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ABSTRACT

This paper deals with the radiolarian biostratigraphy of Middle-Upper Jurassic

pelagic siliceous successions of the Southern Alps and Western Sicily (Italy).
The crucial complement to this research is the occurrence of ammonites in the
studied successions (Rosso Ammonitico Medio: the intermediate siliceous
member of the Rosso Ammonitico Formation), as well as in the under- and

overlying sediments (Rosso Ammonitico Inferiore and Rosso Ammonitico
Superiore, respectively). The abundance of radiolarians in all successions allow
to analyse them for a twofold purpose: to date directly most of the successions,
and to improve the calibration of radiolarian biozones thanks to the occurrence

of ammonites. The biostratigraphic analysis has been carried out using
the Unitary Associations method, and six new radiolarian biozones have been

defined: the combined occurrence of radiolarians and ammonites provided a

new Bathonian to late Kimmeridgian radiolarian zonation for the Southern

Alps and Western Sicily (Italy). The new Unitary Association Zones show a

good reproducibility throughout the investigated successions, and make possible

a first direct dating and correlation by radiolarians of the Rosso
Ammonitico Medio. Furthermore, the radiolarian biozones reveal a significant di-
achronism for both the lower and the upper limit of the Jurassic pelagic
siliceous facies in the Alpine and Sicilian sections. In the light of new radiolarian

biozones, the age assignments of the Ceniga (Southern Alps) and the
Sant'Anna (Sicily) sections, and the ranges of some taxa are discussed.

RIASSUNTO

La ricerca riguarda la biostratigrafia a radiolari di successioni pelagiche silicee

riferibili al Giurassico Medio-Superiore delle Alpi Meridionali e della Sicilia
occidentale (Italia). L'aspetto più importante è la presenza di ammoniti sia

nelle successioni studiate (Rosso Ammonitico Medio: porzione intermedia
silicea della Formazione del Rosso Ammonitico) sia in quelle sotto- e sovrastanti

(rispettivamente Rosso Ammonitico Inferiore e Rosso Ammonitico
Superiore). L'abbondanza di radiolari in tutte le sezioni studiate ha permesso di
analizzarli sia per datare direttamente la maggior parte delle successioni sia

per migliorare la calibrazione delle biozone a radiolari grazie alla presenza
delle ammoniti. L'analisi biostratigrafica è stata effettuata con il metodo delle
Associazioni Unitarie e sono state definite sei nuove biozone a radiolari: la co-

presenza di radiolari ed ammoniti ha così fornito una nuova zonazione a

radiolari per l'intervallo di tempo Batoniano-Kimmeridgiano delle Alpi
Meridionali e della Sicilia occidentale (Italia). Le Zone ad Associazioni Unitarie
identificate mostrano una buona riproducibilità tra le sezioni stratigrafiche
analizzate ed hanno permesso una prima datazione e correlazione diretta a

radiolari del Rosso Ammonitico Medio. Le biozone a radiolari hanno inoltre
rivelato un significativo diacronismo sia per il limite inferiore sia per il limite
superiore delle facies pelagiche silicee nelle sezioni alpine e siciliane. Alla luce

dei nuovi dati biostratigrafici forniti dai radiolari sono infine discusse le età

della facies silicea nelle sezioni di Ceniga (Alpi Meridionali) e di Sant'Anna
(Sicilia) e la distribuzione stratigrafica di alcuni taxa.

Introduction

The study of siliceous successions in the Southern Alps and in
Western Sicily (Italy) benefits from the fact that such successions

are approximately coeval and may be referred to analogous

paleogeographic settings. These similarities enable to
compare radiolarian assemblages of different geographic areas
and to correlate different Tethyan paleogeographic regions.
The paleogeographic domains are two pelagic plateaux
(Trapanese Domain in Western Sicily and Trento Plateau in the
Southern Alps) and one basin (Sicanian Domain in Western
Sicily) (Figs. 1 and 2). The age of the studied successions ranges

from the Bathonian to the Kimmeridgian.

The Sicilian chain and the Southern Alps represent
segments of the Alpine collisional belt formed during the
"Tertiary" time along the boundary between the European and

African plates. The Jurassic paleogeographic settings of Sicily
and the Alps result from the breakup of the Triassic carbonate

platform and the subsequent extensional movements. The

platform was divided in several areas with different subsidence

rates, and different paleogeographic domains were formed
(pelagic plateaux, basins and limited areas of platforms) (Figs.
1 and 2). During the Middle Jurassic a general deepening took
place and the deposition of sediments in the Rosso Ammonitico

facies occurred on the pelagic plateaux up to Late Jurassic
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Fig. I. An attempt of paleogeographic
reconstruction of the Sicilian area at the Late Triassic
time (Catalano et al. 1996). Favignana. Balata di
Baida and lmci Mt. sections belong to the pelami.
plateau of the Trapanese Domain: Sant'Anna
section belongs to the Sicanian Basin. The paleogeographic

location of the stratigraphie sections is

only indicative.

(Winterer & Bosellini 1981: Catalano et al. 1996). The Rosso
Ammonitico sediments consist of condensed red nodular
limestone rich in ammonites, and are subdivided in three members
whose ages differ between the Southern Alps and Sicily. The
lower part (RAI: Rosso Ammonitico Inferiore) spans the late

Bajocian-early Callovian in the Alps and the Bathonian-mid
Oxfordian in Sicily. The upper part (RAS: Rosso Ammonitico
Superiore) starts in the mid Oxfordian in the Alps and in the

early Kimmeridgian in Sicily. RAI and RAS are separated by
the intermediate siliceous member (RAM: Rosso Ammonitico
Medio), assigned to upper Callovian-mid Oxfordian in the

Alps and mid Oxfordian-Kimmeridgian in Sicily. The intermediate

siliceous member represents the studied sediments in all
the stratigraphie sections except for SanfAnna (Sicily).

Very few authors have studied the Jurassic radiolarian
assemblages of the Southern Alps and Western Sicily. Kocher
(1981) was the first author who studied radiolarians from the
Southern Alps but mainly in the Lombardian basin. The Ceni-

ga section was first described by Fogelgesang (1975). and then
studied for radiolarians by Baumgartner (1984) and Baumgartner

et al. (1995b). The Coston delle Vette section was first
described by Dal Piaz (1907), then analysed by Bosellini & Dal
Cin (1968) and Della Bruna & Martire (1985), and finally studied

for radiolarians by Beccaro (1998) and Beccaro et al.

(2002). The Cava Vianini was only described by Papa (1994)
for sedimentologie purposes. Concerning Western Sicily, several

authors studied the geology for different aims (Giunta &
Liguori 1972. 1973: Wendt 1964. 1971: Catalano et al. 1989:

Cecca et al. 2001; Catalano et al. 2002 among others).
Nevertheless, the radiolarian papers regarding the Sicanian Basin
have been mainly focused on the SanfAnna section (Riedel &
Sanfilippo 1974: Mascle 1973. 1979; Baumgartner et al. 1980;

Origlia-Devos 1983: Baumgartner 1984: De Wever et al. 1986;

Aita 1987: De Wever 1995) because of its rich fossil content
(ammonites, belemnites. brachiopods. echinoderms. nannofos-
sils). Other Sicanian sections were studied by Kito et al. (1990)
and Kito & De Wever (1992. 1994).

Generally, the close association of ammonite-bearing beds

with levels containing well-preserved radiolarians is quite rare.
In the investigated sections, the ammonites occur both in the

under- and overlying sediments and. in some instances, also
within the siliceous successions: This fact motivates the analysis

of radiolarian assemblages in the selected sections. The
abundance of radiolarians enables to study them for a twofold
purpose: to date directly most of the siliceous facies (whose

age was generally based on the ages of the bracketing formations)

and to improve the calibration of radiolarian zones by
ammonite zones.

This paper deals with the main results of the author's PhD
research (Beccaro 2002) where radiolarian assemblages were
studied for the first time in the following sections: Fornazzo
Strada. Fornazzo Cava. Castello Inici. Balata di Baida, Favignana

(North-western Sicily) (Beccaro 2002. 2004a) and Cava
Vianini (Southern Alps) (Beccaro 2002). Concerning the
SanfAnna (South-western Sicily) and the Ceniga (Southern Alps)
sections, new radiolarian data improved the former biochronologic

assignments. New species of Nassellaria (Fultacapsa
ozvoldovae, Podobursa andreai, Podobursa vannae, Loopus
doliolum martae) and Spuntellarla (Emiluviapeteri, Triactoma
enzoi) from the cited sections have been described in Beccaro
2004b.

Lithologie description of the stratigraphie sections

In Western Sicily five stratigraphie sections of the Rosso
Ammonitico Medio (RAM) have been studied in the Trapanese
Domain (pelagic plateau) and one section in the Sicanian
Basin (Fig. 1 The geographic location of these sections is

shown in Figure 3.

Trapanese Domain (North-western Sicily) - Fornazzo
sections are located at the Inici Mt. near Castellammare del
Golfo. The Fornazzo Strada section crops out along the road
to Fornazzo quarry. The RAM is 26 m thick and consists of
well-stratified red siliceous limestone alternating with calcareous

marlstone. Nodules and beds of dark red chert are abundant

(Fig. 4). The Fornazzo Cava section crops out in the old
Fornazzo quarry, and the Castello Inici section is located in
the southwestern side of the Inici Mt. In both sections the
RAM is incomplete and it is 8 m and 13 m thick, respectively.
The lithology is the same as at Fornazzo Strada and the main

S22 P. Beccaro
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difference is the occurrence of macrofossils (ammonites and

belemnites; Fig. 4). The Balata di Baida section crops out
along the orographic left of the Sarcona River at Balata di
Baida village (near Inici Mt.). The RAM is 21 m thick, and it
consists of an alternation of nodular red limestone and
variously coloured chert beds; thin levels of marlstone are
widespread along the section (Fig. 4). The radiolarian preservation
in the Inici sections is moderate. The Favignana succession is

located in the southern coast of the Favignana island (Egadi
Archipelago). The section is 2 m thick, and it consists of thin
limestone and marlstone alternating with thin chert beds black
and red in colour (Fig. 4). Neither the base nor the top of the
siliceous succession crop out. The radiolarian preservation is

very good.
Sicanian Domain (South-western Sicily) - The basinal

succession of Sant'Anna crops out at about 1 km NE of
SanfAnna village (near Sciacca). The stratigraphie section is 9 m
thick, and consists of a regular alternation of whitish limestone
and marlstone; the chert is rare. The base is not exposed
(Fig. 4). The radiolarian preservation is good.

In the Southern Alps three stratigraphie sections have
been studied in the Trento Plateau (Fig. 2). The Cava Vianini

section crops out in an active quarry close to Madonna
della Corona Sanctuary (eastern side of the Garda Lake).
The RAM is 10 m thick, and it consists of an alternation of

dark siliceous limestone and beds chert (light brown, red and
black in colour). Some levels of bentonites occur at the top
of the section (Fig. 4). The radiolarian preservation varies
from moderate to very good. The Ceniga section crops out
near the Sarca River, south of Ceniga village (North of the
Garda Lake). In this section it is also possible to observe the

Early Jurassic platform deposits of San Vigilio Oolite
(oolitic-bioclastic grainstone). The top of San Vigilio Oolite
is overlain by a very thin RAI (20 cm) formed by pink pelagic

limestone and bearing a hardground at its top. The RAM
is 9 m thick, and it consists of an alternation of red siliceous
limestone thinly stratified and thin whitish marlstone. Six
levels of bentonites occur in the middle part of the section

(Fig. 4). The radiolarian preservation is poor. The Coston
delle Vette section is located in the Feltrine Alps (Dolomiti
Bellunesi). Here, the time-equivalent facies of the RAM is

the Fonzaso Formation, which reaches a thickness of 100 m.
The Fonzaso Fm. consists of a quite regular alternation of
packstone and wackestone with subordinate oolitic grainstone

and mudstone, and chert ribbons and nodules (Fig. 4)
(Della Bruna & Martire 1985; Beccaro 1998; Beccaro et al.

2002). The central part of the formation is characterized by
the oolitic grainstone resedimented from the Friuli Platform.
The radiolarian preservation varies from moderate to very
good.

Jurassic radiolarians, Southern Alps, Sicily S23
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sections, except at Coston delle Vette (where the Fonzaso Fm. is the time-equivalent siliceous facies of the RAM) and at Sant'Anna (where a basinal section crops out). The age of the biostratigraphic units

UAZ A-F is provided by calibration with ammonite assemblages found both in the studied successions and in the under- and overlying sediments.
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Fig. 5. Range chart: occurrences of radiolarian taxa used for
the biozonation. The software BioGraph grouped 100 selected

species in 20 Unitary Associations which have been manually

assembled in six Unitary Associations Zones: UAZ A-F.
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Radiolarian biozones UAZ A-F

The radiolarian biostratigraphy illustrated in this paper has

been carried out using the Unitary Associations method (Guex
1977, 1991) and the software BioGraph (Savary & Guex 1991,

1999), and represents a new regional zonation for the Southern

Alps and Western Sicily (Italy). About 130 radiolarian species
have been identified from 8 stratigraphie sections, and 100 taxa
have been retained to construct the zonation (Fig. 5). Also
added to this database are the radiolarian occurrences of the
Coston delle Vette section (Trento Plateau, Southern Alps)
(Beccaro et al. 2002), and the raw data of two Baumgartner's
samples (POB 1703 and POB 1704) of the Ceniga section

(Trento Plateau, Southern Alps) (Baumgartner 1984;

Baumgartner et al. 1995b). The adding of the Baumgartner's samples
was necessary in order to get a radiolarian record also from
the upper part of the Ceniga section that lacked in well
preserved samples from PhD field work. Six Unitary Associations
Zones (UAZ A-F) have been defined (Fig. 5), and the

chronostratigraphic value of each UAZone is provided by
calibration with the ammonites found in the RAM of the studied
sections and in the under- and overlying sediments (RAI and

RAS).

UAZ A (early?-mid Bathonian - early Callovian pars)

UAZ A occurs only at the Coston delle Vette section (Southern

Alps; Fig. 4). Some species characteristic of UAZ A are
illustrated in Plate 1, Figures 1-3. UAZ A is assigned to
early?-mid Bathonian - early Callovian pars thanks to the

presence of early Bathonian ammonites at the top of RAI at
the Coston delle Vette section (Della Bruna & Martire 1985),
and the early Callovian pars age assignment of the following
UAZB.

UAZ B (early Callovian pars - early Oxfordian)

UAZ B is present at the Cava Vianini and Coston delle Vette
sections (Southern Alps; Fig. 4). Species belonging to UAZ B

are shown in Plate 1, Figures 4-11. The base of UAZ B is

dated as early Callovian pars due to the presence of early
Callovian ammonites at the top of RAI (Papa 1994) at the
Cava Vianini section. The upper part of UAZ B is constrained
to early Oxfordian by the well-dated UAZ C.

UAZ C (mid Oxfordian)

UAZ C has been recognized in the Fornazzo Strada,
Fornazzo Cava and Castello Inici sections (North-western Sicily;
Fig. 4). Species belonging to UAZ C are illustrated in Plate
1, Figures 12-13 and 15-18. In the Alpine sections UAZ C
seems missing but no evidence of stratigraphie gaps has been
found. Most likely, UAZ C was not recognized at the Coston
delle Vette section due to the cover, and in the Cava Vianini
section due to the low frequency sampling. At the Ceniga
section the time interval corresponding to UAZ C is proba¬

bly included in the very condensed RAI (Fig. 4). UAZ C
is assigned to mid Oxfordian by the occurrence of ammonite
assemblages belonging to Plicatilis and Transversarium
Zones at the Castello Inici section (Savary 2000), and
Transversarium Zone at the Fornazzo Cava section (Bovero
2000).

UAZ D (mid?-late? Oxfordian)

UAZ D is the most widespread and best recorded biozone in
all the sections except Sant'Anna (Sicanian Domain,
Southwestern Sicily; Fig. 4). Species belonging to UAZ D are shown
in Plate 1, Figures 14 and 19-24. UAZ D is questionably
assigned to mid-late Oxfordian due to the age assignment of the
well calibrated UAZ C (mid Oxf.) and the occurrence of
ammonites referred to the boundary mid-late Oxfordian (Papa
1994) at the base of RAS in the Cava Vianini section (Southern

Alps; Fig. 4).

UAZ E (late? Oxfordian - early Kimmeridgian pars)

UAZ E is well recorded in all sections except Cava Vianini
(Southern Alps), where the time-equivalent facies is the RAS
(Fig. 4). Species belonging to UAZ E are shown in Plate 1,

Figures 25-31. Ammonites belonging to Strombecki Zone
(early Kimmeridgian) occur at the very top of UAZ E at the
Fornazzo Strada section (North-western Sicily) (Bovero 2000)
so that it is likely that UAZ E also comprises the late Oxfordian.

Bentonite levels occur at the top of UAZ D at the Cava
Vianini and Ceniga sections, and at the very base of UAZ E at
the Ceniga section. The time intervals expressed by UAZ D
(mid?-late? Oxfordian) and UAZ E (late? Oxfordian-early
Kimmeridgian pars) suggest that the volcanic activity took
place also in the late Oxfordian-early Kimmeridgian time, and
not only in the mid Oxfordian as stated in the literature (Mar-
tire 1989; Baumgartner et al. 1995b).

UAZ F (early Kimmeridgian para - late Kimmeridgian)

UAZ F has been recognized at the Coston delle Vette
section (Southern Alps), and at the Fornazzo Strada and
SanfAnna sections (Western Sicily; Fig. 4). Species occurring

into UAZ F are illustrated in Plate 1, Figures 32-35.
UAZ F spans all the Kimmeridgian due to the presence of
Divisum Zone (early Kimmeridgian) at the base of the RAS
in the Coston delle Vette section (Southern Alps) (Dal Piaz
1907), and of Cavouri Zone (late Kimmeridgian) at the
Fornazzo Strada section (North-western Sicily) (Bovero 2000).
The extremely base of the RAS at the Fornazzo Strada
section is dated as late Kimmeridgian (Beckeri Zone) (Bovero
2000). In the SanfAnna section (South-western Sicily) the

top of the pelagic siliceous succession is assigned to UAZ F,
and is overlain by ammonite-bearing limestone belonging to
the Hybonotum Zone (early Tithonian) (De Wever et al.
1986).
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Diachronism of the Jurassic siliceous facies between the
Southern Alps and Western Sicily

The stratigraphie correlation through UAZ A-F reveals a

significant diachronism for the lower as well as for the upper limit
of the pelagic siliceous facies in the Alpine and Sicilian
sections.

In the Southern Alps (Trento Plateau) the siliceous deposition

began in the early?-mid Bathonian-early Callovian pars
(UAZ A) at the Coston delle Vette section, in the early
Callovian pars - early Oxfordian (UAZ B) at the Cava Vianini,

and in the mid?-late? Oxfordian (UAZ D) at the Ceniga
section (Fig. 4). In North-western Sicily (Trapanese Domain)
the siliceous deposition started in the mid-late Oxfordian:
UAZ C (mid Oxf.) at the Fornazzo Strada, Fornazzo Cava and
Castello Inici sections; UAZ D (mid?-late? Oxf.) at the Balata
di Baida and Favignana sections. In the basinal section of
SanfAnna the onset of the siliceous facies is the youngest: UAZ E
(late? Oxf.-early Kimm, pars) (Fig. 4). On the other hand,
UAZ D (mid?-late? Oxf.) corresponds to the final phase of
the siliceous deposition at the Cava Vianini section (Southern
Alps), and UAZ E (late? Oxf.-early Kimm, pars) corresponds
to the final phase of the siliceous deposition in the Ceniga
section (Southern Alps). UAZ F (early Kimm, paw-late Kimm.)
indicates the end of the siliceous facies at the Coston delle
Vette (Southern Alps), Fornazzo Strada and Sant'Anna
(Western Sicily). The diachronism of the ending of the
siliceous facies in the Fornazzo Cava, Castello Inici and Favignana

sections is only due to the incompleteness of the successions

(Fig. 4).
As can be inferred by the above discussion, the diachronism

of the siliceous facies occurs within the same paleogeographic

domain as well (Fig. 4). The three Alpine sections
were located in different sectors of the Trento Plateau, and the
diachronism suggests that local topography and/or tectonic
movements primarily controlled the onset of the siliceous
deposition. Different bottom morphology and tectonics may
have influenced different spatial and temporal distribution of
the siliceous facies: the oldest onset and the youngest end took
place at Coston delle Vette (located in a transitional area
between Trento Plateau and Belluno Basin) while the youngest
onset was at Ceniga (located near the strongly tectonic active
Garda Escarpment). On the other hand, the Sicilian sections

belonging to the Trapanese Domain were paleogeographically
very close to each other, and the diachronism of the onset

amongst them is minor (only Favignana section shows a rather

younger onset but its base does not crop out).

Age assignment discussion on the siliceous facies at Ceniga
(Southern Alps) and SanfAnna (Sicily)

In the light of new radiolarian biozones UAZ A-F, the age
assignments of the Ceniga (Trento Plateau, Southern Alps) and
the Sant'Anna (Sicanian Domain, South-western Sicily)
sections have been discussed.

Concerning the Ceniga section, the time interval stated in
the previous papers (Baumgartner 1984; Baumgartner et al.

1995b) spans the mid Callovian to early Tithonian. The
radiolarian assemblages of the new samples CE 0.80 and CE 5.20

belong to UAZ D (Fig. 4) and assign most of the section to
mid?-late? Oxfordian. The radiolarian content of the new
samples CE 5.77, CE 5.90 and CE 6.90 belong to UAZ E
(Fig. 4), and refer the upper part of the section to late?
Oxfordian-early Kimmeridgian pars. The last two samples (POB
1703 and POB 1704) are from Baumgartner's sampling and
they were assigned to late Oxfordian-early Tithonian (Baumgartner

1984). The radiolarian assemblages of these samples
belong now to UAZ E (late? Oxf.-early Kimm. pars). In
account of this research, the age of the Rosso Ammonitico
Medio at the Ceniga section is restricted to mid? Oxfordian-
early Kimmeridgian pars (UAZ D-E) (Fig. 4). This age
assignment highly differs from those stated for other sections in
the Trento Plateau, where the RAM is referred to late
Callovian - mid Oxfordian (e.g., Cava Vianini, this paper;
Martire 1996).

Concerning the Sant'Anna section, several authors
assigned it to a variety of ages: mid Oxfordian to mid Tithonian

(Origlia-Devos 1983), mid Oxfordian to early Kimmeridgian

(De Wever et al. 1986), mid-late Oxfordian to late

Oxfordian-early Kimmeridgian (De Wever 1995). The radiolarian

content of the new sample SA 0.35 belongs to UAZ E

(Fig. 4) and constrains the first layers of the succession to
late? Oxfordian-early Kimmeridgian pars. The radiolarian
assemblages of the new samples SA 5.10 and SA 9.10 belong to
UAZ F (Fig. 4) and date the middle and upper parts of the
section to early Kimmeridgian para-late Kimmeridgian. This
age assignment is consistent with the early Tithonian age of
the ammonite assemblages found at the base of the overlying
nodular limestone (De Wever et al. 1986). The present study
now restricts the age of the pelagic siliceous succession of the
SanfAnna section to the late? Oxfordian-late Kimmeridgian
(UAZ E-F).

Age assignment discussion for some taxa

After the calibration of UAZ A-F through ammonite zones,
the stratigraphie distribution of some taxa can be compared
with those of Baumgartner et al. (1995a). In the following
discussion the lettered UAZones (e.g., UAZ A) refer to the

new biozones illustrated in the present paper; the numbered
UAZones (e.g., UAZ 8-13) refer to the biozones of
Baumgartner et al. (1995a). Some age considerations were illustrated

also in Beccaro (2004a) concerning Eucyrtidiellum
unumaense s.l. (Yao) and Williriedellum marcucciae
Cortese. The ranges of these species remained unchanged
after the new zonation by UAZ A-F: Eucyrtidiellum
unumaense s.l. (Yao) and Williriedellum marcucciae
Cortese extended to mid Oxfordian (and not only to early
Oxfordian as the previous assignment of Baumgartner et al.

1995a).
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Podobursa polyacantha (Fischli) (PI. 1, Fig. 14)

Its range is assigned to UAZ 5-8 (latest Baj.-early Bath, to mid
Call.-early Oxf.) but in the studied sections P. polyacantha
reaches the very base of UAZ D (mid?-late? Oxf.) (Fig. 5).

Ristola altissima altissima (Rüst) and Ristola altissima nodosa

Hori (Pl. 1, Figs. 13 and 30, respectively)

The age of R. altissima altissima is stated as UAZ 7-12 (late
Bath.-early Call, to early-early late Tith.). In the studied
sections R. altissima altissima first appears in UAZ C (mid Oxf.),
and its ancestral form R. altissima major Baumgartner & De
Wever occurs in samples assigned to UAZ B (early Call, pars-
early Oxf.) at the Coston delle Vette section (Southern Alps)
(Beccaro et al. 2002). Furthermore, R. altissima altissima

disappears at the top of UAZ E (late? Oxf.-early Kimm, pars)
when R. altissima nodosa first appears. R. altissima nodosa was

comprised in the synonymy of R. altissima altissima in
Baumgartner et al. 1995c and this fact explains the long range (UAZ
7-12: late Bath.-early Call, to early-early late Tith.) of the latter

species. R. altissima nodosa is very probable the transitional
form between R. altissima altissima and R. cretacea

(Baumgartner), whose range is UAZ 12-17 (early-early late Tith. to
late Val.). It is therefore reasonable that the range of R. altissima

altissima (UAZ 7-12: late Bath.-early Call, to early-early
late Tith.) is restricted to UAZ C-E (mid Oxf. - early Kimm.
pars).

Syringocapsa spinellifera Baumgartner (Pl. 1, Fig. 34)

Its range is referred to UAZ 9-12 (mid-late Oxf. to early-early
late Tith.) but in the studied sections S. spinellifera does not

appear before UAZ F (early Kimm, para-late Kimm.) (Fig. 5).
The age assignment of this taxa should be reconsidered in the

light of the present data.

Tetratrabs bulbosa Baumgartner and Tetratrabs zealis

(Ozvoldova) (Pl. 1, Figs. 21 and 22, respectively).

T. zealis (UAZ 4—13: late Baj. to latest Tith.-earliest Berr.)
disappears towards the top of UAZ E (late? Oxf.-early Kimm.
pars) whereas is stated to reach the earliest Berriasian (Baumgartner

et al. 1995c). T. bulbosa is assigned to UAZ 7-11 (late
Bath.-early Call, to late Kimm.-early Tith.) but it first appears
in UAZ D (mid?-late? Oxf.).

Conclusions

The main conclusions of this research concern the definition of
six new radiolarian biozones for the Southern Alps and Western

Sicily (Italy), the dating of the intermediate pelagic
siliceous member (Rosso Ammonitico Medio) of the Rosso
Ammonitico Fm. in the studied area, and the correlation of the
investigated successions by means of the new radiolarian bio-
zones.

Nine stratigraphie sections of the Rosso Ammonitico
Medio or time-equivalent siliceous facies have been analysed
in the Southern Alps and Western Sicily. Six new radiolarians
biozones (UAZ A-F) have been defined (Figs. 4 and 5): UAZ
A (early?-mid Bath.-early Call, pars), UAZ B (early Call,
para-early Oxf.), UAZ C (mid Oxf.), UAZ D (mid?-late?
Oxf.), UAZ E (late? Oxf.-early Kimm, pars), UAZ F (early
Kimm, para-late Kimm.). The chronostratigraphic value of
each UA Zone is provided by calibration with the ammonites
found in the same stratigraphie sections. The new UAZones
show a good reproducibility throughout the investigated
successions, and make possible the first correlation by radiolarians

of the intermediate siliceous member of the Rosso
Ammonitico Fm. between the Southern Alps and Western Sicily
(Fig. 4).

The newly defined radiolarian biozones also confirm the
diachronism of the Middle Jurassic siliceous deposition in the
studied area. On the Trento Plateau (Southern Alps) the
siliceous deposition began in the early?-mid Bathonian - early
Callovian pars (UAZ A) at the Coston delle Vette section, in
the early Callovian pars - early Oxfordian (UAZ B) at the
Cava Vianini, and in the mid?-late? Oxfordian (UAZ D) at

the Ceniga section (Fig. 4). In the Trapanese Domain
(Northwestern Sicily) the siliceous deposition started in the mid-late
Oxfordian: UAZ C (mid Oxf.) at the Fornazzo Strada,
Fornazzo Cava and Castello Inici sections, and UAZ D (mid?-
late? Oxf.) at the Balata di Baida and Favignana sections. In
the Sicanian Basin (South-western Sicily) the onset of the
siliceous facies at the SanfAnna section was in UAZ E (late?
Oxf.-early Kimm, pars) (Fig. 4).

In the light of the new radiolarian biozones UAZ A-F, the

age assignments of the Ceniga and SanfAnna sections have
been compared with the literature data. The age of the Ceniga
section has been restricted to mid? Oxfordian - early
Kimmeridgian pars (UAZ D-E), and the age of the Sant'Anna
section is now referred to the late? Oxfordian - late Kimmeridgian

(UAZ E-F) (Fig. 4).
Thanks to the calibration with ammonites, some range

considerations have been stated for certain taxa. The age of
Podobursa polyacantha (Fischli) is extended to mid-late
Oxfordian. At least for the studied area, it could be possible that:
Syringocapsa spinellifera Baumgartner does not appear
before early Kimmeridgian, Tetratrabs bulbosa Baumgartner
does not appear before the mid Oxfordian, the range of Ristola

altissima altissima (Rüst) is restricted to mid Oxfordian -
early Kimmeridgian pars.

The radiolarian biostratigraphy by means of new UAZ
A-F is a contribution for a better-defined radiolarian zonation
of the Jurassic Mediterranean Tethys. All radiolarian data
provided by this research will be used both to improve the zonation

of the INTERRAD Jurassic-Cretaceous Working Group
(Baumgartner et al. 1995d), and to create a database for the
definition of new radiolarian biozones for the Jurassic
Mediterranean Tethys.

S28 P. Beccaro



Acknowledgements

I would like to thank the supervisors of my PhD thesis: Prof. Peter O.
Baumgartner (Université de Lausanne. Switzerland). Dr. Spela Goriéan (Paleonto-
loäki Institut ZRC-SAZU. Ljubljana, Slovenia). Prof. Marta Marcucci
(University of Florence, Italy) and Dr. Luca Martire (University of Turin, Italy). I

am also grateful to the reviewer Dr. Luis O'Dogherty (Universidad de Cadiz,
Spain) for having improved this paper by helpful comments.
The scanning electron micrographs have been taken at the University of
Florence and University of Turin (Italy), at the University of Bristol (Great
Britain) and at the Paleontoloäki Institut ZRC-SAZU (Ljubljana. Slovenia).

REFERENCES

Aita. Y. 1987: Middle Jurassic to Lower Cretaceous Radiolarian Biostratigra¬
phy of Shikoku with Reference to Selected Sections in Lombardy Basin
and Sicily. Tohokun Univ., Sci. Rep.. 2nd ser. (Geol.), 58/1, 1-91.

Baumgartner, P.O. 1984: A Middle Jurassic-Early Cretaceous low-latitude
radiolarian zonation based on Unitary associations and age of Tethyan
radiolarites. Eel. geol. Helv., 77/3, 729-837.

Baumgartner, P.O., De Wever, P. & Kocher. R. 1980: Correlation of
Tethyan Late Jurassic-Early Cretaceous radiolarian events. Cah.

Micropaléontologie, 2, 23-85.

Baumgartner, P.O., Bartolini, A., Carter, E.S., Conti, M., Cortese, G.,
Danelian, T., De Wever. P., Dumitrica, P., Dumitrica-Jud, R.,
Gorican, S., Guex, J.. Hull, D. M., Kito. N., Marcucci, M., Matsuoka,

A., Murchey, B., O'Dogherty, L., Savary. J., Vishnevskaya, V.,
Widz, D. & Yao, A., 1995a: Middle Jurassic to Early Cretaceous radiolarian

biochronology of Tethys based on Unitary Associations. In: Middle
Jurassic to Lower Cretaceous Radiolaria of Tethys: Occurrences, Systematics,

Biochronology. Baumgartner, P.O. et al. (Eds.). Mémoires de

Géologie (Lausanne), 23, 1013-1043.

Baumgartner, P.O., Martire, L., Gorican, S., O'Dogherty, L., Erba, E.

& Pillevuit, A. 1995b: New Middle and Upper Jurassic radiolarian
assemblages co-occurring with ammonites and nannofossils from the Southern

Alps (Northern Italy). In: Baumgartner, P.O. et al. (Eds.): Middle
Jurassic to Lower Cretaceous Radiolaria of Tethys: Occurrences, Systematics,

Biochronology. Mémoires de Géologie (Lausanne), 23, 737-749.

Baumgartner, P.O., O'Dogherty, L., Gorican, S., Dumitrica-Jud, R.,
Dumitrica, P., Pillevuit, A., Urquhart. E., Matsuoka. A.,
Danelian, T., Bartolini, A., Carter, E.S., De Wever, P., Kito, N.,
Marcucci, M. & Steiger. T. 1995c: Radiolarian catalogue and systematics

of Middle Jurassic to Early Cretaceous Tethyan genera and species. In:

Baumgartner, P.O. et al. (Eds.): Middle Jurassic to Lower Cretaceous
Radiolaria of Tethys: Occurrences, Systematics, Biochronology.
Mémoires de Géologie (Lausanne), 23,37-685.

Baumgartner, P.O., O'Dogherty, L., Gorican, S., Urquhart, E., Pille¬
vuit, A. & De Wever, P. Eds. 1995d: Middle Jurassic to Lower Cretaceous

Radiolaria of Tethys: Occurrences, Systematics, Biochronology.
Mémoires de Géologie (Lausanne), 23, 1-1172.

Beccaro, P. 1998: Biostratigrafia a Radiolari della Formazione di Fonzaso
(Giurassico medio-superiore. Dolomiti Bellunesi). Graduation Thesis,
University of Turin, Italy, (unpubl). 1-163.

Beccaro, P. 2002: Radiolarian Biostratigraphy of Middle-Upper Jurassic

Pelagic Siliceous Successions of Western Sicily and Southern Alps (Italy).
PhD Thesis. XIV ciclo. University of Florence. Italy, (unpubl.), 1-134.

Beccaro, P. 2004a: Upper Jurassic Radiolarians from Inici Mountain area
(Northwestern Sicily, Italy): Biochronology and Calibration by
Ammonites. Riv. It. Pal. Strat., 110/1. 289-301.

Beccaro, P. 2004b: New Middle and Upper Jurassic radiolaria from western
Sicily and Southern Alps (Italy). Razprave IV, Razreda SAZU, XLV-3,5-27.

Beccaro, P.. Baumgartner, P.O. & Martire, L. 2002: Radiolarian bios¬

tratigraphy of the Fonzaso Formation, Middle-Upper Jurassic, Southern
Alps, Italy. Micropaleontology 48, suppl. 1,43-60.

Bosellini, A. & Dal Cin, R. 1968: Il Giurassico medio-superiore di Fonzaso

(Feltrino Occidentale). Istituto di Geologia dell'Università di Ferrara,
Sezione IX. Scienze Geologica e Paleontologica, 4,237-247.

Bosellini, A., Masetti D. & Sarti M. 1981: A Jurassic "Tongue of the
ocean" infilled with oolitic sands: the Belluno Trough, Venetian Alps,
Italy. Marine Geology, 44,59-95.

Bovero, A. 2000: Analisi paleontologica e stratigrafica del Rosso Ammoniti-
co (Giurassico medio-superiore) nella sezione Fornazzo di Monte Inici,
Sicilia Occidentale. Graduation Thesis, University of Turin, Italy,
(unpubl.), 1-173.

Catalano, R., Di Stefano, P. & KozuR, H. 1989: Lower Permian Albaillel-
lacea (Radiolaria) from Sicily and their stratigraphie and paleogeographic
significance. Rend. Accad. Se. Fis. Mat. Napoli, IV, LVI. CXXVIII, 80-113.

Catalano. R., Di Stefano, P., Sulli. A. & Vitale. F.P. 1996: Paleogeogra-
phy and structure of the Central Mediterranean: Sicily and its offshore
area. Tectonophysics 260, 291-323.

Catalano, R., Lo Cicero. G. & Sulli. A. 2002: Geology of Sicily: an intro¬
duction. In: Santantonio, M. (Ed): General Field Trip Guidebook, VI
International Symposium on the Jurassic System, 12-22 September 2002.

Palermo. Italy. 1-320.

Cecca, F., Savary, B.. Bartolini. A.. Remane. J. & Cordey. F. 2001: The
Middle Jurassic - Lower Cretaceous Rosso Ammonitico succession of
Monte Inici (Trapanese domain, western Sicily): sedimentology, biostratigraphy

and isotope stratigraphy. Bull. Soc. Géol. France, 172/5,647-660.
Dal Piaz, G. 1907: Le Alpi Feltrine. Memorie del Reale Veneto Istituto di

Scienze, Lettere ed Arti, 27/9,1-162.
Della Bruna, G. & Martire, L. 1985: The Jurassic succession (Pliensbachian-

Kimmeridgian) in the Feltre Alps, Belluno. Riv. It. Pal. Strat., 91/1,15-62.
De Wever, P. 1995: Radiolarians from the Sciacca Zone, Santa Anna. Sicily

(Italy). In: Baumgartner, P.O. et al. (Eds.): Middle Jurassic to Lower
Cretaceous Radiolaria of Tethys: Occurrences, Systematics, Biochronology.

Mémoires de Géologie (Lausanne), 23,839-845.
De Wever, P., Geyssant, J.R., Azéma, J., Devos, L, Duée, G., Manivit. H. &

Vrielynck, B. 1986: La coupe de Santa Anna (Zone de Sciacca, Sicile):
une synthèse des apports des macro-, micro- et nannofosilles du Jurassique
supérieur et Crétacé inférieur. Revue de Micropaléontologie. 29/3.141-186.

Fogelgesang, J.F. 1975: Géologie du Monte Baldo septentrional (Prov. de

Trente, Italie) et aspects géochimiques de la sédimentation pélagique
tridentine et lombarde au Jurassique. Thèse 3im,: cycle, Université Pierre et
Marie Curie (unpubl.), Paris, 1-178.

Giunta, G. & Liguori, V. 1972: Geologia dell'estremità nord-occidentale
della Sicilia. Riv. Min. Sic, 136-138: 165-226.

Giunta, G. & Liguori, V. 1973: Evoluzione palaeotettonica della Sicilia. Boll.
Soc. Geol. Ital., 92, 903-924.

Guex, J. 1977: Une nouvelle méthode d'analyse biochronologique. Bull. Géol.
Lausanne, No 224,309-322.

Guex, J. 1991: Biochronologic Correlations. Springer-Verlag. 1-252.

Kito, N. & De Wever, P. 1992: Nouvelles espèces d'Hagiastridae (Radio¬
laires) du Jurassique moyen de Sicilie (Italie). Revue de Micropaléontologie,

35/2,127-141.
Kito, N. & De Wever, P. 1994: New species of middle Jurassic Actinommidae

(Radiolaria) from Sicily (Italy). Revue de Micropaléontologie, 37/2,123-134.

Kito, N., De Wever, P., Danelian, T. & Cordey. F. 1990: Middle to Late
Jurassic radiolarians from Sicily (Italy). Marine Micropaleontology, 15,

329-349.

Kocher, R.N. 1981: Biochronostratigraphische Untersuchungen oberjuras-
sicher Radiolarienführender Gesteine, insbesondere der Sudalpen. Mitt.
Geol. Inst. ETH Univ. Zurich, N.F. 234,1-184.

Martire, L. 1989: Analisi biostratigrafica e sedimentologica del Rosso Am¬

monitico Veronese dell'Altopiano di Asiago (VI). PhD thesis. University
of Turin, Italy, (unpubl.), 1-166.

Martire. L. 1992: Sequence stratigraphy and condensed pelagic sediments.

An example from the Rosso Ammonitico Veronese, northeastern Italy.
Paleogeography, Paleoclimatology, Paleoecology, 94,169-191.

Martire. L. 1996: Stratigraphy, Facies and Synsedimentary Tectonics in the
Jurassic Rosso Ammonitico Veronese (Altopiano di Asiago, NE Italy).
Facies, 35,209-236.

Mascle, G.H. 1973: Etude géologique des Monts Sicani (Sicile). Thèse de

Doctorat d'Etat, Université Pierre et Marie Curie, Paris, 1-691.

Mascle, G.H. 1979: Etude géologique des Monts Sicani (Sicile). Riv. It. Pal.

Strat., Memoria, 16,1-431.

Jurassic radiolarians, Southern Alps, Sicily S29



Origlia-Devos. I. 1983: Radiolaires du Jurassique supérieur - Crétacé in- Savary. J. & Guex. J. 1999: Discrete Biochronologic Scales and Unitary As-
ferieur: Taxonomie et révision stratigraphique (zone du Pinde-Olonos. sociations: Description of the BioGraph Computer Program. Mémoires
Grèce, zone de la Sviacca. Italie. Complexe de Nicoya. Costa Rica et for- de Géologie (Lausanne). 34. 1-281.

ages du DSDP. Université Pierre et Marie Curie. Paris, (unpubl.). 1-328. Wendt. J. 1964: Stratigraphisch - Palaontologische Untersuchungen im Dog-
Papa. G. 1994: Analisi stratigrafica del Rosso Ammonitico Veronese nell'area ger Westsiziliens. Boll. Soc. Pal. It.. 2/1. 57-145.

di Spiazzi di Monte Baldo (VR). Graduation Thesis. University of Torino. Wendt. J. 1971: Geologia del Monte Erice (Provincia di Trapani. Sicilia Occi-

Italy. (unpubl.). 1-156. dentale). Geol. Rom.. 10. 53-76.

Riedel. W.R. & Sanfilippo. A. 1974: Radiolaria from the southern Indian Winterer. EX. & Bosellini. A. 1981: Subsidence and sedimentation on
Ocean. DSDP Leg 26. In: Davies. TA.. Luyendyk. B.P. et al. (Eds.): Ini- Jurassic Passive Continental Margin. Southern Alps. Italy. Amer. Ass.

tial Rep. Deep Sea Drill. Proj.. 26. 771-814. Petr. Geol. Bull.. 65. 394-421.
Savary. B. 2000: L'Ammonitico Rosso du Jurassique moyen et supérieur de

la zone Trapanaise (Sicile W. Italie): genèse des structures sédimentaires.
discontinuités et implications paléogéographiques. Mémoire du DEA.
PalSed. University Claude-Berbard. Lyon 1. France, (unpubl.). 1-50.

Savary. J. & Guex. J. 1991: BioGraph: un nouveau programme de construe- Manuscript received January 2004

tion des corrélations biochronologiques basées sur les associations uni- Revision accepted February 2005

taires. Bull. Géol. Lausanne. 313. 317-340.

S30 P. Beccaro





Plate 1

Scanning electron micrographs of the most important radiolarians used for the definition of the UAZ A-F are illustrated. For each photo are given the code of
the section, the number of the sample, the UAZone of the sample, and the magnification. The codes of the stratigraphie sections are: BB-Balata di Baida, CI-
Castello Inici, CV-Coston delle Vette, FZC-Fornazzo Cava, FV-Favignana, IN-Fornazzo Strada. SA-Sant'Anna. VN-Cava Vianini.

1 - Eucyrtidiellum unumaense dentalum Baumgartner, CV 60. UAZ A, x250
2 - Stylocapsa oblongata Kocher, CV 60, UAZ A. x200
3 - Unuma echinatus Ichikawa & Yao, CV 60, UAZ A, xl50
4 - Stylocapsa catenarum Matsuoka. VN 2.85, UAZ B, x350
5 - Praewilliriedellum convexum (Yao), VN 2.85, UAZ B. x200
6 - Stichocapsa robusta Matsuoka, VN 2.85, UAZ B, x200
7 - Triactoma parablakei Yang & Wang, VN 0.40, UAZ B, xlOO

8 - Tricolocapsa plicarum s.l. Yao, VN 2.85, UAZ B, x250
9 - Tethysetta dhimenaensis dhimenaensis (Baumgartner). VN 2.85, UAZ B, x250

10 - Eucyrtidiellum ptyclum (Riedel & Sanfilippo), VN 0.40, UAZ B, x250
11 - Williriedellum carpathicum Dumitrica, VN 2.85, UAZ B. x200
12 - Podobursa vannae Beccaro, CI 4, UAZ C, xlOO

13 - Ristola altissima altissima (Rüst). IN 3, UAZ C, xlOO

14 - Podobursa polyacantha (Fischli), CE 5.20, UAZ D. xlOO

15 - Xittts magntts Baumgartner, CI 5, UAZ C, xl20
16 - Eucyrtidiellum unumaense s.l. (Yao), FZC 3, UAZ C, x250
17 - Tritrabs hayi (Pessagno), CI 5. UAZ C. x75
18 - Williriedellum marcucciae Cortese, IN 1, UAZ C, x300
19 - Zhamoidellum exquisitum Hull, IN 3, UAZ D, x200
20 - Angulobracchia biordinalis Ozvoldova, BB 11.70, UAZ D, x200
21 - Tetratrabs bulbosa Baumgartner, CI 8, UAZ D, x60

22 - Tetratrabs zealis (Ozvoldova), IN 3, UAZ D, x60

23 - Napora lospensis Pessagno, IN 8, UAZ D, xlOO

24 - Emiluvia orea Baumgartner, CI 8, UAZ D, x80

25 - Mirifusus dianae minor Baumgartner, CI 15. UAZ E, xlOO

26 - Mirifusus dianae dianae (Karrer), SA 0.35, UAZ E, xlOO

27 - Pseudoeucyrtis sp. B sensu Widz 1991, SA 0.35, UAZ E, xlOO

28 - Podocapsa amphitreptera Foreman, CV 122, UAZ E, xl30
29 - Eucyrtidiellum nodosum Wakita, IN 19, UAZ E, x300
30 - Ristola altissima nodosa HORI, BB 15.10. UAZ E. xl50
31 - Emiluvia ultima Baumgartner & Dumitrica. SA 0.35, UAZ E, xlOO

32 - Pseudoeucyrtis reticularis Matsuoka & Yao, IN 32. UAZ F, xl20
33 - Acaeniotyle umbilicata (Rüst), IN 32, UAZ F, xlOO

34 - Syringocapsa spinellifera Baumgartner, CV 125.6, UAZ F, xlOO

35 - Napora boneti Pessagno, Whalen & Yeh, IN 30, UAZ F, xl50
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