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PREMILINARY STRATIGRAPHICAL INVESTIGATIONS
ON THE MIOCENE SUCCESSIONS OF THE PORTO TORRES BASIN
(NORTHERN SARDINIA, ITALY)

Abstract - The following is a brief report on a preliminary
micropalaeontological research carried out on the Miocene
succession of the Porto Torres Basin (Northwestern Sardinia,
Italy). Planktonic foraminifers and ostracods from 12 sam-
ples collected in the northeastern side of the basin within
marls and marly chaotic beds of unknown — dubitatively
Langhian — age have been analyzed. From a biostratigraphic
viewpoint assemblages unquestionable allowed us to refer
the investigated succession to the upper Burdigalian. The
ostracod palaeoecological analysis indicates a depositional
setting referable to the intermediate part of the outer neritic
zone. In addition, since from a general ostracod standpoint
the Mediterranean lower Miocene is relatively unexplored,
the new biostratigraphic data obtained from this study are
discussed.

Key words - Miocene, Biostratigraphy, Paleoecology,
Foraminifera, Ostracoda, Northwestern Sardinia, Italy.

Riassunto - Indagini stratigrafiche preliminari sulle succes-
sioni mioceniche del Bacino di Porto Torres (Sardegna set-
tentrionale, Italia). Questa breve nota costituisce uno studio
micropal eontologico preliminare sulla successione mioceni-
ca affiorante nel Bacino di Porto Torres nelle Sardegna nord-
occidentale. Sono stati campionati tre affioramenti nei din-
torni di Sennori, costuiti da marne e strati caotici marnosi
supposti di eta langhiana, per 1o studio dei Foraminiferi
planctonici e degli Ostracodi. Per quanto concerne o studio
biostratigrafico i dodici campioni raccolti hanno fornito asso-
ciazioni a Foraminiferi planctonici indicative della Zona a
Globigerinoides trilobus del Burdigaliano superiore. Le ana-
lisi paleoecologiche condotte sugli Ostracodi ed il rapporto
plankton/benthos individuano nella parte intermedia della
piattaforma esterna I’ ambiente relativo ai sedimenti investi-
gati. Questo studio risulta di particolare utilita per la rico-
struzione dell’ evoluzione dei bacini intracratonici terziari del
Blocco Sardo-Corso. Per quanto riguarda gli Ostracodi i dati
raccolti risultano particolarmente significativi in quanto per
I"area mediterranea gli studi di questi organismi in associa-
zioni del Miocene inferiore, ed in particolare del Burdigalia-
Nno, SoNo scarsi.

Parole chiave - Miocene, Biostratigrafia, Paleoecologia,
Foraminiferi, Ostracodi, Sardegna nord-occidentale, Italia.

INTRODUCTION

Marine and lacustrine deposits of Miocene age are
widespread in Sardinia, ranging from lower Aquitanian
to Messinian. In northern Sardinia the Upper
Oligocene-Aquitanian deposits are coeval to the cal-

calcaline volcanic activity, so that, often, they result in
tuffite beds that fill E-W to ENE oriented strike-dlip
basins (Oggiano et al., 1995). Other deposits are essen-
tially carbonates and remarkably younger as their sed-
imentation started in the upper Burdigalian and, prob-
ably, ended in the lower Messinian. These latter
deposits post-date both the onset of the huge volume
volcanic products and the drifting of the Sardinia-Cor-
sica block. Accordingly, also the basins hosting the
post-Burdigalian succession are younger and show a
different structural frame: they consist of several NNW-
trending half grabens, which display an en echelon
array from the north to the south of the Island (the so
caled Sardinian Rift; Cherchi & Montadert, 1982).
Hence in Sardinia, during the Miocene, an amost con-
tinuous record of depositional events occurred in dif-
ferent sedimentary environments and at different
palaeogeographic locations (before and after drifting
respectively). Succession investigated in the present
work belong to the Porto Torres Basin, which generat-
ed in middle-late Burdigalian time during the final
stage of the Sardinia drifting, as consequence of the
opening of the Balearic back-arc basin (Mainverno &
Ryan, 1986; Barroul et al., 2004).

STUDY AREA AND MATERIALS

The Porto Torres Basin is a NNW oriented half-graben
well detected offshore by seismic profiles (Thomas &
Gennessaux, 1986); southward this half graben is con-
nected to the L ogudoro basin by mean of an E-W trend-
ing transfer zone (Fig. 1; Funedda et al., 2000). To the
east the basin is bounded by a major fault that caused
the uplift of the andesitic massif of Osilo, whereas to
the west the basin shallows toward the Nurra structur-
al high, where the Miocene deposits directly lap on the
Mesozoic carbonate shelf. The on-land succession of
the Porto Torres basin, after the Pliocene uplift, under-
went a general northwestward tilting and suffered
strong erosion.

The stratigraphical frame of the Porto Torres basin is
partially comparable to that of the well-known, adja-
cent, Logudoro basin (Martini et al., 1992; Funedda et
al., 2000), where two main sequences were evidenced
by Mazzei & Oggiano (1990). In the Logudoro basin
the first sequence started in the late Burdigalian time;
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Fig. 1 - Schematic block-diagram of the relation between the Porto Torres and the Logudoro basins during upper Burdigalian (After Funed-

daet al., 2000).

its base consists of quartz-feldspatic sands and con-
glomerates, sometimes arranged into Gilbert-type
deposits. These fluvial-marine sediments passinto shelf
limestone, which in turn is capped by marls. On the
marls pertaining to the first sequence, along an erosive
or non-depositional surface, a second sequence made
up of grainstones and boundstones, sometimes with
chaotic aspect, rests. The age of the sequence is
unknown; according to Pomesano Cherchi (1971) and
Mazzei & Oggiano (1990) it is supposed of Tortonian-
early Messinian age.

The Porto Torres Basin shows a similar stratigraphical
succession. The relations between the first and the sec-
ond sequence are well exposed in the southern bound-
ary of the Basin, near Sassari. Here the base of the sec-
ond sequence is characterised by at least 50 metres of
slumped beds, megabreccias and olistostromes rich of
algal balls.

With the aim to get additional biostratigraphic and
palaeoecol ogical data on the sedimentary succession of
the Porto Torres Basin, a preliminary and exploratory
sampling for micropalaeontological investigations has
been carried out.

The samples were collected in the northeastern side of
the Porto Torres Basin (Fig. 2) within the marly unit
belonging to the first sequence (Fig. 3) and within the
muddy matrix of the chaotic beds, which with a posi-
tion typical of olistostrome, rest on the marls or are
interlayered in their upper part (Fig. 4).

On the whole 12 samples have been collected. Approx-
imately 200 g of each samplewere used for foraminifers
and ostracods analyses. The washed residues of the
samples revealed the common presence of abundant
planktonic foraminifers and diversified ostracod fau-
nas. Only a single sample (OG 8) is barren of fossils.
The microfauna is moderately to well preserved.

BIOSTRATIGRAPHICAL ANALYSIS
Planktonic foraminifers

Planktonic foraminifers are always present in the stud-
ied samples (except for OG 8). Benthic foraminifers

(The P/B rétio is aways greater than 1), rests of echi-
noids, molluscs and fishes commonly occur in many
samples.

Planktonic assemblages are dominated by the genus

Globigerinoides and include abundant representatives

of Dentoglobigerina and Globoquadrina. Particularly

the following species have been recorded: Dentoglo-
bigerina altispira, D. baroemoenensis, D. langhiana,

Globigerina praebulloides, Globigerinella obesa, G.

praesiphonifera, Globigerinita glutinata, Globigeri-

noides altiaperturus, G. quadrilobatus, G. sacculifer,

G. subquadratus, Globigerinoides trilobus, Globo-

quadrina dehiscens, Globorotalia peripheroronda, G.

praescitula, Paragloborotalia siakensis, Tenuitellinata

angustiumbilicata, Turborotalita quinquel oba.

The most relevant features of the foraminiferal assem-

blages are:

— the concomitant occurrence throughout the exam-
ined succession of Globigerinoides species, notably
G. quadrilobatus and G. sacculifer which appear
within the N6 Zone of Blow (1969) and Globigeri-
noides altiaperturus which disappears within the
N7 Zone (Kennett & Srinivasan, 1983; Bolli &
Saunders, 1985; laccarino, 1985);

— the absence of representatives of Catapsidrax and
notably C. dissimilis whose last occurrence marks
the N6/N7 boundary;

— the absence of Praeorbulina (no typical specimens
or doubtful forms have been recovered) which First
Occurrence is known to marks N7/N8 boundary
(Berggren et al., 1995; Foresi et al., 2002).

All together these data unquestionably indicate the N7

Zone or the Globigerinoides trilobus Zone of the lac-

carino & Salvatorini (1982) or Foresi et al. (2002)

planktonic foraminiferal zonal scheme, that is a late

Burdigalian age (Fig. 5).

Ostracods

The abundance and diversity of ostracods are low in
the lower sampled levels and tend to increase upwards
apart for the uppermost sample. Mean values of the
abundance and species diversity are about 50 and 13
respectively, but among the 12 examined samples three
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Fig. 2 - Location map of the sampling area.

samples (OG4 and particularly VT 1, VT 2) yielded an
extremely rich and diversified fauna. Faunal composi-
tion is fairly homogeneous throughout the investigated
succession.

A total of 58 species belonging to 33 genera have been
recognized. On the whole 6 species are left in open
nomenclature and some specimens mainly of the gen-
era Aurila, Callistocythere, Cytherella, Loxoconcha,
Paracypris, Sagmatocythere could not be specifically
identified owing to poor preservation or immaturity.
The numerical distribution of recovered speciesis giv-
enin Table 1.

From a bio-chronostratigraphic viewpoint it must be
noted that lower Miocene faunas of Western and Cen-
tral Europe have been object of severa studies (Geb-
hardt, 2003 cum hibl.; Ducasse & Chuzac, 1996, 1997
cum bibl.) but shelf ostracods of the Mediterranean
have so far been poorly investigated (Carbonnel, 1969;
Coutelle & Yassini, 1973; Gokcen, 1985; Dall’ Antonia
& Bossio, 2001). In addition previous studies on coeval
faunas from Italy focused mainly on bathyal assem-
blages, such as Ruggieri (1960), Oertli (1961), Russo

(1966), Ciampo (1981) and Bonaduce & Russo (1985)
which represent the only published research on the
Lower Miocene of Sardinia
Taking into account these remarks, analysis of known
occurrences of theidentified taxa highlighted that most
of them appear to be long-ranging species widely dis-
tributed within the Cenozoic (e.g. Bairdia conformis,
Cnestocythere truncata, Costa punctatissima, C. tri-
costata, Henryhowella asperrima, Paracytheridea tri-
quetra, Ruggieria tetraptera) or spanning at least the
entire Miocene (e.g. Carinovalva rotundata, Cytherel-
la postdenticulata, C. vandenboldi).
Nevertheless it must be emphasized that recovered
assemblages include also three species whose known
distribution suggest an lower-early Miocene age for the
investigated succession. These significant species are:
— Pokornyella deformis (Reuss, 1850): known from
the early-middle Miocene of Central-Eastern Europe
(Reuss, 1850; Bonaduce et al., 1986; Gross, 2006).
— Pterigocythereis gr. cornuta (Roemer, 1838):
reported from the Oligocene and lower Miocene of
Europe (Guernet, 1990).
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Fig. 3 - Sampled beds of the marly unit in the eastern part of the
Porto Torres Basin.

— Puricytheretta melitensis Russo and Bossio, 1976:
known from the upper Burdigalian-lower Serraval-
lian of Madlta Islands and Southern Italy (Russo &
Bossio, 1976; Dall’ Antonia & Bossio, 2001; Dal-
I” Antonia, 2003) and the Badenian of Central Tethys
(Brestenska & Jiricek, 1978).

Furthermore it is interesting to note that the present

study allowed to extend the stratigraphical range of a

number of species which are listed below:

— Aurila bullapunctata Uliczny, 1969: so far reported
from the Pliocene of Cephalonia (Uliczny, 1969;
Mostafawi & Matzke-Karasz, 2006) and the Lower
Pleistocene of Italy (Ruggieri, 1973, 1980; Dal-
I’ Antonia et al., 2005). It is worth of mention that
Ruggieri (1973) reported the occurrence of a form
very similar to Uliczny’s species from the upper
Miocene of Central Italy (Ruggieri, 1973, p. 163).

— Loxocorniculum quadricornis (Ruggieri 1962):
know from the middle Miocene (Serravallian) of
Aegean Islands and Tremiti Islands (Sissingh, 1972;
Dall’ Antonia, 2003) and upper Miocene (Torton-
ian) of North Italy and of Sicily (Dieci & Russo,
1965; Ruggieri, 1962; Ciampo, 1980), Messinian of
Maltese Islands (Russo & Bossio, 1976).

— Heliocythere vejhonensis (Prochazka, 1893):
known only from the middle Miocene (Badenian)
of Central-Eastern Europe and the upper Miocene
(Tortonian-Messinian) of Spain, Italy and dubitably
Algeria (see Bonaduce et al., 1988).

— Nonurocythereis seminula (Seguenza, 1880):
reported from the middle Miocene (Langhian-Ser-
ravallian) of Aquitaine (Ducasse & Cahuzac, 1996,
1997) and the upper Miocene of Italy (e.g. Seguen-
za, 1980; Ruggieri & Russo, 1980) and Greece
(Mostafawi, 1990).

— Paracytheridea grignonensis Kegji, 1957: known
from the Eocene and Oligocene of France (Ducasse
et al., 1985).

— Sagmatocythere gibbosofoveolata (Seguenza,
1880): so far reported from the upper Miocene (Tor-

Fig. 4 - Cahotic bed of the upper part of the marly unit. Notice the
megabreccia element enveloped by fine muddy matrix (Sennori vil-
lage).
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Fig. 5 - Sampled succession: lithology and bio-chronostratigraphy
based on the foraminiferal zonal scheme of Foresi et al. (2002),
modified.

tonian) of Southern Calabria (Seguenza, 1880 and
Ruggieri, 1963) and Central Italy (Dieci & Russo,
1965 and Russo, 1968 as Loxoconcha aff. sagittula
(Reuss).

— Cytherelloidea creutzburgi Sissingh, 1972: known

from the upper Miocene to the Lower Pleistocene
of Italy and Greece (Sissingh, 1972; Mostafawi,
1989; Ruggieri & D’Arpa, 1993; Dall’ Antonia,
2003).
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Tab. 1 - Stratigraphical distribution of ostracod species. Bold numbers refer to adult valves, italic to instars, underlined to both instars
and adult.

Ostracod species 7| oGs| oG5 | oce| oG1| o62| 0G3| oga| vi1|viz| via| vis

Aurla cicatricosa [Reuss, 1650

| Bairda conformis Terquem, 1878

‘Buniona derionensis_Ruggien, 1954

Cytherella pastdenbculsts Oerli, 1961

‘Felocythers vehonan) & [Prochazka, 1893}

Lowocomiculum quadricomis (Ruggier, 1962)

Aurila bullapuncista Ulcnany, 1969

Aurila 5pp.

Cardobardia sp.

Crestocythere fruncata (Reuss. 1850)

Costa Incosfata (Reuwss, 1850)

Cytherella inaequalis Moyes, 1965

Cyfherela vandenboidi Sissignn, 1972

Henryhowalla asparmma . (Reuss, 1850)

Parakrithe declvis  Ciampa, 1980

Xestoieberis aff, comunis Miller, 1854

Cavinovaiva rolundata [Ruggien, 1962)

Cyfherella gr. vulgata Ruggien, 1962

Grimonets haigingen [Reuss, 1850)

Sagmatocythire pbboso-foveolata (Seguenza, T850)

Paracypris sp.

Paracythendea trquetra (Reuss, 1850)

Parakrithe anminenss (Ruggien, 1967)

Plengacythereis comuta (Roemer, 1828)

Ruggieria tefraplera (Seguenza, 1830) 13 7 K] 10

Xestolebans afl dispar Meller, 1894

Bairgia gr. medifarranea Miiler, 1894

Cannovalva aquita (Ruggien, 1972)

Eucythers curta Ruggien, 1975

| Ofimifalunia plcatuia (Rewss, 1850)

Ofimfalunia sp. 2 sensu Russo, 1968

Puncytheretia mevtensis  Russo and Bosslo, 1975

Tuggena micheimana [Bosquet, 1852)

Lawoconcha hasfata (Reuss, 1850) 1 1 8 3

Cythavapieron tufidum  Coladongo and Pasini, 1980 2

yihere sp. 1

Callistocythere spp.

Cytherella sp.

Cytheropleran sp.

Eucytherura mistretial Sissingh, 1972

Loxoconcha spp.

|Sagmatocythare fenurs (Ciampo, 1980)

Monoceraling cf. plega Ciampo, 1985 1

Pokomyeila deformis  {Reuss, 1850) 1 1 3
udopsammocyihere kolimanni Carbonell, 1966 2

Aurla gr. convexa (Baird, 1850)

Costa punctatissima  Ruggeen, 1961

[Citheralia gr. crcumpunclala Clampa, 1976

Cythevalioidea creufzburgr Sissingh, 1972

Flexus tenuicarenalus (Capeder, 1902}

Laxocancha gr. tombaidea (Fisher, 1855)

Nenurocythereis seminula [Seguenza, 1880)

Paracythentdea gngnonensis Kep, 1957

Phiyctanophora arcuata (Von Munster, 1830]

Sagmatocythere 5.

Semicytherura allera (Muer, 1654)

Semicytherura velata Clampa, 1966

Calistocythere montana Doruk, 1980 8

Cythereioea cl. eroglyphica (Bosquel, 1852) 2

Pachicaudiles ungeri (Reuss, 1850) 3 2

Prerigacythereis fimbriata [Von Minster, 1330} 3

Reciobunionia subidata (Ruggien, 1954) 25

Samicytherura sp.

Tubercolocythere sp.

Aunlg of. opaca (Reuss, 1850) 2

Cytherella russed Sissngh, 1972 6

Cytherefta cf. semipunciata (Bomemann, 1855} 5

Loxoconcha puncialela (Reuss, 1850) ]

Meonocerating mediterranea  Sesangh, 1972
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Plate 1

1 - Aurila bullapunctata (Uliczny). RV (sample OG 2). 2 - Heliocythere vejhonensis Prochazka. RV (sample VT 2). 3 - Nonurocythereis
seminula. (Seguenza). RV (sample VT 1). 4 - Flexus tenuicarenatus. (Capeder). LV (sample VT 1). 5 - Paracytheridea triquetra (Reuss).
LV (sample VT 2). 6 - Paracytheridea grignonensis Kgji. LV (sample VT 1). 7 - Semicytherura velata Ciampo. LV (sample VT 1). 8 - Costa
tricostata (Reuss) LV (sample OG 2). 9 - Costa punctatissima (Ruggieri). LV (sample VT1). 10 - Loxocorniculum quadricornis Ruggieri.
RV (sample VT 2). 11 - Sagmatocythere gibbosofoveolata (Sequenza). RV (sample VT1). 12 - Cytherelloidea creutzburgi Sissing. RV (sam-
ple VT 2). 13 - Pterygocythereis cornuta (Roemer). LV (sample OG 6). 14 - Pterygocythereis cornuta (Roemer). DV (sample OG 6). 15 -
Ruggieria micheliniana (Bosguet). LV (sample VT 1). 16 - Semicytharura alifera (Muller). LV (sample VT 1). 17 - Buntonia dertonensis
Ruggieri. LV (sample OG 3). 18 - Sagmatocythere tenuis (Ciampo). LV (sample VT 1).

S.E.M. microphotographs of selected ostracods taxa (scale bars = 100 um).
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From a palaeoecological viewpoint, assemblages do
not show significant compositional changes, but only
modifications of the relative abundance of single
species. Major components of the fauna are in order of
relative abundance species of the genera Bairdia
(almost exclusively B. conformis), Cytherella (C. post-
denticulata, C. vandenboldi, C. gr. vulgata), Ruggieria
(R micheliniana, R. tetraptera), Costa (C. tricostata,
C. punctatissima), which are quite tolerant taxa typical
of an outer neritic zone but most able to live also in
upper epibathyal environment. Representatives of

Parakrithe, L oxoconchidae and Hemicytherinae (Auri-

la, mainly instars) are also relatively frequent present.

Other noteworthy features are:

— the presence of Henryhowella asperrima and the
local occurrence of Puricytheretta melitensis, Cari-
novalva aquila and Monoceratina spp. which pre-
fer relatively deep waters;

— the scattered and reduced occurrence of typical lit-
toral taxa such as Cytheretta, Flexus, Phlyctenopho-
ra, Xestoleberis.

On the whole the ostracod faunal composition domi-

nated by taxa mainly related to an open shelf environ-

ment, in accordance with foraminifer P/B ratio, indi-
cates a depositional setting referable to the intermedi-
ate part of the outer neritic zone.

CONCLUSION

The preliminary planktonic foraminifer and ostracod
study carried out on Northern Sardinia marly deposits
of the Porto Torres Basin allowed to recognize the
presence of Burdigalian (N7 Zone of Blow, 1969) and
to locate the sediment in the outer neritic shelf. In the
Logudoro Basin similar deposits were referred to the
Langhian (Mazzei & Oggiano, 1990). The present
results open new prospective for improving the knowl-
edge on the stratigraphy of the Miocene succession in
Northern Sardinia, giving also the opportunity to start
adetailed study of lower Miocene Mediterranean ostra-
codsthat are still poorly known. Moreover, as the marl,
among the Miocene deposits of western Sardinia, isthe
lithofacies that denotes the maximum depth, further
comparisons between the age obtained in the study
area and that attainable by marls of other, adjacent
half-grabens, will be useful to highlight diachroniesin
the deepening of the intra-continental basins of Sar-
dinia (Plate 1)
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