofenestra davierii, Sphenolithus conicus, Cyeli-
cargolithus abisectus, Helicosphaera aff. obligua, Coc-
calithus miopelagicus, Cyclicargolithur  flovidanus,
Sphenolithus moriformis, Helicospbaera intermedia,
Dircoaster deflandres, Coceolithus pelagicns, Sphenoli-
thus compactus, Helicosphbaera mediterranea, H. carte-
ri, Sphenolithus abies, Discoaster variabilis, D. exilis,
Helicosphaera cfr. waltrans, Calcidirens cfr. premacin-
tyred, Reticulofenestra prendonmbilicus, Discoaster in-
tercalaris, D. bromweri, D. prendovariabilis, Sphenoli-
thus neoabies, Discoaster aff. kuglers, D. aff. rubsurcu-
lus. The presence of Discoaster brosweri, D. prendo-
variabilis and Sphenolithus neoabier points to an age
not older than the late Serravallian.



the orogenic transport and overthrust the west-
ern flank of the Lagonegro basin during a Burdi-
galian/Langhian tectonic phase. Following this
picture, SANTO and SGrosso (1988) artributed the
chaotic boulder clays and the arkosic sandstones
to an upper Burdigalian-(?)Langhian sedimentary
cycle (') unconformably deposited over the
Alburno-Cervati Unit after the sedimentation of
the Numidian quartzarenites and after a Burdigal-
ian compression. The change of sedimentation
from the Numidian quartzarenites to the arkosic
sandstones of the Civita section certainly corres-
ponds to an important orogenic input, but our bio-
stratigraphical results show that this change of
petrographic composition did not occur before
late Langhian rimes and probably took place near
the Langhian-Serravallian boundary. Further-
more, we can exclude thar the Alburno-Cervari
Unit underwent severe compression and orogenic
transport in Burdigalian or Langhian times (as it
is usually reported in the geological literature)
since upper Serravallian pre-orogenic deposits
conformably overlie still-standing portion of the
sinking carbonate platform not yet incorporated
in the Apenninic foredeep. In conclusion, it seems
us more likely that the abrupt compositional
change from the Numidian quartzarenites
to the arkosic sandstones represents the sedimen-
tary record, in far field, of the tectonic event re-
sponsible for the metamorphism and cthe first
orogenic transport of the Verbicaro and San Do-
nato units.

MONTE FORAPORTA UNIT

This unit (ScaNDONE 1972), tectonically sand-
wiched between the Monti della Maddalena and
the Alburno-Cervati units, has not been cartogra-
phically distinguished in Figure 1 from the
Alburno-Cervati carbonates because of the scanti-
ness of its outcrops. No Numidian quartzarenites
are referable to the Monte Foraporta Unit, the
preserved part of the original sedimentary se-
quence (BoNARDI 1966; Bowni et 4l 1974; D AL
FIERI et al. 1986; PAPPONE et af. 1988) being mere-
ly represented by Rhaetian (?)-Middle Jurassic
basinal carbonates and marls.

('} Sawro and Scrosso (1988) recognized Dircoarter
awlakos, D. deflandrei, D. druggis, D. nepbados, D. va-
riabilis, as well as Globigerina druryi, G. tripartita,
Globigerinoides bisphericus, Gd. trilobus, Globogua-
drina altirpira, Gg. debiscens in deposits ("Raganello
Formation"”) ateributed to the chaotic boulder clays, bur
actually corresponding to the quartz-bearing lime brec-
cias of the interval & in the present paper.

315

MonTi DELLA MaDDALENA UNiT

The Monti della Maddalena Unit (ScanDONE
1972) is clearly defined in the southern part of
the Campania-Basilicata arc (see Boni et al. 1974;
ScanponNE and Bonarpl 1968). North of the Val-
lo di Diano area, the real extent of this unit is
uncertain, Therefore, the ateribution of the Mar-
zano, Picentini, Latrari and Caserta mountains to
the Monti della Maddalena Unit is still hypotheti-
cal.

In the Monti della Maddalena region and along
the northern foor of Monte Marzano (?), the sed-
imentary sequence is represented by Upper
Triassic-Lower Jurassic shallow-water carbonates
followed by slope and basin resediments of Mid-
dle Jurassic-Middle p.p. Miocene age (Cocco et al.
1974; MArN 1968; MarsELLA and PAPPONE 1986;
ParroNe 1988; ScanDoONE and BowarD! 1968:
SELLI 1957; SGROssO 1966), and finally by Upper
Miocene siliciclastic flysch deposits. The slope
sedimentation, recorded by periplatform ralus
breccias, debrites and graded calcarenites, was re-
peatedly interrupted by sedimentary gaps marked
by hard-ground horizons and more frequently by
intraformarional truncation-surfaces. In addition,
an important discontinuity at the base of the
Lower Miocene deposits is manifested by a gener-
alized absence of Oligocene sediments. In a few
places of the Monti della Maddalena region (e.g.
western slope of Serra del Corno) and along the
northern foot of Monte Marzano (e.g. Laviano)
more complete sequences are exposed, revealing
the occurrence of real Numidian quartzarenites or
the presence of quartz-bearing limestones. In
these cases, a marly interval some tens of metres
thick usually precedes the quartz-rich interval.

Figure 10 describes two stratigraphic sections.
The first one is represented by slope deposits
cropping out along the western margin of Serra
del Corno; the second one is a composite column
reconstructed from several outcrops exposed near
Laviano village which show base-of-slope to basin
deposits.

In the Serra del Corno section, the lower part
of the pre-Numidian interval (interval a) consists
of some metres of light-coloured marls felted by

(*) The Monte Marzano region is located north of
the area where the Monti della Maddalena Unit has
been carefully mapped. Nevertheless, the attribution
of the Monte Marzano carbonate masses to the Monti
della Maddalena Unit is supported by several geologi-
cal evidences (see Marivt 1967; PescaTore 1965a).
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Fi 10 - Schemartic columnar sections of the upper part of the Monti della Maddalena carbonate sequence and
examples of microfacies. 10 @ - 10 ¢ spicule-rich packstone with dispersed very fine to fine sand-sized plagioclase
{e.g. above the axial section of the spicule in Fig. 10 &) and quartz grains some of them (e.g. Fig. 10 ¢) well rounded.
Laviano, interval b (A position in the columnar section), EP 1621, 10 @ and 10 & x 25, 10 ¢ x63, PPL,



siliceous sponge spicules, interlayered with thin-
bedded foraminiferal lime wackestones. Up-
secrion, a few metres of early-lithified debrites
displaying mud-filled tensional fissures and fine-
grained detrital limestones follow, both inter-
layered with greenish marls and clays. In the La-
viano section, the pre-Numidian interval overlies
disconformably Upper Cretaceous-Eocene slope
carbonates and is represented by thin-bedded cal-
carenite and calcisiltite rurbidites interlayered
with (hemi)pelagic marls. The calcarenites, textu-
rally grain-supported packstones, contain a com-
minuted shelf-derived carbonate detritus (intrac-
lasts, micritized bioclasts, coralline algae, ben-
thonic forams) admixed with abundant plankton-
ic foraminifers, some of which reworked from
Cretaceous and Eocene sediments. The upper part
of the pre-Numidian interval is characterized by
green shaly marls with intervening thin-bedded
pyroclastic layers and slightly siliceous redeposit-
ed calcisiltites rich in sponge spicules. The inter-
turbidite marls of the Laviano section and the
shaly-marly interbeds of the Serra del Corno sec-
tion revealed rthe same micro and nannofossil
contents. The calcareous nannofossils comprise
Reticulofenestra daviessi, Cyclicargolithus abisec-
tus, Helicosphaera enphratis, Coccolithus miope-
lagicus, Cyclicargolithus floridanus, Sphenolithus
moriformis, Helicosphaera intermedia, Discoaster
deflandrei, Reticulofenestra spp., Coccolithus pe-
lagicus, Helicosphaera carteri, Sphenolithus com-
pactus, 8. conicus, Geminilithella rotula, Sphenoli-
thus abies, Discoaster variabilis, Sphenolithus
heteromorphus, Reticulofenestra presdoumbili-
cus. The foraminiferal assemblages include Catap-
sidrax dissimilis, Globorotalia siakensis, Globiger-
ina pracbulloides, Globorotalia psendocontinuosa
and Globigerinoides trilobus. The same paleonto-
logical association was found in equivalent marls
collected ar Monte Castelluccio and near Atena
Lucana village (see Table 2).

The Numidian-sand input is recorded both in
slope and basinal sequences. In slope deposits,
like the Serra del Corno section, the Numidian
interval (interval £) is represented by disrupred
quartzarenite beds confined within huge sheets of
remobilized carbonate masses. In this contorted
and discordant chaotic interval, large-scale trans-
lational slides and thick slumped bodies have
been observed. The slump bodies consist of lime
breccias and marly calcisiltites affected by severe
internal deformation and often remobilized into
conglomerate-textured debrites with clasts set in
a pervasive muddy matrix rich in sponge spicules.
On the contrary, the translational slides show
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clear basal shear-surfaces and still preserved orig-
inal bedding. The major lithologies comprise
platform and slope-derived lime-breccias and
graded biocalcarenites. Samples collected from
clayey interbeds of the discontinuously interven-
ing quartzarenites yielded Cyclicargolithus abisec-
tus, C. floridanus, Sphenolithus moriformis, Dis-
coaster deflandres, Coccolithus pelagicus, Spheno-
lithus abies, Discoaster variabilis, as well as Ca-
tapsidrax  dissimilis, Globigerina praebulloides
and Globorotalia prendocontinuosa. In basinal se-
quences, like the Laviano section, the Numidian-
sand supply is recorded either by the presence of
massive quartzarenite beds, or by the occurrence
of rounded quartz-grains dispersed among the
lime constituents of thin-bedded calciturbidites.
The latrer consist of lime packstones with abund-
ant biogenic components (dominant sponge spic-
ules, radiolarians and planktonic forams) admixed
with shelf-derived fines (Figs. 10 a-¢). Minor
amounts of volcanic plagioclases are also present.

LAGONEGRO UNITS

The Lagonegro units (SCANDONE 1967, 1972)
are widespread over the south-eastern part of the
Campania-Basilicata arc. In the northern portion
of the arc, they crop out near Salerno in a few
tectonic windows (IETTO 1963a, 1963b; SCANDONE
et al. 1967, Turco 1976). The existence of the
Lagonegro units in the Sannio-Molise region is
still questionable. We think that most of the sedi-
ments attributed ro the Lagonegro units in this
area (see ORTOLANI et al. 1975) acrually belong to
the Sannio Nappe. In the type-area, the sequence
(see, among many Authors, CIARAPICA et al. 1988;
De Caroa BowarDl 1969; Marseria 1988; M
CONNET 1983, 1987, 1988; ScanpoNE 1967, 1972;
Woop 1981) consists of Middle Triassic to Lower
Miocene basinal deposits generally indicating
deep-sea sedimentation, sometimes (Upper
Jurassic-Lower Cretaceous) exceeding the CCD,
followed by Numidian quartzarenites. It is inter-
esting to point out that the Tertiary deposits be-
longing to the Lagonegro units are usually lacking
and only in a few outcrops the stratigraphic se-
quence includes the Numidian quartzarenites.
The generalized absence of Tertiary deposits in
the Lagonegro units has been justified (see CaAr-
BONE et al. 1988) by admitting a regional detach-
ment of the upper part of the sequence from the
Triassic-Cretaceous portion and a consequent
eastward rectonic transport. We investigated sedi-
mentary sections certainly belonging to the La-
gonegro Upper Unit, where the latter appears
tectonically overlain by the Monti della Maddale-
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na carbonates. In these sections, the Numidian
quartzarenites are systematically preceded by ba-
sinal deposits made up of even-bedded spicule
rich calcarenites with marl interlayers. All sam-
ples collected from the clayey interbeds of the
Numidian quartzarenites resulted barren or
scarcely significant. Conversely, the underlying
green marls, collected near Sant’Angelo Le Fratte
village and at La Rotonda di Monte Marmo (see
Table 2) provided Cyclicargolithus abisectus, Coe-
colithus miopelagicus, Cyclicargolithus floridanus,
Sphenolithus moriformis, Discoaster deflandres,
Reticulofenestra spp, Coccolithus pelagicus,
Sphenolithus compactus, S. conicus, S. abies and
Calcidiscus leptoporus among the calcareous nan-
nofossils, as well as Globigerinoides trilobus
among the planktonic foraminifers.

MaTesE UniT

The Matese Unit (D' ARGENIO et al. 1972; [ppo-
uto et al. 1975), widely exposed in the Latium-
Campania region, is represented by a thick pile of
Upper Triassic to Upper Cretaceous restricted-
platform carbonates (see, among many Authors,
CaTENACC et al. 1963; D’ARGENIO and PESCATORE
1962; PescaTorE and VALLARIO 1963; SARTONI
and CreEscenTI 1961) with an Albian-Cenomanian
regional gap marked by widespread bauxite de-
posits. The Mesozoic carbonate sequence is dis-
conformably overlain (Ciampo et al. 1987; OGnI-
BEN 1956; SeLu 1957) by Lower-Middle Miocene
limestones and marly limestones grading upwards
to Upper Miocene siliciclastic flysch deposits.
Numidian sands did not reach the Matese paleo-
geographic realm, since here the shallow-water
carbonate platform began to undergo flexural
sinking only in Serravallian times.

FRrROSOLONE AND AGNONE UNITS

These units (see ID’ARGENIO et al, 1972; IrpoLI-
1O et al. 1975), widespread in the Molise region,
are constitured of Jurassic to Miocene slope and
basin lime resediments (CLERMONTE 1977; CLER-
MONTE and PiroNON 1979; MANFREDINI 1963;
PescaToRE 1965b; Pieri 1966; SicnoriNi 1961;
SignoriNI and DevoTto 1962) followed (SGrosso

et al. 1988) by a thick sequence of Messinian
flysch deposits. No Numidian quartzarenites have
been found in these units up to now. This absence
may probably be due to the existence of morpho-
logical barriers which prevented the quartz-sand
supply from the south.

TuFiLLo AND DAUNIA UNITS

The Tufillo and Daunia thrust sheets form the
most external Molise tectonic units; they extend
from Abruzzi to the Taranto Gulf all along the
outer margin of the Apennines.

The Tufillo sequence (see Molise Nappe p.p.
and Tufillo Formation, as well as Serra Palazzo
Formation in SeLL 1962) consists of Oligo-
cene(?)-Lower Miocene varicoloured clays and
lime debrites followed by Middle-Upper Miocene
hemipelagic marly limestones frequently dis-
placed by slumping. The latter grade upwards to
Messinian siliciclastic flysch deposits. More or
less thick intercalations of Numidian quartzare-
nite beds and of arkosic litharenites characterize
respectively the lower and the middle/upper
parts of the hemipelagic limestones. The thick-
ness of the Numidian quartzarenites decreases
from south to north, that is from Basilicata to the
Abruzzi-Molise region. Several sections represen-
tative of the lower-middle part of the sequence
have been described by Boenzi et al. (1968); CEN-
TAMORE et af, (1970, 1971); CIARANF et al. (1973);
CRESCENTI (1967); DEL PRETE (1979); PALMENTO-
LA (1967, 1970); WEZEL (1966).

The Daunia sequence (CENTAMORE et al. 1970,
1971; CenTaMORE and VALLETTA 1968; CIARANFI
et al. 1973; CrosTELLA and VEzzan 1964; Daz-
ZARO et al. 1988; Dazzaro and Rarisarpi 1984;
D1 NociRA and Torrg 1987; SANTO and SENA-
TORE 1988) broadly displays lithologies and depo-
sitional features very similar to those which char-
acrerize the Tufillo Unit. The principal differen-
ces are expressed by the absence of the arkosic
litharenites, by the distal features of the siliciclas-
tic flysch deposits and by the occurrence of Mes-
sinian evaporites.

Figure 11 shows two columnar sections repre-

Fic 11 - Schematic columnar sections showing the position of the Numidian quartzarenites in the Tufillo and
Daunia sequences and examples of microfacies. Symbols (small letters, heavy bars, capital letters and Arabic numer-
als) have been explained in Fig. 4. 11 a and 11 4: bioclastic packstone rich in spicules preserved as moulds filled by
microquartz. Castiglione Messer Marino, interval b (B position in the Tufillo columnar section), EP 1286, x25, PPL.
11 ¢ foraminiferal packstone with small plagioclase crystals. Castiglione Messer Marino, interval b (B position in the
Tufillo columnar section), EP 1288, x63, XPL. 11 d and 11 e: bioclastic packstones with plagioclase phenocrysts
(extreme right-hand side of photograph e). Castiglione Messer Marino, interval a (A position in the Tufillo colum-

nar section), 11 & EP 1285, 11 ¢ EP 1284, x25, PPL.
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sentative of the lower portions of the Tufillo
(Castiglione Messer Marino and San Felice areas)
and Daunia units (Carpineto di Sinello area).

Near Castiglione Messer Marino village, the
pre-Numidian interval (interval a) consists of
thick-bedded lime breccias and coarse-grained bio-
calcarenites regularly interlayered with varico-
loured clays. The redeposited lime beds imme-
diately underlying the quartzarenites are very rich
in bioclastic material such as echinoid spines,
broken Dentaliwm tubes, mollusk shell- frag-
ments, coralline algae and benthonic forams (Mqo-
gypsina, Ampbistegina, Lepidocyclina, Elphidium.
The coarser, granule sized components are essen-
tially represented by platform-derived lithoclasts
and chert fragments (Fig. 11 2). Minor amounts
of sand-sized volcanic debris (mostly wvolcanic
rock-fragments and plagioclase) are also present.
Samples from clayey interlayers immediately be-
low the Numidian quartzarenites (interval a4 in
Fig. 11) revealed Coccolithus miopelagicus, Cycli-
cargolithus flovidanus, Sphenolithus moriformis,
Helicospbaera intermedia, Reticulofenestra spp.,
Coccolithus  pelagicus, Helicosphaera carteri,
Sphenolithus compactus, S. conicus, Helicosphae-
ra ampliaperta, Discoaster exilis, Calcidiscus pre-
macintyrei, Reticulofenestra preudoumbilicus.
The foraminiferal contents are merely represent-
ed by Globigerinosdes trilobus.

In the San Felice and Castiglione Messer Mari-
no sections the Numidian interval (interval &) is
represented by some metres of yellowish quartz-
arenites containing in the upper part thicker mar-
ly interlayers and slightly quartzose biocalcaren-
ites rich in sponge spicules (Fig. 11 4). The cal-
careous nannofossils from the marly interlayers
comprise Reticulofenestra daviessi, Cyclicargoli-
thus abisectus, Coccolithus miopelagicus, Cyclicar-
golithus flovidanus, Sphenolithus moriformis, He-
licosphaera intermedia, Discoaster deflandrei, Re-
ticulofenestra spp., Coccolithus pelagicus, Corono-
cyclus mitescens, Helicosphaera carteri, Trigue-
trovbabdulus milows, Sphenolithus compactus,
Helicosphaera mediterranea, Sphenolithus coni-
cus, Discoaster druggsi, Helicosphaera ampliaper-
ta, Geminilithella rotula, Sphenolithus abies, Di-
scoaster vartabilis, Sphenolithus heteromorphus,
Discoaster exilis, Calcidiscus leptoporus, Helico-
sphaera waltrans, Reticulofenestra psendoumbili-
cus. The planktonic forams are in turn represen-
ted by Globarotalia acrostoma, Gb. siakensis, Glo-
bigerina praebulloides, Globogquadrina debiscens,
Globorotalia continuosa, Globigerina falconensis,
Globigerinoides subguadratus, Globorotalia prae-
scitula, Globigerinoides belicinus, Gd. bisphericus,
Globoguadrina langhiana, Globorotalia mayeri.

The Numidian quartzarenites are stratigraphi-
cally overlain by whitish foraminiferal limestones
with intercalations of black (hemi)pelagic clays (in-
terval ¢ in Fig. 11). The clayey interlayers yielded
Reticulofenestra daviessi, Cyclicargolithus abisec-
tus, Coccolithus miopelagicus, Cyclicargolithus flo-
ridanus, Sphenolithus moriformis, Helicosphaera
sntermedia, Discoaster deflandrei, Reticulofenestra
spp., Coccolithus pelagicus, Coronocyclus nitescens,
Helicosphaera carteri, Triguetrorbabdulus milowis,
Helicosphaera mediterranea, Sphenolithus conicus,
Helicosphaera ampliaperta, Geminilithella rotula,
Discoaster variabilis, Sphenolithus heteromor-
phus, Helicosphaera waltrans, Reticulofenestra
psendoumbilicus. In the same interlayers, the
planktonic-foram contents are represented by Ca-
tapsidrax dissimilis, Globorotalia acrostoma, Gb.
stakensis, Globigerina praebulloides, Globorotalia
psendocontinwosa, Globoguadrina debiscens, Glo-
borotalia continuosa, Globigerina falconensis, Glo-
bigerinoides trilobus, Globoguadrina altispira, Glo-
bigerinoides bisphericus, Globoguadrina langbiana
and Globorotalia mayeri.

In the Carpineto di Sinello section, the Numi-
dian interval (interval & in Fig. 11) is represented
by thick-bedded quartzarenites deposited by
gravity-flow mechanisms, intercalated with
slumped masses of graded biocalcarenites, spicule-
rich calcisiltites and whitish marls. Samples col-
lected from the upper part of the quartz-rich in-
terval yielded Cyclicargolithus abisectus, Coccoli-
thus miopelagicus, Cyclicargolithus floridanus,
Sphenolithus moriformis, Discoaster deflandrei,
Reticulofenestra spp., Coccolithus pelagicus, Co-
ronocyclus nitescens, Helicosphaera carters,
Sphenolithus compactus, S. conicus, Helicosphae-
ra ampliaperta, Discoaster variabilis, Sphenoli-
thus heteromorphus, Calcidiscus leptoporus, C.
macintyrei, Reticulofenestra pseudowmbilicus.
The planktonic-foram assemblage includes Glo-
borotalia acrostoma, Gb. siakensis, Globigerina
praebulloides, Globorotalia obesa, Gb. continuosa,
Globigerina falconensis, Globigerinoides subgua-
dratus, Gd. trilobus, Gd. bisphericus.

ScONTRONE-PORRARA AND MAIELLA UNITS

This group of units, well exposed in the
northwestern part of the area shown in Figure I,
includes Mesozoic-Tertiary carbonates (see Ac
CORDI et al. 1988 and references therein) confor-
mably overlain by Upper Miocene and Lower Plio-
cene terrigenous flysch-deposits. Southwards,
these units crop out only in the Monte Alpi area
and, dubiously, in the Campagna tectonic window
east of Salerno. Nevertheless, this carbonate



thrust-system has been recognized on seismic
lines and has been reached by commercial bore-
holes as far as the Taranto Gulf (see "Inner Apu-
lia Platform” p.p., in MosTAarDINI and MERLINI
1986). No Numidian quartzarenites are recorded
in these units, since the sinking of the corre-
sponding shallow platform areas took place only
in late Miocene times.

CasoL anD BoMBa UNITS

These units, identified by subsurface explora-
tion, are known to extend from the Abruzzi re-
gion to the Taranto Gulf. The sedimentary se-
quences consist of Mesozoic-Tertiary carbonates
overlain by Messinian evaporites and subsequent-
ly by Lower-Middle Pliocene terrigenous depo-
sits ('). The absence of Numidian sandstones in
these units is ascribed to persisting mor-
phological-high conditions of the Casoli and
Bomba platform-domains up to the Early Plio-
cene.

INnnER APULIA BasiN

The existence of a narrow and elongate basin
between the Casoli-Bomba and the Apulia
platform-domains is documented by seismic in-
formation and by drilling results (see MoSTARDINI
and MEerLiNI 1986). No Numidian quartzarenites
have been noticed in the drilled sequences up to
now.

MICROPALEONTOLOGICAL RESULTS
AND BIOSTRATIGRAPHIC CONSIDER-
ATIONS

The reference time scale we have adopted in
order to date the Numidian-sand event in the
Southern Apennines follows, with slight modifi-
cations, the BERGGREN et a/. (1985) calibration of
the Brow (1969} foraminiferal zonation and of
the Magrtinvt (1971) and Orapa and Bukry
(1980) nannofossil zonation. The modifications
concern the position of the chronostratigraphic
boundaries which define the Burdigalian and the
Langhian stages, which have been fixed according
to the zonal scheme of laccarino (1985). The
nannofossil ranges (see Table 2) follow PErcH-
NIetseN (1985) and THeoporDis (1984), inte-
grated by data coming from Auery (1984, 1988),

(') The upper part of the Casoli Unit, represented
by Lower-Middle Pliocene clays and siltstones, crops
out in Eastern Abruzzi near the Casoli village,
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FORNACIARI et al. (1990), GALLANGER (1987) JANG
and GARTNER (1984), NEGRI (1988), PARKER et al.
(1985), Pujos (1985), Rio et al. (1990). The dis-
tribution of the planktonic foraminifers closely
follows laccarino (1985).

Our micropaleontological data have been as-
sembled into three groups (see Table 3):
— data concerning the sediments immediately
underlying the Numidian quartzarenites. Where
no Numidian quartzarenite beds are developed,
the data refer to the sediments immediately un-
derlying lime deposits including well-rounded
quartz grains which appear, in any case, influ-
enced by the Numidian sedimentary input (pre-
Numidian interval in Tables 1 and 3 and interval
a in Figs. 4,7, 10, 11);
— darta concerning the lithologic interval corre-
sponding to the Numidian-sand supply (Numidi-
an interval in Tables 1 and 3 and interval & in
Figs. 4,7, 10, 11);
— data concerning the sediments immediately
overlying the Numidian quartzarenites or the
quartz-bearing lime deposits (post-Numidian inter-
valin Tables 1 and 3 and interval ¢ in Figs. 4,7, 11).

A summary of the micropaleontological data is
given as a synoptical assemblage in Table 3. The
incompleteness of the informartion is due to sev-
eral factors. The lack of information abour de-
posits corresponding to the Numidian and post-
Numidian intervals in the Verbicaro Unit, as well
as on post-Numidian deposits in the Monti della
Maddalena and Lagonegro units is ascribed to the
absence of outcrops certainly belonging to these
units. The absence of micropaleontological data
about the pre-Numidian and post-Numidian de-
posits of the Daunia Unit, as well as the lack of
informarion about the Numidian interval of the
Lagonegro units, is due to the incompleteness of
our sampling related to non-continuous or non-
exposed sections which prevented detailed inves-
tigations. Finally, researches in the post-
Numidian deposits of the Alburno-Cervati Unit
were fruitless since the interval resulted barren
(see e.g. Civita-Cerchiara section of Fig. 8) or it
was actually lacking. This lack seems to be due to
sedimentary gaps caused either by erosional fea-
tures at the base of the overlying chaotic boulder
clays (see Torno, Monte Raparello and Monte
Soprano-Monte Chianello sections of Fig. 7) or by
winnowing and consequent non-deposition (see
La Raja del Pedale section of Fig. 7).

PRE-NUMIDIAN INTERVAL

The planktonic foraminifer assemblage is rela-
tively poor in all the investigated units. The wide-



TaBLE 2 - Miocene nannofossil range chart adopted in this paper. The species distributions basically come from PERcH-NIELSEN (1985) and from
THEODORIDIS (1984). Dotted lines refer to distributions derived from more recent literature (AuBrY 1988; FORNACIARI ef al, 1990; GALLANGER
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TABLE 3 - Synopric table showing the fossil contents of the pre-Numidian, Numidian and post-Numidian intervals in the Apenninic units
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spread occurrence of Globigerinosdes trilobus and
the absence of Langhian forms suggest that the
deposits immediately underlying the Numidian
quartzarenites may be reasonably attributed ro the
M7 foraminiferal zone (Late Burdigalian).

The nannofossil assemblages, characterized by
the systematic presence of small sphenoliths and
of Reticulofenestra spp. forming a homogeneous
population with overall placolithe size smaller
than 5 pm, appears quite uniform over all the in-
vestigated units. The occurrences of Discoaster
exilis and Calcidiscus premacintyrei in the Tufillo
Unit and of Calcidiscus leptoporus in the Lagone-
gro Upper Unit led us to attribute the pre-
Numidian deposits of these successions to the
upper part of the NN4 nannofossil zone. It is
very likely that the same age may be assigned to
the Verbicaro and Alburno-Cervati pre-Numidian
intervals which yielded Sphenolithus beteromor-
phus associated with few forms of Sphenolithus
abies whose first appearance took place after the
NN4 zone according to many Authors. Integrat-
ing the results derived from the nannofossil analy-
sis with those obtained from the planktonic-
foram analysis, the upper boundary of the pre-
Numidian deposits may be reasonably confined
within the upper part of the NN4 zone (Late
Burdigalian), just below the N7/N8 foraminifer
zonal boundary.

NUMIDIAN INTERVAL

The foraminiferal contents in the Numidian
interval are usually very poor and scarcely signifi-
cant. Nevertheless, the sporadic presence of Gilo-
boguadrina langhiana in the Tufillo Unit and of
Globigerinoides bisphericus in the Tufillo and
Daunia units, as well as the recovery, according to
the geological literature (see CARBONE et al. 1987)
of Pracorbulina sicana in Numidian quartzareni-
tes belonging, in our opinion, to the Sannio Unit,
led us to consider as Langhian (N8 foraminiferal
zone) the quartz-sand supply in the correspond-
ing depositional realms. Furthermore, the syste-
matic absence of Orbulina in the Numidian
quartzarenites and in the immediately overlying
post-Numidian deposits suggests thar the quartz-
sand input did not span over the N8/N9 zonal
boundary.

The nannofossil assemblage of the Numidian
interval does not show strong variations com-
pared with those of the previously described pre-
Numidian interval. The most significant differen-
ces include the abundance of larger forms of Rets-
culofenestra  pseudoumbilicus (values ranging
from 6.0 to 6.5 pm in this interval; values rang-

ing from 5.5 to 6.5 pm in the Pre-Numidian in-
terval) and the presence of forms like Caleidiscus
macintyrei (Daunia Unit) and Helicosphaera wal-
trans (Tufillo Unit) whose first appearance has
been noticed in the upper part of the NN4 zone.
The concomitant absence of forms which had
their first appearance in the NN5 zone suggests
that the Numidian-sand supply wholly occurred
in the upper part of the NN4 nannofossil zone.
In conclusion, the nannofossil results do not allow
an age discrimination between the pre-Numidian
and the Numidian intervals. Nevertheless, when
we integrate foraminifer and nannofossil data we
can see that the Numidian-quartz supply took
place everyhere, from the Sannio to the Daunia
depositional domains, in the uppermost part of
the NN4 nannofossil zone, and perhaps in the
lowermost part of the NN5 zone, but in any case
within the N8 foraminiferal zone.

PosT-NUMIDIAN INTERVAL

The nannofossil assemblage from the deposits
immediately overlying the Numidian interval
does not markedly differ from that already de-
scribed for the quartz-rich interval. Only the
presence of Reticulofenestra psendowmbilicus
with increased overall size (mean values between
6.5 and 7 pm, with rare forms exceeding 7 pm)
may imply a slightly younger age. The presence
of Praecorbulina glomerosa (Sannio Unit), and of
Globigerinoides bisphericus and Globoguadrina
langhiana (Sannio and Tufillo units), as well as
the virtual absence of Orbulina sp. still indicates
the N8 foraminiferal zone. Furthermore, the oc-
currence of a few specimens of Globorotalia
mayeri sensu IacCARINO (1985), which appears at
the base of the N9 zone, suggests at least the up-
permost part of the N8 foraminiferal zone for
the upper boundary of the Numidian-sand depo-
sitional event.

REGIONAL REMARKS

In spite of several persisting uncertainties
about the palinspastic restoration of the Apulian-
margin paleogeographic domains in Early Mio-
cene times, the available geological data and the
new stratigraphic results discussed in this paper
allow us to formulate some regional considera-
tions on the Apennine Numidian quartzarenites
which may be summarized in the following
points:

— the Numidian quartzarenites were deposited
over different depositional realms in a very short
time interval corresponding to the N8 foraminif-



eral zone (upper part of the NN4 zone and poss-
ibly lower part of the NN5 zone);

— over the different Apenninic domains, the de-
position of the Numidian quartzarenites was pre-
ceded and accompanied by an important input of
calc-alkaline volcaniclastic products, probably de-
rived from the Corsica-Sardinia volcanic arc.
Spicular deposits, mainly developed at the base of
the Numidian quarzarenites, characterize all in-
vestigated sections, associated with a major supply
of voleaniclastic material. It seems to be very like-
ly that the sudden and exceptional sponge prolif-
eration over different depositional realms was re-
lated to the chemical modifications of the sea-
water induced by the abundance of volcanogenic
material;

— in agreement with WEZEL (1970a), the stable
African Platform must be identified as the source-
area of the quartz-sand supply (see also discussion
in DURAND DeLGa 1980). In the Apenninic do-
mains, the Numidian sand distribution was most-
ly controlled by the sea-bottom physiography in-
herited from the Mesozoic paleotectonic activity,
as well as by the distance from the source area. As
already evidenced by CHaANNEL and MARESCHAL
(1989), the existence of an oceanic sea-way be-
tween the Apennine and the Sicily paleogeogra-
phic realms during Early/Middle Miocene times
(see, e.g. MALINVERNO and Ryan 1986) is unlike-
ly, since an intervening ocean basin would have
inhibited the Numidian quartz transport over the
Apulia continental margin;

— during the Numidian-sand supply, no influ-
ence was exerted by compressional tectonics re-
lated to the Corsica-Sardinia/Apulia convergence,
except for the Alburno-Cervati paleogeographic
domain whose internal margin (Monte Pollino
area) underwent high-rate subsidence ar the be-
ginning of the Numidian-sand input. The sinking
of the carbonate platform was probably related to
the retreat of the flexure-zone of the Apulia li-
thosphere which accompanied the counterclock-
wise Corsica-Sardinia rotation and the simulrane-
ous eastward migration of the thrust belt-
foredeep system. It is interesting to point out that
according to BELLON e al. (1977) the NW mag-
netic declinations of the Upper Oligocene-Lower
Miocene Sardinia volcanites should record a
strong and fast counterclockwise rotation of the
Sardinia block related to the opening of the
younger portions of the Western Mediterranean
basin between 17 and 15 Ma ago. Our stratigra-
phical results fit quite well these conclusions,
since the tectonic event recorded in rthe Sannio
and Alburno-Cervati depositional realms by a
sudden change of sedimentation from highly ma-
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ture (Numidian quartzarenites) to immature/
submature sands (arkosic sandstones) took place
around the Langhian-Serravallian boundary;

— if we label as "flysch” a sedimentary body
deposited within a tectonically-active foredeep
basin in front of advancing nappes or rising cor-
dilleras (see Hs{! 1972 and discussion therein),
then the term “flysch” for the Apennine Numidi-
an quartzarenites should be definitively aban-
doned, since the Numidian sands were mostly
deposited in foreland basinal realms. Only by
chance, in the Alburno-Cervati domain the be-
ginning of the quartz-sand sedimentation coin-
cided with the starting of the flexural subsidence
responsible for the incorporation of this foreland
platform in a foredeep basin.
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EXPLANATION OF PLATE ]

Examples of planktonic foraminifers listed in Table 3.

Taxa recovered in the pre-Numidian, Numidian and post-Numidian intervals. Magnification x100

Fic. 1 -

Fic. 2 B

Fics. 3-4 -

Fucs. 5-7 -

Fic. 8 -

Figs. 9-11 -

Globigerina pracbulloides Brow. Umbilical view. Tufillo Unir, San Felice, post-Numidian interval, EP
1091,

Globigermoides trilobus (Reuss). Umbilical view. Daunia Unit, Carpineto di Sinello, Numidian inter-
val, EP 1110.

Globoguadring debircens (CHAPMANN, Parr and Colums). 3 spiral view; 4 umbilical view. Tufillo Unit,
San Felice, post-Numidian interval, EP 1091,

Globorotalia continwosa Blow. 5 spiral view; 6 lateral view; 7 umbilical view. Tufillo Unit, San Felice,
post-Numidian interval, EP 1091,

Globorotalia psendocontingosa Jenxins. Lateral view. Tufillo Unit, San Felice, post-Numidian interval,
EP 1090.

Globorotalia riakensir LE Rov. 9 spiral view; 10 lateral view; 11 umbilical view. Tufillo Unit, San
Felice, post-Numidian interval, EP 1091,

Taxa recovered in the Numidian and in the post-Numidian intervals. Magnification x100.

FiG. 12 -

Fic. 13 -

Fic. 14

Fics. 15-16 -

Figs, 17-18 -

Figs, 19-20 -

Globigerina falconensis Buow. Umbilical view, Tufillo Unit, San Felice, post-Numidian interval, EP
1092,

Globigerinoides bisphericus Toop. Umbilical view. Daunia Unit, Carpinero di Sinello, Numidian in-
terval, EP 1110.

- Globigerinoides rubguadratus BRnNmann. Umbilical view. Daunia Unit, Carpineto di Sinello, Numi-

dian interval, EP 1110,

Globoguadrina langbiana Crta and GELaTL 15 umbilical view; 16 lateral view. Tufillo Unit, San Felice,
MNumidian interval, EP 1089,

Globorotalia acrostoma Wezel. 17 spiral view. Tufillo Unit, San Felice, post-Numidian interval, EP
1092, 18 umbilical view. Tufillo Unit, San Felice, post-Numidian interval, EP 1091,

Globorotalia praescitula Biow. 19 spiral view; 20 lateral view. Tufillo Unit, San Felice, Numidian
interval, EP 1089,

Taxa recovered in the post-Numidian interval. Magnification x 100.

Figs, 21-22 -

Fics, 23-24 -

Globorotalta mayeri Cusiman and Ervisor. 21 spiral view; 22 lateral view. Sannio Unir, Serra Cortina,
post-Numidian interval, NP 2648,

Pracorbalina glomerosa sicana (DE STepani). Lateral views. Sannio Unit, Serra Cortina, post-
Numidian interval, NP 2649,
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EXPLANATION OF PLATE II

Examples of calcareous nannofossils listed in Table 3. Magnification x2200 ca.

Fics. 14

Fics. 5, 10, 15

Fics. 6-9

Fics. 11-14

Fics. 16-18, 21-23,-

26 - 27

Fic. 28

Fics, 19, 24, 29, -
20, 25, 30

- Coromocyclus nitescens (KAMPTNER, 1963) BRAMLETTE and Wincoxon, 1967

1, 2: same specimen, Tufillo Unit, San Felice, pre-Numidian interval, EP 1089; 1: crossed nicols,
2: parallel nicols.

3, 4: same specimen, Sannio Unir, Serra Cortina, post-Numidian interval, NP 2632; 3: crossed
nicols, 4: parallel nicols.

Sphenolithus abier DEFLANDRE in DerLanore and Fert, 1954

5: same specimen, Tufillo Unir, San Felice, Numidian interval, EP 1089; crossed nicols.
10, 15: same specimen, Sannio Unit, Serra Cortina, post-Numidian interval, NP 2632; 10:
crossed nicols, 13: parallel nicols.

- Geminilithella rorsla (KaMpTEeR, 1956) Backman 1980

6, 7: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 6: crossed nicols, 7:
parallel nicols.
8, 9: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 8: crossed nicols, 9:
parallel nicols.

Helicosphaera mediterranea MiLier, 1981

11, 12; same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 11: crossed nicols,
12: parallel nicols.

13, 14: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 13: crossed nicols,
L4: parallel nicols.

Reticulofenestra prendoumbilicus (GARTNER, 1967) GARTNER, 1969

16: Sannio Unit, Ponte, post-Numidian interval, NP 2187; crossed nicols; lenght > 7 mp

17, 18: same specimen, Sannio Unit, Ponte, post-Numidian interval, NP 2187; 17: crossed ni-
cols; 18: parallel nicols; lenght 3-7 mp

21: Sannio Unit, Ponte, post-Numidian interval, NP 2187; crossed nicols; lenght 5-7 mp

22, 23: same specimen, Sannio Unit, Casone Cardillo, post-Numidian interval, NP 1640; 22:
crossed nicols; 23: parallel nicols; lenght = 7 mp

26, 27: same specimen, Tufillo Unir, Castiglione Messer Marino, Numidian interval, NP 1502;
26: crossed nicols; 27: parallel nicols; lenght 5-7 mp.

- Reticulofenestra mingtula (GarTner, 1967) Hao and Bercoren, 1978

Tufillo Unit, San Felice, Numidian interval, EP 1089; crossed nicols.

Sphenolithus heteromorphus DEFLANDRE, 1953

19, 24, 29: same specimen, Tufillo Unit, Castiglione Messer Marino, Numidian interval, NP
1502; 19: long axis O° to crossed nicols, 24: long axis 43° to crossed nicols, 29: parallel nicols.
20, 25, 30: same specimen, Alburno-Cervati Unit, La Raja del Pedale, Numidian interval, NP
2249, 20: long axis O° to crossed nicols, 25: long axis 45° to crossed nicols, 30: parallel nicols.
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EXPLANATION OF PLATE III

Examples of calcareous nannofossils listed in Table 3. Magnification x2200 ca.

Fics. 1-8 - Sphenolithus heteromorphus DEFLANDRE, 1953
1-3: same specimen, Sannio Unit, Ponte, post-Numidian interval, NP 2187; 1: long axis 0° to crossed
nicols, 2: long axis 45° to crossed nicols, 3: parallel nicols.
4, 5: same specimen, Lagonegro Unit, Sant’Angelo Le Fratte, pre-Numidian interval, NP 2357; 4: long
axis 0° to crossed nicols, 5: long axis 43° to crossed nicols,
6-8: same specimen, Sannio Unit, Ponte, post-Numidian interval, NP 2187; 6: long axis 0° to crossed
nicols, 7: long axis 45° to crossed nicols, 8: parallel nicols.

Fis. 9-12 - Calcidiscus leptopores (MUrRY and Brackman, 1898) Loesuich and Tappan, 1978
9-10: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 9: crossed nicols, 10: paral-
lel nicols.
11, 12: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 11: crossed nicols, 12:
parallel nicals,

Fics. 13-14 - Calcidiscus macintyres (Bukry and BramierTe, 1969) Loesuick and Tapran, 1978
13, 14: same specimen, Daunia Unirt, Carpineto di Sinello, Numidian interval, EP 1110; 13: crossed
nicols, 14: parallel nicols.

Fics. 15-18 - Helicosphaera ampliaperta BRaMLETTE and WiLcoxon, 1967
15, 16: same specimen, Tufillo Unit, Castiglione Messer Marino, Numidian interval, EP 1502; 15:
crossed nicols, 16: parallel nicols.
17, 18: same specimen, Tufillo Unit, San Felice, Numidian interval, EP 1089; 17: crossed nicols, 18:
parallel nicols,

Fics. 19-20 - Discoster deflandrei Bramierte and Rieper, 19534
19: Tufillo Unit, San Felice, Numidian interval, EP 1089; parallel nicols.
20: Sannio Unit, Casone Cardillo, post-Numidian interval, EP 1642, parallel nicols.

Figs. 21-22 - Discoarter variabilir MarTivg and Bramierie 1963
21: Tufillo Unirt, San Felice, Numidian interval, EP 1089; parallel nicols.
22: Tufillo Unit, San Felice, Numidian interval, EP 1089; parallel nicols.
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