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Abstract. Pizzo Mondello is a ca. 500 m thick pelagic-hemipe-
lagic succession cropping out in Sicily consisting of a nodular cherty
limestone facies association of late Carnian to late Norian age. The
uppermost portion was attributed to the Rhaetian and is represented
by the plane-bedded Portella Gebbia Limestone. The section has been
proposed as the stratotype for the base of the Norian stage. The calcar-
eous nannofossil content of limestones was studied with Scanning Elec-
tron Microscope (SEM) in two portions of the Pizzo Mondello section,
one within “La Cava” that encompasses all the proposed horizons for
the base of the Norian, and one within the Portella Gebbia Limestone
in the uppermost part of the section.

Calcareous nannofossil assemblages of the first portion display
low diversity, being constituted exclusively by calcispheres, that may
constitute up to 40% of the sediment volume. Species richness increases
in the upper portion. Initially, samples are dominated by Prinsiosphaera
triassica, a nannolith of unknown taxonomic affinity. Rare calcareous
dinocysts (Thoracosphaera cf. geometrica) and coccoliths are present in
few samples. Uppermost samples are still dominated by “calcispheres”
comparable to Thoracosphaera, but also yield a variety of coccoliths
and nannoliths.

Calcareous nannofossil distribution was calibrated with cono-
dont and radiolarian biostratigraphy. On the basis of this integrated
work, specimens attributed to cf. Thoracosphaera, observed in the low-
er portion of the section, are late Carnian to early Norian, while sam-
ples dominated by Prinsiosphaera, with rare Thoracosphaera and coc-
coliths are Rhaetian. The calcareous nannofossil assemblage of the
uppermost samples, along with radiolarians and the absence of cono-
donts, point to a Jurassic age (Pliensbachian) for the uppermost Portella
Gebbia Limestone at Pizzo Mondello. In conclusion, the age of the
uppermost part of the Pizzo Mondello section is Jurassic, i.e., younger
than previously thought. Calcareous nannofossils are present from the
base of section and exhibit a significant taxonomic diversity, thus pro-
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viding an auxiliary biostratigraphic frame for the Rhaetian - Jurassic
interval in this area.

Riassunto. La sezione di Pizzo Mondello (Sicilia) consiste di
una successione di carbonati pelagici-emipelagici dello spessore di ca.
500 metri. La porzione carnica superiore - norica & caratterizzata da
calcari nodulari selciferi, mentre la porzione sommitale, considerata
retica, comprende 1 calcari di Portella Gebbia, a stratificazione piano-
parallela. Pizzo Mondello & stata proposta come stratotipo del Nori-
co. E stato studiato, con Iausilio del microscopio elettronico a scan-
sione (SEM), il contenuto di nannofossili calcarei di due porzioni
della sezione, una in localita “La Cava” che comprende tutti gli oriz-
zonti proposti come base del Norico, una seconda nei calcari di Por-
tella Gebbia. Nel tratto di sezione inferiore sono presenti solamente
calcisfere determinate come cf. Thoracosphaera, che possono costituire
fino al 40% della roccia. La diversita specifica aumenta nella porzione
superiore, alla base della quale i campioni sono dominati da Prinsios-
phaera triassica, un nannolite di affinitd tassonomica incerta. Sono
presenti anche cisti calcaree di dinoflagellati (Thoracosphaera cf. geo-
metrica) e coccoliti. I campioni pit alti sono dominati da calcisfere (cf.
Thoracosphaera), ma contengono anche una varieta di coccoliti e nan-
noliti.

La distribuzione dei nannofossili calcarei & stata calibrata tra-
mite biostratigrafia a conodonti e radiolari. L'etd della porzione infe-
riore, contenente cf. Thoracosphaera, comprende il limite Carnico/No-
rico, mentre i campioni dominati da Prinsiosphaera, con rari Thoracos-
phaera cf. geometrica e coccoliti, sono retici. La parte sommitale dei
calcari di Portella Gebbia ¢ invece attribuita al Giurassico (Pliensba-
chiano), per I’assenza di conodonti e in base alla biostratigrafia a nan-
nofossili e radiolari. In conclusione, la parte sommitale della sezione di
Pizzo Mondello & piu recente di quanto finora ritenuto, & cioé giuras-
sica. I nannofossili calcarei sono presenti sin dalla base della sezione e
presentano una significativa diversita tassonomica. Essi possono quindi
rappresentare un utile complemento per la biostratigrafia di Pizzo
Mondello, soprattutto per I'intervallo Retico - Giurassico.
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Introduction

Biostratigraphic tools in Late Triassic — Early Jur-
assic pelagic settings

The biostratigraphy of hemipelagic and pelagic
Triassic successions is mostly based on ammonoids
and conodonts. These two groups evolved at a very
fast pace and permit detailed biozonations throughout
the Triassic, with ammonoid biostratigraphy having
usually higher resolution than conodont biostratigra-
phy (see for example Krystyn 1978; Brack et al. 2005;
Mietto et al. 2007, 2008). In truly pelagic successions
ammonoids are often rare, and their collection in the
field is more time-consuming than a standard sampling
for micropaleontology. Conodonts thus became the
routine tool for biostratigraphy of Triassic pelagic suc-
cessions (Rigo et al. 2007; Giordano et al. 2010; Mazza
et al. 2010, 2011). Conodonts are scarce or absent in
latest Triassic samples, and disappear completely
around the Triassic — Jurassic boundary. Therefore, they
are not convenient for differentiating the Triassic from
the Jurassic.

Auxiliary biostratigraphies exist. Thin-shelled bi-
valves (Daonella, Halobia, Monotis) have a benthic life-
style but thrive in deep-water soft substrates and are
thus common in hemipelagic and pelagic settings
throughout the Triassic (De Capoa Bonardi 1984; Le-
vera & McRoberts 2008; McRoberts 2010). Radiolarians
are also extremely common, but due to their siliceous
test are frequently calcified and coarsely recrystallized.
In spite of this, radiolarians along with conodonts are
the only resource for the biostratigraphy of successions
deposited below or close to the CCD, as those formed
in Panthalassa and now cropping out in Japan (Onoue
& Sano 2007; Onoue & Yoshida 2010). Pollen and
spores are also widely used for the biostratigraphy of
hemipelagic sections, but are completely missing in
truly pelagic sections and whenever the continental in-
fluence is limited.

A further potential biostratigraphic tool for the
upper Triassic are calcareous nannofossils. Coccoliths
and calcispheres appear in the Carnian, and have been
documented in localities as various as the Alps, the
Southern Apennines, Sicily, the Himalayas, Japan and
the North Western Australian plateau (Di Nocera &
Scandone 1977; Jafar 1983; Bralower et al. 1991, 1992;
Bellanca et al. 1993, 1995; Rai et al. 2004; Onoue &
Yoshida 2010; Clémence et al. 2010). However, their
scarcity limited their biostratigraphic use in the Triassic.
Older occurrences of calcispheres are documented (e.g.,
Munnecke & Servais 2008), but their possible affinity to
Mesozoic and Cenozoic calcispheres is disputable. We
show here the abundance of coccoliths and calcispheres
in the Upper Triassic section of Pizzo Mondello, which
is a candidate for the GSSP of the Norian, and by means

of calcareous nannofossil biostratigraphy, we attribute
the uppermost beds of the section to the Lower Jurassic.
In this study, coccolith and calcisphere occurrences are
calibrated with conodont and radiolarian biostratigra-

phy.

Geological settings

Pizzo Mondello (Fig. 1) is a ca. 500 m thick,
upper Carnian to Lower Jurassic succession of mostly
nodular cherty limestones (Bellanca et al. 1995; Gullo
1996; Muttoni et al. 2004; Nicora et al. 2007) that is
exposed in central Sicily. Two formations are encom-
passed by the section: most of the stratigraphic succes-
sion is made up by cherty limestones of the Scillato
Formation (formerly named Calcari con Selce). The cal-
careous nannofossil content of this lower part of the
section is only briefly described in this study. The
uppermost part of the section consists of plane-bedded
limestones with greenish clay intercalations of the Por-
tella Gebbia Limestone, and was so far attributed to the
Rhaetian (Gullo 1996). According to Gullo (1996), the
Rhaetian of Pizzo Mondello is unconformably overlain
by either lower Jurassic encrinites and shales or Cretac-
eous pink limestone-marlstones.

The section was deposited in deep-water settings
of a vast basinal area corresponding to the westernmost
Tethys ocean. Upper Triassic nodular cherty limestones
of the same type are found also in the Southern Apen-
nines (Lagonegro Basin), Northern Calcareous Alps,
Balaton highlands in Hungary, eastern Julian Alps, Di-
narids and Taurids (Preto et al. 2005).

Materials and methods

The lower Carnian-Norian interval of the Pizzo Mondello sec-
tion was logged and described by Guaiumi et al. (2007) and Nicora et
al. (2007) and we refer to these authors for detailed descriptions of the
lithology and sedimentology of this interval.

The Portella Gebbia Limestone of Pizzo Mondello was logged
and sampled in locality a” of Gullo (1996), A in Figure 1. The studied
section crops out rather poorly, and consists of three main short tracts
separated by covered intervals (Fig. 2), that are considered as part of a
continuous section because of the uniform bedding dip. Chert occurs
only in the upper part of the measured section, and whitish fine-grained
limestones are the dominant lithology throughout. All samples studied
in this work were collected from limestones.

Limestone samples of ca. 8-10 kg each were collected for con-
odont biostratigraphy throughout the Pizzo Mondello section, in sev-
eral field campaigns. Samples were crashed and carbonate dissolved by
repeated baths in diluted acetic or formic acid. The fraction of the
residue coarser than 104 um was separated by sieving, and the cono-
donts hand-picked without concentration with heavy liquids. Sampling
consistence and density is described, for the Carnian-Norian interval,
in Nicora et al. (2007) and Mazza et al. (2010). In the Rhaetian - Jurassic
segment of the section, 20 samples were collected and processed, which
corresponds to more than one sample per meter, although intervals
covered with debris and/or soil were not sampled.

Some limestone samples processed for conodonts provided
well-preserved radiolarians, and some other samples were treated to
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Fig. 1 - Location of Pizzo Mondello

in Sicily (southern Italy) and
simplified geological map of
the area (modified from Mut-
toni et al. 2004). A: Rhaetian-
Jurassic interval (Portella
Gebbia Ims.) corresponding
to locality a’ of Gullo (1996);
B: Upper Carnian - Norian

interval at La Cava locality.
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extract radiolarians from cherts. Cherty samples were crushed and dis-
solved by repeatedly etching with 2-5% hydrofluoric acid for several
hours. The obtained residue was separated and gently washed using a
Polyethylene sieve (43 um mesh) and dried in an oven (50°C). Dried
residues were analyzed by a stereomicroscope to hand-pick well pre-
served specimens. Picked radiolarians were examined and photo-
graphed by a Philips 515 SEM of the Department of Earth Sciences,
University of Perugia.

Carbonates were prepared for observation at the SEM in order
to describe their petrology. Most samples revealed abundant calcareous
nannofossils that have been thus studied. Samples of limestone were cut
in blockets ca. 5 mm in edge, and polished with 1200 corundum powder
on a face perpendicular to bedding. Surfaces were then etched for 10 to

20 seconds with 0.3% (0.1 N) hydrochloric acid, carbon- or gold-
coated and observed either with the CamScan MX 2500 SEM of the
Department of Geosciences, University of Padova, or with the Zeiss
Supra 40 of Geowissenschaften, University of Bremen. The morphol-
ogy of calcareous nannofossil taxa was described with SEM, and speci-
mens were determined. Although studied limestones are often highly
lithified, we have prepared a total of 20 samples for calcareous nanno-
fossils with two standard smear slides per sample from unprocessed
material (Bown 1998), to be examined using a Zeiss optical microscope
at 1250x magnification, in order to confirm the SEM determinations.
Nonetheless, calcareous nannofossils were found to be very rare when
studied with standard techniques and any quantitative counts are thus
virtually impossible.
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Fig. 2

- Stratigraphic section and stratigraphic distribution of conodonts, calcareous nannofossils and radiolarians in the Rhaetian - Jurassic

interval at Pizzo Mondello. Triassic nannofossil biozonation from Bralower et al. (1991); Jurassic biozonation from Bown (1987).

Results

Radiolarians

Radiolarians were studied for the Carnian/Norian
interval (Nicora et al. 2007; Bertinelli & Giordano 2010)
and, for the purposes of this study, in the Rhaetian/
Jurassic interval. The lower interval of the Pizzo Mon-
dello section exposed at “la Cava” yielded radiolarian
faunas considered to be early Norian in age, and sam-
ples characterized by low-diversity assemblages in the
lowermost part, that could be attributed to the late Car-

nian (Nicora et al. 2007). Radiolarian biostratigraphy
thus supports the late Carnian to early Norian age of
the lower Pizzo Mondello section.

The upper Pizzo Mondello section yielded well
preserved radiolarian assemblages. The Rhaetian por-
tion (sample PG 47) is characterized by a typical assem-
blage with Globolaxtorum sp. cf. G. tozeri Carter, Glo-
bolaxtorum? sp. A (sensu Carter 1993), Livarella magna
Tekin, Livarella valida Yoshida and Paronaella sp. cf. P
pacofiensis Carter (Fig. 3, A-F). Radiolarian assemblages
from the uppermost 5 m of the Portella Gebbia lime-
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Fig. 3 - Scanning electron micrographs of radiolarians from Pizzo Mondello (Rhaetian- Early Jurassic). A) Paronaella sp. cf. P. pacofiensis
Carter (sample PG 47, Rhaetian); B) Livarella magna Tekin (sample PG 47, Rhaetian); C) Livarella valida Yoshida (sample PG 47,
Rhaetian); D) Globolaxtorum sp. cf. G. tozeri Carter (sample PG 47, Rhaetian); E-F) Globolaxtorum? sp. A (sensu Carter 1993)
(sample PG 47, Rhaetian); G) Praeconocaryomma bajaensis Whalen (sample PG 48, Pliensbachian); H) Praeconocaryomma white-
avesi Carter (sample PG 50, upper Pliensbachian); Ia-b) Orbiculiformella railensis (Pessagno) (sample PG 50, upper Pliensbachian); )
Homoeoparonaella sp. cf. H. lowryensis Whalen & Carter (sample PG 50, upper Pliensbachian); K a-b) Citriduma sp. cf. C. radiotuba
De Wever (sample PG 50, upper Pliensbachian); L) Farcus sp. (sample PG 52).
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Fig. 4

stone contain Praeconocaryomma bajaensis Whalen
(sample PG 48, Fig. 3 G), Praeconocaryomma whitea-
vesi Carter (sample PG 50, Fig. 3 H), Orbiculiformella
railensis (Pessagno) (sample PG 50, Fig. 3 I), Homoeo-
paronaella sp. cf. H. lowryensis Whalen & Carter (sam-
ple PG 50, Fig. 3 ]), Citriduma sp. cf. C. radiotuba de
Wever (sample PG 50, Fig. 3 Ka-b), Farcus sp. (sample
PG 52, Fig. 3 L). This latter association is typical of the
Early Jurassic (Pliensbachian).

Conodonts

Conodonts are abundant at Pizzo Mondello. The
conodont biostratigraphy of the Carnian - Norian in-
terval of Pizzo Mondello is described in detail by Maz-
za et al. (2010, 2011, 2012). Briefly, the lower Pizzo
Mondello section at “la Cava” is initially characterized
by typical late Carnian forms of genera Carnepigondo-
lella and Paragondolella, which are later replaced by
Metapolygnathus and Epigondolella, the latter being ty-
pical Norian genera. Some species of these genera re-
cord a turnover that occurs through the occurrence of
transitional forms.

The upper Pizzo Mondello section (Portella Geb-
bia Ims.) yielded a Rhaetian association characterized by
Misikella hernsteini, M. posthernsteini and M. kovacsi
(Fig. 4A, B). Misikella ultima (Fig. 4C) first appears at
ca. 7.5 m from the base of the measured section and
defines the base of the M. ultima conodont zone, which
is the last conodont zone of the Rhaetian and Triassic.
The upper 5 meters sampled within the Portella Gebbia
limestone are barren of conodonts.

Calcareons nannofossils

Calcareous nannofossils are abundant in the stu-
died samples of Pizzo Mondello section. The lower (late
Carnian - early Norian) interval exhibits a substantially
monospecific assemblage of calcispheres. Their attribu-
tion to a taxonomic group is, however, hampered by

- Scanning electron micrographs of conodonts from the uppermost Pizzo Mondello section. A) Misikella hernsteini (Mostler), mature
growth stage, sample NR 59 (few m below base of section in figure 1). B) Misikella posthernsteini Kozur & Mock, mature growth stage,
sample PG 34. C) Misikella ultima Kozur & Mock, mature growth stage, sample PG 41. Scale bar 200 pm. a = lateral view, b = lower
view.

diagenetic alteration. Calcispheres are constituted by
hollow spherical crystal aggregates, 10-30 um in dia-
meter. A thick syntaxial overgrowth almost invariably
encrusts the primary structure, and by growing inwards,
also tends to fill the central cavity (Fig. 5P). The best-
preserved calcispheres in this interval still exhibit some
degree of recrystallization, which only allows interpre-
tation of a thin test composed of a mosaic of calcite
crystals (Fig. 5Q). These calcispheres are thus tenta-
tively attributed to calcareous dinocysts (cf. Thoraco-
sphaera), because their structure resembles that of living
thoracopherids, which is hollow, lacks of a persistent
aperture and possesses a continuous wall. We here fol-
low the nomenclature of Bralower et al. (1991, 1992) for
calcispheres.

Samples from the lower Portella Gebbia Lime-
stone, bearing Rhaetian conodonts, exhibit a distinctive
calcareous nannofossil assemblage dominated by the
nannolith Prinsiosphaera triassica, of unknown taxono-
mical affinity. This form is associated with other less
common taxa, as the calcareous dinocyst Thoraco-
sphaera geometrica and coccolith Archeozygodiscus cf.
A. koessenensis.

Samples from the uppermost 5 meters of the Por-
tella Gebbia limestone, which are barren of conodonts,
yielded a distinctive calcareous nannofossil assemblage
consisting mostly of calcispheres up to 25 um in dia-
meter, with a exoskeleton of calcite prisms (Fig. 5C, F).
Though we were not able to identify a clear and well-
preserved archeopyle, the absence of any structure in
the inner part of the calcisphere suggests an affinity to
calcareous dinocysts for these Jurassic forms. Common
coccoliths and nannoliths also occur in this interval (Fig
5A, B, D, E, G, H). Among them, Similiscutum cruciu-
lus, Lotharingius hauffii and Mitrolithus cf. lenticularis
are particularly significant for biostratigraphy (see dis-
cussion below). The distribution of Rhaetian-Jurassic
calcareous nannofossils is provided in Fig. 2.
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Fig.5 - Calcispheres, nannoliths and coccoliths of Pizzo Mondello under the SEM. A) Similiscutum sp. and Mitrolithus cf. lenticularis, sample
PG 49, Pliensbachian (Jurassic). The spherical structure in the centre may be interpreted as the calcite infilling of a coccosphere, now
disaggregated; B) Mitrolithus cf. lenticularis and Similiscutum sp., sample PG 52, Pliensbachian (Jurassic); C) Thoracosphaera sp.1,
sample PG 53, Pliensbachian (Jurassic); D) Similiscutum cruciulus, sample PG 48, Pliensbachian (Jurassic); E) Mirrolithus cf. lenti-
cularis, sample PG 48, Pliensbachian (Jurassic); F) Thoracosphaera sp. 1, sample PG 48, Pliensbachian (Jurassic); G) Lotharingins
haunffii, Mitrolithus cf. lenticularis and Biscutum sp., sample PG 53, Pliensbachian (Jurassic); H) Bussonius sp., sample PG 52,
Pliensbachian (Jurassic); I) Prinsiospabera triassica, sample PG 41, Rhaetian (Triassic), M. ultima conodont zone; L) Archeozygodiscus
cf. A. koessenensis, sample PG 39, Rhaetian (Triassic); M) Thoracosphaera cf. geometrica, sample PG 39, Rhaetian (Triassic), M.
posthernsteini conodont zone; N) Prinsiosphaera sp., sample PG 39, Rhaetian (Triassic), M. posthernsteini conodont zone; O)
Prinsiospabera cf. triassica, sample PG 35, Rhaetian (Triassic), M. posthernsteini conodont zone; P) cf. Thoracosphaera, sample
FNP 130, Lacian (early Norian, Triassic); Q) cf. Thoracosphaera, sample FNP 134, Lacian (early Norian, Triassic).
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Discussion

Age of the upper Pizzo Mondello section

The conodont assemblages recorded in the lime-
stones of the Portella Gebbia limestone are Rhaetian in
age, and represent part of the Misikella posthernsteini
and M. ultima conodont zones (Kozur & Mock 1991).
The two index species M. hernsteini and M. posthern-
steini were recognized. M. hernsteini evolves to M. post-
hernsteini through a morphocline (Giordano et al.
2010). M. posthernsteini, which is considered a marker
for the base of the Rhaetian stage, was compared and
distinguished from M. hernsteini - M. posthernsteini
transitional forms co-occurring in the section. The low-
er part of the Portella Gebbia limestone can be thus
confidently attributed to the Rhaetian, in agreement
with Gullo (1996).

Recently, the new M. rhaetica conodont zone has
been introduced, which index species was illustrated by
Gallet et al. (2007). As discussed by Moix et al. (2007),
however, the definition of this biozone is flawed. The
index species of the biozone, which coincides with Mi-
stkella koessenensis, erroneously determined as Misikel-
la rhaetica by Gallet et al. (2007), is a rare species (Moix
et al. 2007). This is probably the reason why M. koesse-
nensis was not found at Pizzo Mondello in this study, as
well as in Gullo (1996).

Radiolarians confirm a Rhaetian age, mainly be-
cause of the presence of the genus Globolaxtorum (Car-
ter, 1990). The calcareous nannofossil assemblage is ty-
pical of a late Triassic age, because of the massive pre-
sence of Prinsiosphaera triassica and the rare occurrence
of Archaeozygodiscus cf. A. koessenensis.

The uppermost 5 m of fine-grained Portella Geb-
bia limestones that were analyzed in this study are bar-
ren of conodonts, but contain radiolarians and abundant
calcareous nannofossils. Nannofossils were identified in
all samples and always constitute at least 10% of the
rock volume (visual estimate).

The radiolarian association includes the genus
Praeconocaryomma, typical of the Early Jurassic, and
lacks Rhaetian genera. Jurassic radiolarian assemblages
occur from sample 48 upsection, and suggest a Pliensa-
bachian age.

In the uppermost part of the section, a major
change in calcareous nannofossil assemblage is found.
Prinsiosphaera triassica characterizes the assemblages up
to the end of the Triassic, that corresponds to sample
PG 47, but from sample PG 48 upwards the calcareous
nannofossil assemblages consist of frankly Jurassic taxa
(Fig. 2). In particular, the presence of Mitrolithus cf.
lenticularis, previously reported from the late Sinemur-

ian to the late Toarcian (Bown & Cooper in Bown 1998;
Mattioli & Erba 1999), and the First Occurrence (FO)

of Similiscutum crucinlus (Mattioli & Erba 1999; Mat-
tioli et al. 2004), recorded from the base of the Pliens-
bachian (de Kaenel et al. 1996; Mattioli & Erba 1999),
indicate that the base of this interval lies in the Early
Jurassic. Finally, the FO of Lotharingius hauffii, which
defines the base of Zone JL5 (Bown 1987), was observed
in sample PG 53. On this basis, the uppermost Pizzo
Mondello section spans from Zone NT2 (Bralower et al.
1991) to Zone JL5 (Bown 1987), that is from Norian-
Rhaetian to upper Pliensbachian. A large hiatus, cover-
ing at least Hettangian, Sinemurian and Pliensbachian
p.p., is thus present. This unconformity was already
known for western Sicily and was discussed, e.g., by
Gullo (1996). Here we show that at Pizzo Mondello,
it is to be placed within the succession of pelagic-hemi-
pelagic limestones and marls and not at the base of a
calcarenitic unit.

Distribution of calcareous nannofossils in the
Upper Triassic

Calcareous nannofossils are one of the main bios-
tratigraphic tools used in the Cenozoic (Perch-Nielsen
1985a; Berggren et al. 1995; Bown 1998), and in the
Mesozoic as well (e.g., Thierstein 1976; Perch-Nielsen
1985b; Bown 1987, 1998; deKaenel et al. 1996; Mattioli
& Erba 1999). Triassic calcareous nannofossils are
usually considered to be rare and poorly differentiated
(Bralower et al. 1991; Bown 1998), and although a
Upper Triassic calcareous nannoplankton biozonation
exists (Bralower et al. 1991, 1992), it is not the standard
biostratigraphic tool for this time interval. Upper Trias-
sic calcareous nannofossils are very common in sedi-
ments of western Tethys. Specifically, Carnian - Norian
limestones of Pizzo Mondello contain abundant calci-
sphaeres. Stratigraphically upward, in the Rhaetian,
nannofossil assemblages are dominated by the enigmatic
nannolith Prinsiosphaera triassica, consistently with re-
sults from the northwestern Australian plateau (Bra-
lower et al. 1991).

The abundance of Prinsiosphaera triassica in the
Rhaetian, and its worldwide distribution (Bralower et
al. 1991; Bellanca et al. 1993, 1995; Rai et al. 2004;
Onoue & Yoshida 2010; Clémence et al. 2010), make
it a useful biostratigraphic tool. Prinsiosphaera last oc-
curs at the end of the Rhaetian, being affected by the
end-Triassic extinction, and the following Jurassic nan-
nofossil assemblages are peculiar, including, e.g., Schizo-
sphaerella that is dominant in the south Tethyan ocean
(e.g., Kilin et al. 1979; Bown 1987; Mattioli & Pittet
2002) and numerous and diverse nannoliths and cocco-
liths (Bown 1987; deKaenel et al. 1996; Mattioli & Erba
1999; Bown & Cooper in Bown 1998; Erba 2004). Thus,
the upper 5 m of Portella Gebbia limestones logged for
this study were unequivocally attributed to the Jurassic,
and distinguished from Rhaetian samples, already by
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the identification of nannofossils during petrographic
analyses. The differentiation between Triassic and Jur-
assic cannot be uniquely inferred on the base of cono-
dont absence. In fact, absence could be due to taphono-
mical (preservation) or ecological factors. This distinc-
tion could not be straightforward with conodont bios-
tratigraphy, because absence of conodonts in the upper
part of the section could not be unambiguously inter-
preted as a significant biostratigraphic datum. The
upper Carnian - Rhaetian interval at Pizzo Mondello
yielded several samples rich in calcareous nannoplank-
ton. The nannoplankton abundance, already observed
by Bellanca et al. (1993, 1995) in the Carnian-Norian
interval, thus extends to the full length of the exposed
succession. Pizzo Mondello, along with correlated suc-
cessions in Sicily and the Lagonegro Basin (Southern
Apennines), may be the target of studies for future im-
provement of Triassic calcareous nannoplankton bios-
tratigraphy.

Conclusions

Upper Triassic hemipelagic succession of Pizzo
Mondello in Sicily bears abundant calcareous nannofos-
sils throughout. Calcareous nannofossil assemblages
provide coarse time constraints, especially about the
Triassic/Jurassic boundary, though taxonomic richness

is low. Calcareous nannofossils, which include cocco-
liths, nannoliths and calcispheres, can be readily studied
with SEM after adequate preparation (polishing and
mild etching). They could thus provide an ancillary
biostratigraphic tool in the definition of the Norian
GSSP. However, their use is limited in the Carnian-
Norian interval by poor preservation, due to syntaxial
overgrowth of calcite cement on calcispheres. Better
preparation techniques should be developed to over-
come this limitation. The uppermost beds of the Portel-
la Gebbia Limestone at Pizzo Mondello, GSSP candi-
date for the Norian stage, are proved to be Jurassic
(Pliensbachian) rather than Rhaetian, based on calcar-
eous nannofossils and radiolarian biostratigraphy, and a
major hiatus is identified within pelagic-hemipelagic
limestone-marls.

Acknowledgments. A. Nicora, P. Di Stefano, M. Mazza offered
their help in the field and through fruitful discussions. We would like to
thank PR. Bown for helpful clarifications on CN taxonomy. P. Witte
(Universitit Bremen, working group H. Willems) assisted at SEM for
nannoplankton analyses. N. Giordano contributed SEM photographies
of radiolarians. A. Montinaro prepared some of the nannoplankton
samples. Editor M. Gaetani, E. Mattioli and an anonymous referee
provided useful comments on an early version of this manuscript. Re-
search funded by the MIUR (PRIN prot. 2008BEF5Z7_005, local co-
ordinator P. Mietto), N.P. was funded by the Alexander von Humboldt
Foundation.

REFERENCES

Bellanca A., Di Stefano E., Di Stefano P., Erba E., Neri R. &
Pirini Radrizzani C. (1993) - Ritrovamento di “Cal-
cisfere” e nannofossili calcarei in terreni carnici della
Sicilia. Paleopelagos, 3: 91-96.

Bellanca A., Di Stefano P. & Neri R. (1995) - Sedimentology
and isotope geochemistry of Carnian deep-water
marl/limestone deposits from the Sicani Mountains,
Sicily: environmental implications and evidence from
planktonic source of lime mud. Palaeogeogr. Palaeo-
climat. Palaeoecol., 114: 111-129.

Berggren W.A., Kent D.V,, Swisher III C.C. & Aubry M.-P.
(1995) - A revised Cenozoic geochronology and
chronostratigraphy. In: Berggren W.A. et al. (Eds) -
Geochronology, Time Scales and Global Stratigraphic
Correlation, Soc. Sediment. Geol. Tulsa, Okla., Spec.
Publ., 54: 129-212.

Bertinelli A. & Giordano N. (2010) - Radiolarian assem-
blages from the Norian GSSP candidate Pizzo Mon-
dello section (Sicani Mountains, Sicily). Workshop
“New Developments on Triassic Integrated Stratigra-
phy”, Palermo, September 12-16, 2010, Abstracts:
12-13.

Bown P.R. (1987) - Taxonomy, biostratigraphy and evolu-
tion of late Triassic-early Jurassic calcareous nanno-
fossil. Spec. Pap. Palaentol., 38: 1-118.

Bown P.R. (1998) - Calcareous Nannofossil Biostratigraphy.
Kluwer Academic, Dordrecht (NL), 328 pp.

Bown P.R., Cooper M.K.E. & Lord A.R. (1988) - A calcar-
eous nannofossil biozonation for the early to mid
Mesozoic. Newsl. Strat., 20(2): 91-114.

Brack P, Rieber H., Nicora A. & Mundil R. (2005) - The
Global boundary Stratotype Section and Point
(GSSP) of the Ladinian Stage (Middle Triassic) at Ba-
golino (Southern Alps, Northern Italy) and its impli-
cations for the Triassic time scale. Episodes, 28: 233-
244,

Bralower T.J., Bown PR. & Siesser W.G. (1991) - Signifi-
cance of Upper Triassic nannofossils from the South-
ern Hemisphere (ODP Leg 122, Wombat Plateau,
N.W. Australia). Mar. Micropaleontol., 17: 119-154.

Bralower T.J., Bown PR. & Siesser W.G. (1992) - Upper
Triassic calcareous nannoplankton biostratigraphy,
Wombat Plateau, northwest Australia. Proc. Ocean
Drilling Program, 122: 337-451.



140 Preto N., Rigo M., Agnini C., Bertinelli A., Guaiumi C., Borello S. & Westphal H.

Carter E.S. (1993) - Biochronology and Paleontology of
uppermost Triassic (Rhaetian) radiolarians, Queen
Charlotte Islands, British Columbia, Canada. Mem.
Géol. (Lausanne), 11: 175 pp.

Clémence M.E., Gardin S., Bartolini A., Paris G., Beaumont
V. & Guex ]. (2010) - Bentho-planktonic evidence
from the Austrian Alps for a decline in sea-surface
carbonate production at the end of the Triassic. Swiss
J. Geosci., 103: 293-315.

De Capoa Bonardi P. (1984) - Halobia zones in the pelagic
Late Triassic sequences of the Central Mediterranean
area (Greece, Yugoslavia, Southern Apennines, Sicily).
Boll. Soc. Paleontol. Ital., 23: 91-102.

de Kaenel E., Bergen J.A. & von Salis Perch-Nielsen K.
(1996) - Jurassic calcareous nannofossil biostratigra-
phy of western Europe. Compilation of recent studies
and calibration of bioevents. Bull. Soc. geol. France,
167: 15-28.

Di Nocera S. & Scandone P. (1977) - Triassic nannoplankton
limestones of deep basin origin in the central mediter-
ranean region. Paleogeogr., Palaeoclimatol., Palaeoe-
col., 21: 101-111.

Erba E. (2004) - Calcareous nannofossils and Mesozoic
oceanic anoxic events. Mar. Micropaleontol., 52: 85-
106.

Gallet Y., Krystyn L., Marcoux J. & Besse J. (2007) - New
constraints on the End-Triassic (Upper Norian -
Rhaetian) magnetostratigraphy. Earth Plan. Sci. Let-
ters, 255: 458-470.

Giordano N, Rigo M., Ciarapica G. & Bertinelli A. (2010) -
New biostratigraphic constraints for the Norian/
Rhaetian boundary: data from Lagonegro Basin,
Southern Apennines, Italy. Lethaia, 43: 573-586.

Guaiumi C., Nicora A., Preto N., Rigo M., Balini M., Di
Stefano P., Gullo M., Levera M., Mazza M. & Mutto-
ni G. (2007) - New Biostratigraphic data around the
Carnian/Norian boundary from the Pizzo Mondello
Section, Sicani Mountains, Sicily. New Mexico Mus.
Nat. Hist. Sci. Bull., 41: 40-42.

Gullo M. (1996) - Conodont biostratigraphy of uppermost
Triassic deep-water calcilutites from Pizzo Mondello
(Sicani Mountains): evidence for Rhaetian pelagites in
Sicily. Palaeogeogr. Palaeoclimatol. Palaeoecol., 126:
309-323.

Jafar S.A. (1983) - Significance of Late Triassic calcareous
nannoplankton from Austria and Southern Germany,
Neues Jahrb. Geol. Palacntol. Abh., 166: 218-259.

Kilin O., Patacca E. & Renz O. (1979) - Jurassic pelagic
deposits from Southeastern Tuscany; aspect of sedi-
mentation and new biostratigraphic data. Eclogae
geol. Helv., 72(3): 715-762.

Kozur HW. & Mock R. (1991) - New Middle Carnian and
Rhaetian conodonts from Hungary and the Alps.
Stratigraphic importance and tectonic implications
for the Buda Mountains and adjacent areas. Jahr.
Geol. Bundes., 134: 271-297.

Krystyn L. (1978) - Eine neue Zonengliederung im alpin-
mediterranen Unterkarn. Schrift. Erdwiss. Komm. Os-
terr. Ak. Wiss., 4: 37-75.

Levera M. & McRoberts C. (2008) - Carnian/Norian halo-
biids from Pizzo Mondello succession (Sicani Moun-
tain, Sicily). Ber. Geol. Bundes., 76: 20-22.

Mattioli E. & Erba E. (1999) - Synthesis of calcareous nan-
nofossil events in Tethyan Lower and Middle Jurassic
successions. Riv. It. Paleontol. Strat., 105: 343-376.

Mattioli E. & Pittet B. (2002) - Contribution of calcareous
nannoplankton to carbonate deposition: a new ap-
proach applied to the Lower Jurassic of central Italy.
Mar. Micropaleontol., 45: 175-190.

Mattioli E., Pittet B., Young J.R. & Bown P.R. (2004) -
Biometric analysis of Pliensbachian-Toarcian (Lower
Jurassic) coccoliths of the family Biscutaceae: intra-
and interspecific variability versus palaeoenvironmen-
tal influence. Mar. Micropaleontol., 52: 5-27.

Mazza M., Furin S., Spétl C. & Rigo M. (2010) - Generic
turnovers of Carnian/Norian conodonts: Climatic
control or competition? Palacogeogr. Palaeoclimatol.
Palaeoecol., 290: 120-137.

Mazza M., Cau A. & Rigo M. (2011) - Application of nu-
merical cladistic analyses to the Carnian-Norian con-
odonts: a new approach for phylogenetic interpreta-
tions. J. Syst. Palaeontol., in press.

Mazza M., Rigo M. & Gullo M. (2012) - The Upper Triassic
conodont record of the Pizzo Mondello section (Wes-
tern Sicily, Italy), GSSP candidate for the Norian. Riv.
It. Paleontol. Strat., 118:(1) 85-130.

McRoberts C. (2010) - Biochronology of Triassic bivalves.
In: Lucas S.G. (Ed.) - The Triassic Timescale. Geol.
Soc. London, Spec. Pub., 334: 201-219.

Mietto P., Andreetta R., Broglio Loriga C. Buratti N., Cirilli
S., De Zanche V., Furin S., Gianolla P,, Manfrin S.,
Muttoni G., Neri C., Nicora A., Posenato R., Preto
N., Rigo M., Roghi G. & Spétl C. (2007) - A candi-
date of the Global Boundary Stratotype Section and
Point for the base of the Carnian Stage (Upper Trias-
sic): GSSP at the base of the canadensis Subzone
(FAD of Daxatina) in the Prati di Stuores/Stuores
Wiesen section (Southern Alps, NE Italy). Albertiana,
36: 78-97.

Mietto P., Manfrin S., Preto N. & Gianolla P. (2008) - Se-
lected ammonoid fauna from Prati di Stuores/Stuores
Wiesen and related sections across the Ladinian-Car-
nian boundary (Southern Alps, Italy). Riv. It. Paleon-
tol. Strat., 114: 377-429.

Moix P.,, Kozur H.W.,, Stampfli G.M. & Mostler H. (2007) -
New paleontological, biostratigraphic and paleogeo-
graphic results from the Triassic of the Mersin Mél-
ange, SE Turkey. New Mexico Mus. Nat. Hist. Sci.
Bull., 41: 282-311.

Munnecke A. & Servais T. (2008) - Paleozoic calcareous
plankton: evidence from the Silurian of Gotland.
Lethaia, 41:185-194.

Muttoni G., Kent D.V,, Olsen P.E., Di Stefano P., Lowrie W.,
Bernasconi S.M. & Hernandez EM. (2004) - Tethyan
magnetostratigraphy from Pizzo Mondello (Sicily)
and correlation to the Late Triassic Newark astro-
chronological polarity time scale. GSA Bulletin, 116:
1034-1058.



Triassic and Jurassic calcareous nannofossils of the Pizzo Mondello section 141

Nicora A., Balini M., Bellanca A., Bertinelli A., Bowring
S.A., Di Stefano P.,, Dumitrica P., Guaiumi C., Gullo
M., Hungerbuehler A., Levera M., Mazza M., McRo-
berts C.A., Muttoni G., Preto N. & Rigo M. (2007) -
The Carnian/Norian boundary interval at Pizzo
Mondello (Sicani Mountains, Sicily) and its bearing
for the definition of the GSSP of the Norian stage.
Albertiana, 36: 102-129.

Onoue T. & Sano H. (2007) - Triassic mid-oceanic sedimen-
tation in Panthalassa Ocean: Sambosian accretionary
complex, Japan. Islandic Arc, 16: 173-190.

Onoue T. & Yoshida A. (2010) - Depositional response to
the Late Triassic ascent of calcareous plankton in pe-
lagic mid-oceanic plate deposits of Japan. J. Asian
Earth Sci., 37: 312-321.

Perch-Nielsen K. (1985a) - Cenozoic calcareous nannofos-
sils. In: Bolli, H.M. et al. (Eds) - Plankton Stratigraphy.
Cambridge University Press, New York: 427-554.

Perch-Nielsen K. (1985b) - Mesozoic calcareous nannofos-
sils. In: Bolli H.M. et al. (Eds) - Plankton Stratigra-

phy. Cambridge University Press, New York: 329-
426.

Preto N, Spétl C., Gianolla P., Mietto P., Riva A. & Manfrin
S. (2005) - Aragonite dissolution, sedimentation rates
and carbon isotopes in deep-water hemipelagites (Li-
vinallongo Formation, Middle Triassic, northern
Ttaly). Sediment. Geol., 181: 73-194.

Rai]., Upadhyay R. & Sinha A K. (2004) - First Late Triassic
nannofossil record from the Neo-Tethyan sediments
of the Indus-Tsangpo Suture Zone, Ladakh Himalaya,
India. Current Science, 86: 774-777.

Rigo M., Preto N., Roghi G., Tateo F. & Mietto P. (2007) - A
CCD rise in the Carnian (Upper Triassic) of western
Tethys, deep-water equivalent of the Carnian Pluvial
Event. Palacogeogr. Palaeoclimatol. Palaeoecol., 246:
188-205.

Thierstein H.R. (1976) - Mesozoic calcareous nannoplank-
ton biostratigraphy of marine sediments. Mar. Micro-
paleont., 1: 325-362.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


