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Riassunto. Vengono descritte e discusse le ricche associazioni .r

palinomorfi rinvenute in due sezìonì stratigrafiche di superficie campi-

onate nel Flysch di Monte Soro (Monti Nebrodi, Sicìlia nord-orien-
tale, Italia). Esse forniscono nuovi dati biostratigrafici utili per meglio

definire l'età di questa successione torbidìtica nella sua:rrer ripo e con

sentire correlazioni. La zonazione a cisti di dinoflagellata definita per

il Cretaceo inferiore nci Mediterranco occidentale, è applic.rra con suc-

cesso alla parte bassa del Flysch di Montc Soro campionata nella

sezìone di Vallone Rosmarino, La cui età rjsulta estes;r dal Valanginiano

sommitale all'Hautcriviano superiore. La sezione di Przzo Gilormo,
invece, mostra una sequenza fining- e thinning-upward di età estesa

dall'Aptiano inferiore all'Aptiano sommitale. Alla sommitàL della suc-

cessione esposta a Monte dellAbate, chc si dimostra un'equivalcnte
lateraie della sezione di Pizzo Gilormo, le ergilie effioranti a Portella
Buffalj documentano nell'Albiano inferiore l'inizio della deposiz-ione

delìe Argille Scagliose Superiori sopra il Flysch di Monte Soro.

Sebbene il Brrremiano non s.i.r presente nei crmpioni analtzz,ati rn

cluesto studio, esso è documentato sia in letteratur:r, sia nella succes-

sjone riconducibile al Flysch di Monte Soro pcrforata dall'Agip presso

Randazzo. Pertanto, l'età del Flysch dì Monte Soro, determinatr per
mezzo dei palinomorfi, si estende dal Valanginiano sommitalc all'Ap-
tiano sommitale. Le cistj fossili di dìnoflagellata, per la loro abbondan-

za, diversità, ottima conserlrzione e co\r.lnrc presenza attraverso la

sezione composita del Flysch di Monte Soro, si dimostrano il migliore
strumento di indagine biostratìgrafica all'interno di questa fornazione.

Viene condotta la rivisitazionc della specie Hystrichosphaeridi
um? aùasíense Below appartenente alle dinoflaeellate: la documentata
presenza dì un archeopyle prec:ingolare e pJacca singola preclude la sua

attribuzione el generc H y st ri ch o sp b aeri di u m D eÍltnclre e lc su ggcrì r ce

l'attribuzione al genere K/eithriasphaeridium Datev, di cui riene pro-
posta Ì'enrendazione. l-a comparsa evolutiva di Kleithriasphaerìdium
atlasiense (Beloq 1982) Torrjcelli comb. nor'. costitLrisce un importante
er,ento biostr:rtigrafico che rpprossina il limite Aptiano/Albiano nelJa

Tcticle.

Abstract. Rìch and well preserved paÌynological assemblages

recovered from two outcrop sections in the Monte Soro Fl1-sch

(Nebrodì lvlountains, NE Sicilv, Italy) are documented and drscussed.

They providc ncs. and valuable information for age determinàtion and

correlation rvithin this turbidite unit in thc t)-pc-f,ref,. The dinoflagel-
late cvst zonation scheme estabiished for the Lower Cretaceous in the

srestern Meditcrrancan region, is successfully applied to the lower por-
tjon of tie Montc Soro Fl,vsch sampled at Vallone Rosmrrino. r:ngìng
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in age from the latest Valanginian to the Late llauterivian. The Pizzo
Gilormo section exhibits a fining and thinning-upward sequerce and is

dated as Early Aptian through latest Aptian. Turbidites of the Monte
dell'Abate succession are proved to be a lateral equivalent of the Monte
Soro Flysch at the Przzo Gilormo se ction. Overlying these turbidìtes,
the shales cropping out at Portella Buffali mark in the Early Albian the
begìnning of the deposition of the Argille Scagliose Superion.
Although the Barremian was not dctccted in the matcrial of the pres-

ent study, it is documented both in the literature and in the succession

drilled by Agìp close to Randrzzo. Fin.rllv. rn rge extending from the

Jatest Valangìniiìn to the latest Aptian is established by means of paly-
nomorphs for the Mor.rtc Soro Flysch. Owing to their abundance,

diversìty, excellent preservation and consistent record throughout the

composite succession of the Monte Soro Flysch, dinofìagellate cysts

represent an optima] tool for age and palaeoenvironment:Ll essesslnent

rvithin this unit.
The reappraisal of the dinoflagellate species Hystrichosphaerid-

ium? atlasiense Bclow is proposed: a single-plate precingular archeopy-
le is documented for the cyst, which precludcs its assignment to the
gents Hystrichosphaeridium Deflandre and suegests the attribution to
the senus Kleíthriasphaeridium Datev, herein emended. The first
appear:rnce of Kleíthriasphaeridium atlasiense (Below, 1982) Torricelli
comb. nol'. is proposed as an important biostratigrephic event close to
the Aptian/Albian boundary in the Tethyan Realm.

Introduction.

This study represents the first extensive use of
palynology for biostratigraphic investigations on the
sedimentary units grouped in the 'Sicilide Complex'
(Ogniben, 1960), cropping out in the Northern Sicilian
Chain (Fig. 1). Data presented in this paper xcquire
weight in the light of the fact that the biostratigraphic
studies previously carried out on the Monte Soro Flysch
(see Coccioni & Monechi, 1994 for a comprehensive
summary), focused on the carbonate microf ossils
(foraminifers, tintinnids, calpionellids, calcareous
nannoplankton), were heavily affected by the scarcity
and/or discontinuous occurrence of the fossil content.
In particular, the shales in the upper portion of the

Monte Soro Flysch $/ere found to be devoid of calcium
carbonate, thus resulting completely barren in terms of
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Fig. 1 - Locatìon map and road map of thc study area, shon-ing location

foraminifers and calcareous nannoflora (Coccioni &
Monechi, 1994) . This is confirmed by the analyses of
smear slides obtained from the same san-rples investigat-
ed for palynomorphs in the present work: in the Vallone
Rosmarino section nannofossil assemblages indicating a

Hauterivian age are generally rich and well preserved; in
contrast, higher in the succession, samples from Pizzo
Gilormo (Aptian), Monte dell'Abate (Aptian) and
Portella Buffali (Albian) are barren (F. Lottaroli, ENI
S.p.A., pers. comm.).

The aim of this paper is to document the rich
assemblages of organic-walled microplankton recorded
throughout a composite outcrop section of the Monte
Soro Flysch and to interpret their stratigraphic distribu-
tion in order to constrain better the age of this unit.
Even though a prelimin;rry paper describing two new
dinoflagcllate cyst species recorded from the lowe r por-
tion of the Montc Soro Flysch has already been pub-
lished (Torri celli, 1997) , the results here presented prove
for the first time the high age-resolution potential of
palynomorphs in the Monte Soro Flys6l and allow to
improve considerably the previous bio-chronosrrari-
graphic framework of this unit.

Geological and stratigraphic framework.

The Monte Soro Flysch crops out extensively in
the Nebrodi Mountains (NE Sicily), a sector of the
Maghrebian orogenic system which is made of a series of
nappes and imbricated thrust-sheets emplaced with an

African vergence during the Tertiary (Ogniben, 1960;
Lentini &.Yezzani 1928; Catalano & D'Argenio, 1982).

of sectìons and additional spot samples (b).

The Monte Soro Flysch is the most internal of the se di-
mentary units grouped by Ogniben (1960) in the
Sicilide Complex' and constitutes the highest strucrural
element among the Africa-verging nappes of the North-
ern Sicilian Chain. The Monte Soro Flysch is tectonical-
ly overlain by the 'Calabride Complex': this contrct
appears evident in the Vallone Rosmarino sectìon (Fig.
2), trunc:rted at rhc top by massive carbonates related to
the Peloritanian thrust front. The stratieraphic base of
the Monte Soro Flysch is never exposed along the chain
(Puglisi & Coccioni, 198/; Coccioni & Monechi 1994),
since this unit is detached and thrusted south-wesrerly
on rlore external units. However, Bouillin et al. (1995)

recognized Upper Jurassic radiolarites (Contrada Lanz-
eri Formation) questionably interpreted as the base of
tne JVlonte 50ro h lvsch.

From a lithological point of view the Monte Soro
Flysch was subdivided into r clayey-crlc.rreous lower
member ;nd .r clayey-arenaceous upper member (Lenti-
rri & Vezzanr 1978; Lentini 1982; Lentini et al. 1987)
with an overall esrimared thickness ol ZOO m (Puglisi &
Coccioni 1982). The first biostratigraphic studies of the
Monte Soro Flysch, based on tintinnids, calpionellids
and foraminifers, were mainly addressed to the marly
and calcareous interbeds of the clayey-calcareous lower
member, since the clayey-arenaceous upper n-rember
proved to be essentially barren of these fossil groups
(Lentini 7973: Yezz;tni 1971; Carmisciano et al. 1983).
Although these works pointed out its Early Cretaceous
age, the Monte Soro Flysch remained one of the most
puzzling sequences of the Maghrebian Chain, both in
terms of chronostratigraphy and palaeogeography
(Lentini et al. 1982). More recently Coccioni 8c Mo-
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nechi (1994) tried to constrain better the age of the

Monte Soro Flysch n'ith the integrated study of plank-
tonic foraminifers and calcareous nannofossils: horvever,

as only scattered outcrops of limited thickness (from
few decimetres to about 10 m) were investigated and

most of the samples proved to be barren, the previous
bio-chronostratigraphic framework was only partialiy
improved by assigning a Late Hauterivian-Early Aptian
age to the samples which were thought to represent the

clayey-calcareous lower member of the studied unit.

Material and methods.

A total of twenty-three samples of shale collected

from two outcrop sections in NE Sicily were processed

and analysed for palynomorphs. The sections are (Fig. 1):

a) Vallone Rosmarino (sample code VR), located

near the village of Alcara li Fusi (Messina Province) on

the eastern side of the Rosmarino River. The strati-
graphic section available for the study is approximatelv
150 m thick and consists of regularly bedded turbidites
mainly made up of fine grained quartzose sandstones

interbedded with dark grey shales (Fig. z). Thin bedded

carbonate nìudstones occur particulrrly in the upper

part of this section, which represents in fact the cleyey-

calcareous lower mcmber of the Monte Soro Flysch in
the sense of Lentini &-Yezzani (1978). As already stated

by the previous workers (Puglisi & Coccioni 1982; Coc-
cioni & Moncchi 1994), the base of the Monte Soro Fly-
sch is never exposed along the Sicilian Chain. The Val-

lone Rosmarino section is tectonically truncated at the

top by a massive carbonate unit reiated to the Peloritan-
ian thrust front.

b) Pizzo Gilormo (sample code GIL-C and GIL-
D), located immediately south of Km 26.5, road SS 289

iMessina province). T]re section ir rpproxim:rreìy l5O m

thick and consists of fine-grained quartzose sandstones

interbedded with blackish and dark green shales. This
turbidite succession exhibits an overall thinning- and

fining-upward trend with thick-bedded sandstone lobe

deposits at the base, thin-bedded lobe fringe de-posits in

the middle and basinal shales .rt the top (Fig. 3).

In addition, a few spot sample s were collected and

analysed for palynology frorn the north-western sur-
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applied in rhi. srudy is not strictly quînrilari\ e (cf.
Brinkhuis 1994), since all the samples prepared were
used for palynostratigraphic evaluation independently
on the overall fossil recovery. Accordingly, percentages
were not used because in samples with low fossil recor-
ery (less than 100 determinable specimens per slide)
they may lead to anomalous values.

The palynological assemblages are composed of
bisaccate pollen, inaperturate pollen and other pollen
grains, trilete spores, dinoflagellare cysrs, acritarchs and
foraminiferal test linings in fluctuating relative abun-
dances. In general the preservation ranges from moderate
to excellent. Wrthin the scope of the presenr study rhe
palvnological assemblages will be onll' qualitatively dis-
cussed pertaining to their biostratigraphic significance.

Light photomicrographs were taken using a Zeiss
Axioplan microscope and interference-conrrast illumi-
nation. For taxonomic citations reference is made to
Williams et al. (1998). Taxa nor included in Williams et
al. (1998) are treared in the systematic section.

All the prep:lration slides exan-rined in rhis srudy
are housed in the palynoiogicaÌ siide collection at the
Stratigraphic Department (STIG) of ENI S.p.A., Agip
Division, San Donato Milanese, Italy.

Palynomorph stratigraphy.

Vallone Rosmarino section.

A total of 9 samples were collected from the shale
beds of the Vallone Rosmarino secrion and analysed for
palynomorphs (Fig. 2). Even though the terrestrially
derived fraction (pollen and spores) is always presenr
and sornetimes abundant, the extremell. diverse marlne
assemblages obtained from these samples (82 taxa of
dinoflagellate cysts and acritarchs have been identified;
Fig. 4), provide the main tool in order to work out a pre-
cise biostratigraphy of the section. The dinoflagellate
cyst zonation scheme established for the Lower Creta-
ceous of the western Mediterr.rneln bv Leereveld (1995,
1997a, 1997b, Fig. 6) has been successfully used as a

framework for the interpretation of the dinoflagellate
cyst distribution.

Base d on the consis tent occurren cc ol Cymr,,-

sosphaeridium,,,,alidum (Pl. Z, Fig. 7) and Batioladinium
-oarigranosum (Pl. 5, Fig. 13) in samples VR 2 and VR 3,

the basal part of the section is assigned to the Caa
dinoflagellat e Zone of Leereveld (1997a), latest
Valanginian-earliest Hauterivian in age. Protoellipsodini-
um touile has its lowest occurrence in sarnole VR 3: since
the first occurrence of this ,."or-r *., proposed by
Leereveld (1997a, b) as an additional evenr for recogni-
tion of the Hauterivian part of the Cva Zone, the
Valanginian/Hauterivian boundary probably lies
between samples VR 2 and VR 3. This assessmenr is sup-

KEY

PALYNOLOGÌCAL

EVENTS

x, plaîei

C, gtonulotum, O. incompÌum
P erboe

C. porva, C. psygmo,
P spinacrisloîum

GIL-D8

GtDT
GIt-Dó

-Gtt 
c3

--J

GIL-Có ---t P creloceum
_clL_CB ___J P secutigerum, A. jodinus

Fig. 3 - Schcmatic rcprcsent:rtion of the Pizzo Gilomo sectior
wìth litholoey (dark eray shales, siltstones rnd quarrz :rnd-
stones), sanplc position, kev pall'nolotical events and cor-
respondin* chronostratisraphv. Samples missing with
respect ro progressìr.e numberins frorn GIL-C I to GIL-C
8 r.ere collected fron pall.nologicrlly barren sandsrones for
prr r,,gr.rphii ìnr c'r ig.rrionr.

roundings of rhe city of Cesarò (Messina Province), in
order to verify the litho- chronosrratigraphic attribution
of rhe sediments forming the Monte dell'Abate-Portella
Buffali area.

The standard palynological processing technique
involved cold chemical treatment of 2O g of sediment
rvith HC1 (38%) to remove rhe c:rlcareous fraction and
with HF (a0%) to remove silicates, sieving with 250 pm
and 15 ptm meshes, hear,y liquid separarion u,ithZnCl2
and centrifuging to concenrrare the residues. Two slides
were prepared for each sample using residue grearer rhan
15 pm and Canada balsam as a mounring medium. No
oxidation was required. One slide per sample was entire-
ly counted in order to obtain the relative abundances of
palynomorph taxa, whereas the second slide was exam-
ined to check for the presence of rare species. The ana-
lytical results are presenred in the quanrirarive distribu-
tion charts with the corresponding bio-chronosrrari-
graphic attributions (Figs. 4, 5). The analytical method
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PLATE 1

Dinofl;rgellate c,vsts from the Monte Soro Flr.sch (vR - \hllone Rosmarino section)

For all magnifications reference is made to thc scrle bar : 40 ltrn.

(1,7) l,tLrierongia stdurpta,sanple VR fi. (2) Mutlerongia siciliana, sample VR 4. (3) Ilutlerongia siciliana, sample VR 6. (4) trluderongia simplex
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I

f5 
P os d nium ech natum

146 Rhombodella vesca

147 Rhvnchodiniopsrs c adoohora
I

f 
8 Stanfofdella ?cretacea

f9 
Cefebfocysla sp.

150 
Daps lidinium multlspinosum
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Kiokanslum un tuberculat!m

]52 
Leptodinlummillioudii
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llluderongra paflata

154 
Ne'osiso _-- hesoe.us brev.sp nosur

]55 
Occis!cysta duxburyi

156 
O gosphaeadrum p!lchernm!m

157 
Phoberocysla lèbulala

158 Stiphrosphaeridl!m a.bustum

159 stiphrosphaeridium dictvophorum

F0 
Syslemalophorasylibum

p1 Dlssilìodinium spp.

62 Druggidium rhabdoreiiculal!m

vJ uoila!arP,ÉE,c Lr. uvdrd

64 Bourkidinium elegans

65 Cassiculosphaeridia retic! ala

66 Ch amydophoreL a sp A of-for.icel 2000

67 Citharlplana caperata

68 K eithriasphaer d !m fasciatum

59 Lithodlnia cf amlasis

70 lMuderong a staurola

71 Rhynchodiniopsis aplana

72 Apfobolocysla e ema

73 Ka osphaeatdium dolomiic!m

/4 Kallosphaeridium spp.

/5 Lithodinia periusa

l5a Subtilisphaera leru a

/6 TanyosphaerÌdium magnelicum

i7 Wallodin um l!na
/8 Canningia grandis
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Batio adinium varigranosum

Bourkidlnium granu alum

Ciaculod nium brevisplnosum / distinctum

Comelodinium spp.

Cr broperidinium gr. edwardsii

Ctenidodinium elegantu um
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110 
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[,,licrhystidium spp.

14 Muderongia simplex

15 Ollgosphaeridium complex

16 Pseudoceaaiium pelliler!m

17 Spiniferiies spp

18 S!bt sphaera perlucida

19 Sublilisphaera senegalensis

20 Tanyosphaeridjum spp

21 Wallodlnium krulzschil

22 Wrevili a helicoidea

23 Achomosphaera nepiunii

24 Achomosphaera gr. ramulifera

25 Avel od nium cf faisilicum

26 Batiacasphaefa macrogranu ata

27 Cribroperldinium Òf. conlossum

ì8 Exochosphaeridium muelleri / phragmiles

U I Gardodin um lfabeculos!m

]0 Hyskichodiniumfurcalum
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ì4 Pareodinia spp

l5 Phoberocyslaneocomica

ì6 Proloellipsodinium loui e

j7 Balio adinium micropodum

i8 Bourkldinium cl cylind.icum

I Cassiculosphaerid a magna
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Fig. 'l - Qriantìtrtive distribution chlrt of dinoflascllate c1,st, acritarch ancl seìected pollcn taxa in the Vallone Rosmarino scction, orclercd
accordins to fìrst occurrences. Samples missìng with respect to progressive numberìng from VR 1 to VR 15 r,ere collected irom palv-
noloelcallY barren sandstones for petrogr;rphic inr-estigatìons. Numbers refer to countcd specincns in a single sficle preparation. The
biostratieraphìcalh. i-0..,,tn, taxe are hìqhlighted. Vertical scale not proportìonal to stratieraphic thicknesses.

PLATF] 2

Dinoflagellate cvsts, rcritarchs and pollcn from the Nfontc Soro Flysch (VR: Vallone Rosm;rrino scction; GIL - Pjz,zo Gìlormo scction). All
rn;rgnìfications x Z5O unless otherwise stltecl.
(1-2) Wallocliniwn l<rutschii, sample VR 1a. (.3) Phoberoclsta neocomíca, sample VR 4. (4-5) Kiokansiunt uttituberculatutt, sample VR 6. (6) per
tosphaeridium pse udl1'srricboclinium x 550, sample C IL-D 9. (7) Acbonosphaeru neptuttii, sernple VR S. (8-9) Ne,rosisp itrrrt hesper^ subsp. Òre
'tispittosurtt' sample VR 6. (10) Neroslspinwn hesperus subsp. hesperus r 550, sample GIL-D 1. .1l) 

Spiniferítes spp., sample Vlì 6. (12) Lepìojini
um millioudíi, sanrple VR 6. (13) Stanfortlella ?cretacea. samplc VR 12. (11) Wre,-ittìa helicoidea, sample VR l. 1is1 Dicbeìropollís etruscis x 55a,
sampìe VR 8.
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Fig. 5 - Conrposite qu;rntitetive distributron clrart of dinoflasellare c].st, :rcritarch end selccted pollen tar;r in the pizzo Gilormo section ancl the
overlfing Portcila Buffali shales, ordered according to first occrLrrences. Sarlples missine rvjth respect to proeressìr,e nlrnberìns fronr
GIL-C 1 to GIL-C 8 u'ere collected from palvnologicallv barren sandstoncs for petrographic investigations. Numbcrs refer to count-
cd specimens in thc v'hole slidc. The biostratigraphicalll-irnportant taxa;rre hiehlighted. Vcrtical scirle nor proportional to stratjgreph-
ic thicknesscs.

ported also by the lowest occurrences in sample VR 3 of
Gardoclinium trabeculosum (Pl. 1, Fig. 8; Pl. 5, Figs. 5,2)
and Hystrichodinium furcatwm (P1.2, Fig. 1), whose total
ranges, according to Srover et al. (1996), do not extend
below the Valan ginian/Hauterivian boundary'.

Although in this section the zonal marker Mud-
erongia sttlurottt (Pl. 1, Figs. 1, Z) first occurs in s:rrnple

VR 10, the interval from sample VR 4 to sample VR 6

can be assigned to the Lower Hauterivian .Msr dinocyst
Zone of Leereveld (1997b) on the basis of the lowest
occurrences of Hapsocysta peridictya (P1. 5, Fig. 16),
Kiokansium unituberculatum (P1.2, Figs. 4-5) andDino,
gtmnium c[. acuminatum sensù Londeix et al. 1996 (Pl.
3, Figs. 12-13). AII these dinostratigraphical events were
in fact proposed as additional criteria for recognition of
the Mst dinocyst Zonein SE Spain (Leereveld, 1997b).k

is worth mentioning that this portion of the Monte Soro
Flysch represents the type-stratum of Muderongia sicil-
iana (PI. 1, Figs. 2-3;PL.6, Fig. 9), a dinoflagell;rre c1-st

species formally described by Torricelli (1997) and
recorded also from the Upper Hauterivi:.rn of the South-
ern Alps (Torricelli, 2000).

The section interval represented by samples VR 8

and VR 10 is referable to the Lst Zone spanning the
Lower/Upper Flauterivian transition, since the lowest
occurrence of Druggidium rhabd,oreticulatum (Pl. 3, Fig.
10-11), herein recorded in sample VR 8, was proposed
by Leereveld (1997b) as an horizon for defining the base

of that dinocyst zone.
The lowest occurrence of the zonal marker

Aprobolocysta eilema (Pl. 5, Figs. 14-15) in sample VR 12

and of several specimens referable to Canningia grandis
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PI-ATF] 3

Dinoflegellate c1-sts from the \'{onte Soro l.-lvsch (\r'R - Vallone Rosmrrino section). All nrrgnifications r Z5O unlcss othenisc stiìted'

(.1'1Pseut|ocerdtiumpeLltferutrt'sarlpleVRt.(2-3)Pseutlocerdtiutttpelltferun'senlp1eVR6.(4)Ctenidod
Ctenidodi/lìinelegantu/utn,s;rrlp1eVR6.(7-8)()ccisuc1stadurbut1ì,s:rmpleV1ì{>.(9)l?.h1,nchodìrtiopsiscladophorrx550'
Drug1ìdiuntrhtbdorericulatunz,sampleVR12.(12) Dinogyrtniurnci.acurniutumsensuLondeixetal.(1996),sampleVRI2..(13)Dinog'mrtium
cl. acttrtinatutt sensu Lonclcir ct ll. (1996), slmple VR 10.



Pl. 488 S. Torricellt

PLATE 4

DinoflagcÌlate cysts frorn the Monte Soro Flvsch (VR: Vellone Rosmtrrino section). A1l n-ragnifications x /50 unless otherr"isc stated.
(I) Cribroperìdìnium gr. ed'oardsii, samplc VR 12. (2'1 Cribroperidiium gr. ed.oardsìi, sample VR 1,4. (3) Crìbroperitliniurt c[. cortJòssurt, stmple
VR 3. (4) Lithodinia pertusa, sample VR 12. (5) Lithodìnia sforerl, samplc VR 14. (6) Ltthodinia cf. antlasis, sarnple VR 10. (2, 1O) Cartnirtgù grart-
r'lls x 600, san-rpie VR 11. (8'1 Batiacasphaerd macrogranilldtd, s^mplt VR 1. (9) Cassiculctsphaeridia reticu/ata, samplc VR 12.
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89P]. 5 Louer Cretaceous Dirtoflagellate cyst stratigrapby in Sicill

PLATE 5

Dinoflaecllete cysts from the N4onte Soro Flysch (VR = Vallonc Rosmarino section). All n-ragnifications x 250 unless othcrs'isc strted.

(1-3) Dingodiniunt cert.iculum, semple VR 12. (1 Dingodinium cer'-iculum, srmpìc VR 6. (5-6) Gardodinìum trabeculosutrt, sanple VR 1. (.7'1 Clar'

dotlirtium trabeculosum, sarnple VR 8. (8) Gardodínium ordinaLe, sample VR 2. (9; Barioladinìun micropodun, sample VR 12. (10) [Jatioladinrurn

rnicropodum, semple VR 1. (11-12) Batiacasphaera cf. o-aata, sample VR 10. (13) Batioladinium ttarìgranosum x 550, sample VR 2. (i1-15)

Aproboloqtstd eilema x 550, sample VR 12. (16) Hapsoq'sta perìdictya, sempie VR'1.

I

13



90 S. TorricelÌt Pl. 6
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PLATE 6

Dinoflrgell.rte cvsrs.rnd rcrjtarchs from the Nlonte Soro Flysch (VR: Vallone Rosmarino section). Ail magnifications x 750.
(1) Nummus sìmilis, sample VR 1. (2) Cassiculosphaeridid magna, sample VR 12. (,31 Cassìculosphaeridia retìcilLdtd, sample VR 4. (.11 Circulodtnr
um disti.nctum, sample VR 8. (,51 Circulodinium brerispirtoszzrz, sample VR 12. (6) CyclonepbeÌiutt maugaad, sanple VR 6. (7) Kalktsphaerirhum
spp., sirmple VR 14. (8) Dìssiliodiniurn spp., sen'rple VR 8. (9) ,L'luderongia sici/idna, sample VR 4. (10-12) Kallosphaeridiurzz spp., sample VR 12.
(.13) PiLosìtlìniunt echinatum, samplc VR,1.

3



Pl.7 Lozeer Cretaceous Dìnoflagellate cyst stratigraphy in Sícily

PLATE 7

Dinoflagellate cvsts from the Nlonte Soro Flysch (VR: Vallone Rosmarino section). All magnificatìons r 750.

(1.) Hlstrichodìnium furcdtum. semplc VR 4. (2-3) Kleithriasphaeridiunt ectìnodes, sample VR 6. () OligosphaeritÌiun conpler, sample VR 14. (5)

Olìgosphaeridiumttiluculurn, s:rrrpleVR 6. (6) Ol.igosphaeridiunpulcherrimun,sttnple VR8. (/) Cyntososphaeritliumcalirtun, sampleVR6. (E)

Cometodmiurn spp., sample VR 4. (9) Achomosphaera gr.ramuli.fera, sample VR 3. (10-11) Subrìlisphaeraperlucida, sample VR 1. (.\2-lr3) Subtil
isphaera senegalensìs, sample VR 12.
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Fig. 6 - Zonal correlation scheme for the Hauterivian-Barremian of
the western Mediterrancan including ammonites, plenkton-
ic foraminifers, calcareous n:rnnoplankton and dinoilagel-
late cysts after Leereveld (1995,1997b).

(Pl. 4, Figs. 7, 10) in sample VR 14, allow the identifica-
tion of the Upper Hauterivian Aei Zone of Leereveld
(1997b) in the uppermost part of the Vallone Rosmarino
section. Moreover, since the extinctions of species

belonging to the genus Bourkidiniwm were calibrated by
Leereveld (1995, 1997b) and Torricelli (2000) close to
the Hauterivian/Barremian boundary in the Tethyan
Realm, the highest occurrences ol Bourkidinìum elegans

(Pl. 8, Figs. 2-4) and B. granulatum (Pl. 8, Figs. 5-8)
recorded in sample VR 14 are remarkably consistent
with this chronostratigraphic attribution. It is notewor-
thy that B. elegans, reported as Bourleiclinium sp. 2 by
Leereveld (1995, 1997b), was formally described from
this type-stratum by Torricelli (1997).

D. rhabdoreticulatum, retained by some workers as

an indicator of warm oceanic waters (Habib & Drugg,
1982; Leereveld, 1995), quantitatively dominates the
dinqcyst assemblage of sample VR 12 (>100 specimens

per slide), whereas A. eilema, regarded as a typical Boreal
taxon (Duxbury, 1977; Leereveld, 1995), is rare in the
same sample (only two specimens were detected). Hence,
analytical data from the Tethyan section of Vallone Ros-
marino seem to confirm the paleoecological preferences

previously inferred for both these dinoflagellate species.

Pizzo Gilormo section.

A total of 14 samples collected from the shale beds

oÍ the Ptzzo Gilormo section in the course of two field
trips (named GIL-C and GIL-D respectively) were

investigated for palynomorphs (Fig. 3). Leereveld (1995,

1997a,1997b) dinoflagellate zonation herein applied to
the Vallone Rosmarino section does not extend above

the Barremian and no other previously established
dinoflagellate zones were identified in the Aptirn por-
tion of the Monte Soro Flysch sampled in the Pizzo
Gilormo section. The chronostratigraphic significance
of the rich palynological assemblages recovered from
this section (86 taxa of dinoflagellate cysts and
acritarchs have been identified; Fig. 5) is thus qualita-
tively evaluated for consistency with published informa-
tion from a variety of ammonite-calibrated middle Cre-
taceous sections in the Northern Hemisphere.

Most of the representatives of the palynological
assemblage obtained from the basal sample (GIL-C 8) of
the Pizzo Gilormo section have their known range base

in the Lower Barremian li.e. Odontocbitìna operculata
(Pl. 9, Fig. 5)] or below. However, the absence of three
distinctive taxa that were recovered from the Vallone
Rosmarino section, namely Pseudoceratium pelliferum
(Pl. 3, Figs. 1-3), whose last appearance was proposed by
Erba (1996) for the approximation of the Barremian/
Aptian boundar,v, Rbyncbodinìopsis aptiana and Phobero-

cysta neocomica (P1. 1, Fig. 5; PI. 2, Fig. 3), whose last
appearances were calibrated in the basal Aptian of the
Southern Alps (Erba et aI. 1,999; Torricelli 2000), consis-
tently with data from the Aptian type-localities (Davey
& Verdier, 1924), suggests an Aptian age for the base of
the Pizzo Gilormo section. This inference is strongly
supported by the remarkable occurrence throughout the
section o[: a) Pseudoceratium securigerum (P1. 10, Figs. 3-
4, 7), a dinocyst species whose range base was docu-
mented from the Lower Aptian (Davey & Verdier 192,t;

Duxbury 1983; Lister & Batten 198S); b) pollen belong-
ine to the genus Afropollis (P1.12, Fig. 15), one of the
first representatives of the angiosperms, whose incep-
tion in the Early Aptian of the Tethys is significantly
younger than the Early Barremian extinction of
Dicbeiropollis etruscus (Hochuli 1981; Doyle et al. 1982),
a gymnosperm pollen recorded at Vallone Rosmarino
(Pl. 2, Fig. 15). Moreover, as suggested by the published

PLATE 8

Dinoflagellate c,vsts ànd acritarchs from thc Monte Soro Flysch (VR: Vallonc Rosmarino section). All magnifications r /50 unless others-isc
s tated.

(1) Subtilnphaera terrula x 600, sampie VR 12. (2-3) Bourleidinium e/egans, sample VR 14. (1) Bourl<ìdìtùum elegans, sample VR 12. (5) Bourki-
dìniunt granularwn, sample VR 2. (6, 8) Bourkidiniunt granuldtum, sanple VR 6. (7) Bourkidinium granulatunt, sa.mple VR 14. (9-10)
Tanl'osphaeritliunz spp., sarnple VR 6. (11) Tanyospbaeridìum nagneticun x 550, sarnple VR 12. (12) CleisrospbaeridiuÍt spp., sample VR 6. (13)
ChLamydophorella nyeí, sample VR 1A. (a) Chlamydophorella rz1ei, sample VR 1. (15) Dapsilidiníum u-anenìi, sample VR 6. (16) Dapsilidiniutn
multíspinosum, sarnple VR 1.A. (.7'1 trlicrhlstrídium spp., sample VR 12. (18) Veryacbium spp., sample VR 8. (91 Rhombodella tesca, sample VR.1.
(2A) Rhonúodella spp., sarnple VR 6.
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40 microns

PI,ATE 9

Dinoflegellete cvsts from the N{onte Soro Flr-sch (GIL - Pizzo Gilormo sectìon). For all m:Lgniîications rcference is nrade to the sc,rle bar - '{0

!rln.
(1'2.)odontochituurh'tkodcs,senlplcGIL-C6.(.])cf.dolltoc/lìtùl'l
sanlpleClL-C6;thc:rrrcln'irrc1iclteselJipt:icl1perforations
odontochìina.l/lc,l,l,silnlPìeGILC1.(/)Completespecitlrcno|()dontrlchitinllnc.dla,

p

4
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Pl. 10 Low,er Cretaceous Dinoflagellate cyst stratigraphy in Sicill'

PLATE 10

I)inoflasellare c1.sts {rom thc Montc Soro Fli'sch (GIL: Pizzo Gilorrno scction). All maenitications x 750 unless othervise rtrted.
(1) Florenrinia manrellii, sampLe GIL-C 8. (2) Oligosphaeridium albertense, sample GIL-C 3. (.3-1,7) Pseudoceratium securígerzrz, sample GIL-C
3.(,5; Hl,strichodiniumpulchrurz,sampleGlL-C1. (6)Pseudoceratiuntcl.eisenacleìl,sarnpleGIL-Cì 1. (8)Pseudoceratiumexpolitwrn,sarnpleGlL-
C 3. (9) Pseudoceratium eisenackíix 550, sanple GIL-C 3. (IA) Apteapol-t,moryhax55a, sarnple GIL-D 5. (11) Pseudocerdrìumretksum x 550, sam-

ple CIL-D 4.
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96 S. TorriceLlt

records of Paheoperidinium cretaceum (Pl. 11, Fig. 1a)

in the Tethyan Realm (Davey & Verdier L974; Below
1982; Torrrcelli 20OO), the lowest occurrence of this
species in sample GIL-C 6 may be used as additional evi-
dence for supporting the Early Aptian age of this part of
the section. P cretaceum is in fact shown to be absent
from the Barremian of the Tethyan Realm (De Renéville
& Raynaud 1981; Srivastava 1984).

The lowest occurrences o{ Protoellipsodinium
spinocristatwm (PI. 11, Fig. 1), Cauca parua (Pl. 11, Figs.

9-13) and Codonìella psygma (P1. 11, Fig. 15) in sample

GIL-C 3 are important events in order to assess a reju-
venation of the Pizzo Gilormo dinoflageilate cyst
rssemblages bec;use: a ) the r:rnge base of P. spinocrìsta-
tum was recorded in the uppermost Bedoulian (Lower
Aptian) of SE France (Davey 8c Verdier, 1974) and cor-
related to the top of the Deshayesl ammonite Zone
(Lower Aptian) in the english sections from the Isle of
Wight (Duxbury 1983) and \flest Sussex (Lister & Bat-
ten 1988); b) although its overall known distribution
ranges down in the Barremian, the first consistent
occurrence of C. paraa in the Tethyan Realm was report-
ed from the Upper Aptian (Davey 8r Verdier 1924;

Stover et aI. 1996); c) C. psygmrr \À/as recorded in the
Atlantic offshore of Morocco as part of dinoflagellate
cyst assemblages indicatìng the Upper Aptian (Below
1984), whereas its occurrence in the Boreal Realm is

higher in the Albian (Davey 1929; Próss1 1990).

Even though so far not retained as marker hori-
zons at low paleolatitudes, the occurrences of Oooid,ini-
um incomptum (PI. 12, Fig. 7) and Catpodinium granula-
tum (P1.11, Fig. 11) in sample GIL-C 1 can be regarded

as the first certain Upper Aptian evidence on rhe basis of
data from northern Europe (Duxbury 1983; Pròss1 1990;

Heilmann-Clausen & Thomsen 1995). This chronos-
tratigraphic attribution is confirmed by the consecurive
lowermost occurrences of Xenascus plotei (Pl. 12, Fig.
5), Tehamadinìum coummia and Kleithriasphaeridium
atlàsiense comb. nov. in the uppermost parr of the sec-

tion from sample GIL-D 8 upward. In particulaq the co-
occurrences in sample GIL-D 1O of K. atlasiense comb.
nov., that was described from the basal Albian of
Morocco by Below (1982) and recovered from the
uppermost Aptian Jacobl ammonite Zone in the Vocon-

tian Basin of SE France (H. Leereveld, written comm.),
and of Tenua bystrix (formerly reported by several work-
ers as Cerbia tabwlata), whose extinction in the Tethys
was calibrated in the basal Albian (Leereveld 1995),

point out the proximity of the Aptian/Albian boundary.
Finally. it may be worth noting the presence in the

Pizzo Gilormo section of two quite distinctive organic-
walled microfossils with uncertain biological affinities,
that have not been reported before outside their respec-
tive type-areas a) Mystheria oleopotrix (PI. 12, Figs. 10,

1Z-18) was described from the Aptian of Brazrl and sup-
posed to be an insect egg (Regali and Sarjeant, 1986); b)
Pinocchiodinium erbae (Pl. 11, Fig. 12; P1.12, Fig. 19)

was described within the Group Acrtiarcha from the Cis-
mon'Apticore' section of the Southern Alps (Italy), and
its total stratigraphic range proposed as a major event for
the Aptian at ltlw paleolatitudes (Torricelli 2000).

Spot samoles from Monte dell'Abate and Portella Buffali.

The Portella Buffali blackish shales crop out 2.5

Km north-west of the city of Cesarò, near the juncrion
of the road which from S. Teodoro reaches the road SS

289 at Portella Buffali (Fig. t). In this area, strongly
affected by tectonics, the contacts between different
tectonostratigraphic units resulting from the deforma-
tion of the Sicilide Basin were recognized. The Shales at
Portella Buffali were reported in the Geological Map of
the Messina Province (Lentini et al. 2000) as part of rhe
Argille Scagliose Superiori sensu Lentini et al. (1995)
and lie on the turbidite deposits exposed on the sourh-
ern flank of Monte dell'Abate.

Three spot samples collected in the lower part of
the Monte dell'Abate succession and analysed for paly-
nomorphs in this study yielded assemblages including,
among others, the dinoflageilate cyst species Pseud.ocer-

atium retuswm, P. securigerum and Tenua hystrix, and the
angiosperm pollen Afropollis jardinws. They unequivo-
cally prove that the turbidites cropping out at Monte
dell'Abate are a lateral equivalent of the Aptian cl.ryey-
arenaceous portion of the Monte Soro Flysch at the
Pizzo Gilormo sect;on.

The overlying Portella Buffali shales, instead,
yielded diverse and excellently preserved dinoflagellate
cyst assemblages characterized by the occurrences of

PLATE 11

Dinoflagellate cysts and acritarchs from the Monte Soro Flysch (GIL - Pizzo Gilormo section). All rnagnifications x Z5O unless otherwise stated.
(1'1 Protoellipsodinium spinocristatutn, sarnple GIL-C 3. (2) Protoellipsodinium spirtosum, sample GIL-C 1. (.3-l) Nernatospbaeropsís spp., sarnple

GIL-C 1; note the well developed single-plate precingular archeopvle. (5) Dapsilidínium multispinosum, sampìe GIL-C 1. (.6) Protoellípsodinium
clarulun x 550, san-rp1e GIL-C 1. (7) Dapsilidiniumuanenii, sample GIL-C 8. (8) Kleithriasphaeridium ?sarmenturn x 550, sample GIL-C 6. (9)

Hypocysto[Caucaparva,sampleGIL-C1. (10)Prolixosphaeridiumpartispinumx55a,sampleGIL-D8.(111 Caryodiniungranulatun,sample
GIL-C 1. (12) Pinocchiodinium erbae x 550, sample GIL-C 1; the arrow indicates the verl' distinctive single lateraì horn (the Pinocchio's nose).
(.13) Cawcaparta, complete specimen, sample GIL-C 1. (14) Palaeoperidinium cretdceunt, sample GIL-C 3. (15) Codoniellapsygma, sample GIL-
C 1. (16) Callaiosphaeridium asymmetricum, sample GIL-C 1. (17) lsolated opercuium of Oligosphaeridìum complex, sample GIL-C 1. (18)
O/igospbaeridium complex, sample GIL-C 1.
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Codoniella psygma, common Kleithriasphaeridium
atlasiense comb. nov., Leberidocysta cblamydata,
Litosphaeridium arunrJum, Prolixosphaeridium conulum,
Tbhamadinium coummia, Tehamadinium mazaganense,

Tenua hystrix and Xenascus plotei (see Plate 13). A com-
parison with the published stratigraphic ranges of these
forms (Stover er a1., 1996) and the homogeneity in their
state of preservation suggest that no reworked material
is present in the assemblage. Since the extinction in the
Tethyan Realm of T. hystrix (formerly reported as Cerbia
tabulata) was calibrated by Leereveld (1995) in the
Thrdefurcata ammonite Zone (Lower Albian), rhe occur-
rence of this species togerher with the raxa menrioned
above constrains the Portella Buffali shales to the Lower
Albian. Although Tehamadinium mdzdganense (Pl. 1.3,

Fig. 15) has previously been reported only from the
Upper Albian of Morocco (Below 1984) and Bahamas
(Masure 1988), the chronostratigraphic attribution of
these shales is further supported by the absence of firm
Middle and Upper Albian dinoflagellate markers as

Xenascus ceratioides, Litospbaeridium siphonipborum and
Palaeohystrichophora infusorìoides, which were ofren
recovered from the Argille Scagliose Superiori of central
northern Sicily (present aurhor, pers. obs.). The samples
discussed in this section were also investigated for cal-
careous nannofossils but proved to be barren (F. Lot-
taroli, ENI S.p.A., pers. comm.).

The Early Albian age of the shales exposed at
Portella Buffali shales, determined by means of palynos-
tratigraphy, is thus slightly younger than the top of the
Monte Soro Flysch succession exposed at Pizzo Gilor-
mo and Monte dell'Abate (latest Aptian). In this frame-
work, the Portella Buffali shales may be regarded as a

transitional interval between of the thinning- and fining-
upward cycle that characterizes the turbidite deposition
of the upper chyey-arenaceous member of the Monte
Soro Flysch and the overlying lithological unrr repre-
sented by the Argille Scagliose Superiori. This chaotic
formation, made up of varicoloured clays, marls and
subordinate sandstones, was likely deposited from the
Albian through the Late Creraceous in stratigraphic
continuity on top of the Monte Soro Flysch, and was
tectonically sandwiched between the Peloritanian and
the Monte Soro units during the emplacement of the
nappe pile in the internai part of the Maghrebian Chain.

Systematic Palynology

Systematics follow Fensome et aI. (1993). Taxa

described prior to 1998 and mentioned below are refer-
enced in \filliams et a1. (1998). All figured specimens;ire
housed in the palynological slide collection at the Strati-
graphic Department (LABO-STIG) of ENI S.p.A.,
Agip Division, San Donato Milanese, Italy.

Division DINOFLAGELLATA (Bùtschli, 1885)

Fensome et al., 1993

Subdivision Dinokaryota Fensome et al., 1993

Class Dinophyceae Pascher, 1914

Subclass Peridiniphycidae Fensom e et aL, 1993

Order Gonyaulacales Taylor, 1980

Suborder Gonyaulacynaceae Fensome et al., 1993

Family Gonyaulacaceae Lindemann, 7928

Strbfarnily Leptodinioideae Fensome et aI., L993

Genus Kleithriasphaeridium Davey, 197,1; emend.

lvpe species: Kleithriasphaeridíum corrugatum Date1, 1974, pp. 56-57,
pl. 5, firs. 1-5

Emended Diagnosis. Cysts subspherical bearing
one intratabular process per paraplate. The processes are
hollow nonfibrous, smooth to faintly striare, open dis-
tally; they vary in width with the smallest occupying the
sulcal region (some of these may be solid). Rarely
processes may be linked proximally by 1ow septa. The
cyst wall beneath the processes is unusually thickened
and granular. A conical, distally closed prorrusìon,
shorter than the processes, may be present ar rhe rpex.
The reflected tabulation appears to be 3-4', 6",6c,5-6"',
1p, 1"" and 2 or more sulcal processes. The archeopyle is

precingular, formcd by the loss of plate 3" only.
Discussion. The overall morphology of cysts here-

by assigned to Kleithriasphaeridium atlasiense comb. nov.
corresponds to the original description of the genus
Kleithriasphaeridium of Davey (1974) excepr for the
presence of a short apical protrusion and of six (instead
of five) postcingular paraplates (see Below, 1982). Since
the presence of the apical protrusion is not considered

PLATE 12

Dinoflagellate cvsts, acritarchs and pollcn from the Monte Soro Flysch (GIL : Piz,zo Gilormo section). All magnifications x 550 unless other-
q i:c stated.
(.1) SurculosphaeritJium truncttl.unt, sanple GIL-C 1. (2) lsolated operculum ol Surculosphaeridium trunculun, sample GIL-C 1. (,31 FlctrentLnia
radiculata,sampleGIL-D8.(4'1 Florentìnalaciniata,sampleGIL-D8.(5)Xenascusplorel,sample GIL-D9. (,6)Oligosphaeridìumpoculunt,sam-
ple GIL-C 1. (7) Florentinìa deaneì and O',:oidìnium incomptun, sample GIL-C 1. (.8) Apteodinium granulatum, sample GIL-D 6. (9) Valensiella
tazadensìs, sample GIL-C 1. (aS I'tystheria oleopotríx andSubtilisphaera perlucida, sample GIL-C 6. (\1) Rhombodellapaucispìna, sanple GIL-C
1. (12-14) Cithariplana cdperdtrl x 250, sarnple GIL-C 1. (151 Afropollìs jardinus x 750, sample GIL-C 6. (1.6) Waltodinium luna x /50, sample GIL-
C 1. (17-18) Mystheria oleopotrix x 750, sample GIL-C 1. (19) Pinocchiodiniurn erbae, sample GIL-D 7.
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100 S. Torricellt

sufficient for the erection of a new genus and the pres-
ence of five or six postcingular paraplates is consistent
with the description of the subfamily Leptodinioideae to
which the genus Kleithriasphaeridiu,rn belongs (Fensome
et aL. 1993, p. 86), the present emendation of the gener-
ic description is proposed, in order to include also these
forms in Kleithriaspbaeridium.

Kleithriasphaeridium atlasiense (Beloq 1982)

Torricelli comb. nov.

Pl. 13, Figs.9-12

Basionym. Hystrichosphaeridium? atlasiense Below
1982, p.1.2, pL.3, fig. 2 (Albian; Morocco).

Discussion. When first described, Below (1982)

questionably placed this species within the genus F1;ls-

trichosphaeridium because the archeopyle rÀ/as not
observed in the original material composed by rhree

specimens only. In addition, the processes were consid-
ered as distally closed, although this seems not the case

judging from the illustrations of the holotype. Numer-
ous well preserved specimens analysed in the present
study exhibit a single-plate precingular archeopyle type
P(3) with operculum free (P1. 13, fig. 9-12) and the pres-
ence of tubiform processes distally open) thus suggest-
ing that this species is attributable to the genus Kleithri
aspbaericlium Davel-. Kleithriasphaeridium atlasiense
comb. nov. shows considerable morphological variation
concerning the width of processes, both within a single
specimen and among different specimens. However, the
constant presence of the conical protrusion in apical
position and the faintly striate processes are highly dis-
tinctive fertures of this species.

Dimensions. Range of 1O measured specimens:

cyst diameter (excludinr processes) : 43(47)51 'lm'
processes length : 8(l lrl4;.tnr; Iengrh of the apicrl pro-
trusion : 4(5.5)7 prm. These values are consistent with
the type-material describe d by Below (1982).
' Stratigraphic range. This species was previously

recorded from the Albian of Morocco both onshore
(Below 1982) and offshore (Below 1984), from the Mid-
dle-Upper Albian of NE Italy (Torricelli 2000), from the
Albian of the Umbria-Marche Basin in central Italy
(present allthor, pers. obs.) and from the uppermost

Aptian Jacobi ammonite Zone through the Middle
Albian Dentatus ammonite Zone in the Vocontian Basin
of SE France (H. Leereveid, written comm., 2001). In
the present sndy Kleithriaspbaeridium atlasiense comb.
nov. occurs in the highest sample of the Pizzo Gilormo
section (GIL-D 10, a single specimen) and abundantly in
the shales sarnpled at Portella Buffali. This confirmes its
mostly Albian distribution. The lowest consistent
occurrence of this taxon has to be considered as an

important biostratigraphic e vent close to the
Aptian/Albian boundary. rn the Tethyan Realm.

Subfamily uncertain

Genus Chytroeisphaeridia (Sarjeanr, 19 62)

Downie & Sarjeant, 1965

Chytroeisphaeridia sp. A
Pl. 13, Fig. 1-l

Description. Large-sized proximate ellipsoidal cysts,

with a single-layered wail exhibiting a coarsely granulate
ornamentation. A short, conical, distaily closed protru-
sion is present in apical position. The only evidence of
tabulation is provided by the polygonal outline of the sin-
gle-plate precingular archeopyle. The operculum is free.

Remarks. As jr-rst three specimens were encoun-
te red, the taxonomy is provisionaliy left open.

Stratigraphic range. Rare in the Portella Buffali
shales, Lower Albian.

Summary and conclusions.

Outcrops of the Monte Soro Flysch in the qpe-
area have yieided remarkably rich organic-wa11ed
microplankton assemblages. Comparisons between the
distribution of key dinoflagellate cyst taxa from these

assemblages and ammonite caiibrated dinostratigraphi-
cal information (principall;' from the western Mediter-
ranean), have shown for the Monte Soro Flvsch an age

extending from the latest Valanginian to the latest Apt-
ian. Evidence from the Portella Buffali area suggests that
in the Early Albian the deposition of turbidite sand-
stones had ceased and the Argille Scagliose Superiori

PLATE 13

Dinoflagellate cysts from the Portella Buffali shales. All nagnifications x 550.

(1-3) Chytroeighaeridia sp. A, slide A72161 O-isolated opercuìum within the cyst, P:apìcal protrusion. 11) Codonìellaps1,gza, slide A14131.
(5-6) Litosphaeridium arundum, slide A12.148. (7'1 Lìtosphaeridium cf. arundum, slide A12448. (8) Litosphaeridium c[. conispinum, sliàe A12,+48.

(9) Kleithriasphaeridium atlasiense comb. nor'., slide A12463; P:conical protrusion ìn apical posirion. A-.inglc-pl.rte precingul:r .rrcheopyle. (10)

Kleithriasphaeridiunt atlasiense comb. nov, slide A 1 4 132; P: conical protrusion in apical position, A: sìngle-plate precingular archeopvle. ( 1 1- 12 )

Kleithriasphaerídittm atlasiense comb. nori, slide A12448; P:conical protrusion in apical position, A=singlc-plate precingular archeopyle. (13)

Coronifera oceanica, slide A14131. (.11) Hystichosphaeridium bouerbankiì, slide A12448. (15) Tebamadinium mazaganense, slide A12't'17; note the

double-plate precingular archeopl'le. (1 6) Tenua lrystrir, slide A 12 4't8. (17) Valensiella tazadensis, slide A 1411 i . (18'1 Leberidoclsta chlatnydata, slide

A1,t131. (19-2a) Xenascusplorei, slide Ai2.148.
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'were accumulating in stratigraphic continuity above the
Monte Soro Flysch.

Close morphological examination of several well
preserved specimens referable to Hystrìchospbaeridium?
atlasiense (see Below 1982) resulted in the identification
of a single-plate precingular archeopyle for this form,
which is thus transferred to the gentts Kleitbriasphaerid-
ium Davey. The lowest consistent occurrence ol Klei-
thriaspbaerìdium atlasiense comb. nov. is proposed as an

important bioostratigraphic event close to the Apt-
ien/Albien boundrry in the Tethyan Realm.
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Appendix

Alphabetical listing of dinoflagellate cyst, acritarch and select-
ed pollen taxa recovered from the Monte Soro Fl1'sch in the present
studv. Simpie and asterisked numbers ìn parentheses refer respectively
to the position in the Vallone Rosmarino andPrzzo Gilormo-Portella
Buffali occurrence-charts (Figs. a-5). Taxa illustrated are follon'ed b)'
plate irnd fisure references in parentheses. The generic allocation and
:ruthorship o{ dinoflageÌlatc c1'st species follor. \Williams et al. (1998).

Achonosphaera neptunii (Eisenack, 1958) Davev and \X/illiams, 1966
(23, 1'65; Pl. 2, Fig. Z)

Achomosphaera zr. ranultfera (Deflandre, 193l) F.r'itt, 1,963 (21:Plr.7,
Flg. e)

Afropollis jardinzs Doyle, Jardiné and Doerenkamp, 1982 ('t99;Pl. 12,
Fig. 1 s)

Aprobolocysta eilemaDrxbrry, 1977 (72; Pl. 5, Figs. 1a-15)
Aptea poLymorpl:a Eisenack, 1958 ('r3Z; Pl. 10, Fjg. 10)

Apteodinium granulatum (Eìsenack, 1958) Lucas-Clark, 1987 ('r5Z; Pl.
12, Fig. 8)

Avellotlinium cl. fak ficum Durbur1., 197 7 (25)
Batiacasphaera dsperdtd Backhouse, 19SZ ('t87)
Batiacasphaera mdcrogranulata Morgan, 1975 (26; Pl. a, Fig. 8)

Batìacasphaera cf. orata Backhouse, 1987 (,63 Pl. 5, Figs. 11-12)
Batíoladinium m.icropodum (Eisenack ancl Cookson, 1960) Brideaux,

1975 (.37: Pl. 5, Figs. 9-10)
Batioladinìum tarigranosunt (Duxbur,v, 1977) Davey, 1982 (1; Pl. 5,

Fig. 13)

Bourleìdìnium elegans Torricelli, 1997 (61, Pi. 8, Figs. 2-4)
Bourleìdiniwm cf. B. ?cylindriczrzu Dolding, 1992 (38)
Bourkidinium. granuldtum Morgan, 19l5; emencl. Torricelli, 2OOO (2,

. "66; Pl. 8, Figs. 5-8)
Callaiosphaeridium asymmetricum (D eilandr e and Coureville, 1 939)

Davey & Vìlliams, 1966 ('t25; Pl. 1 1, Fie. 16)

Canningia grandis HeIbv, 19E/ (28; Pl. a, Figs. 7, 10)

Carpodìnium granulatum Cookson and F,isenack, 1962 (,'t67; P1. 11,
Fig. 11)

Cassiculospbaerídiamagna Dave1., 1924 (39; Pl.6, Fig.2)
Cdssiculosphaeridia reticulata Davey, 1969 (65, 'r.10; Pl. 6, Fig. 3; Pl. ,+,

Fig. e)

Cauca par"La (Alberti, 1 96 1 ) Davey and Verdier, 197 1. ('t 49 ; Pl. 1 1, Figs.
9,13)

Cerebrocysta spp. (a9)
Chlamydophorella nyei Cookson and Eisenack, 1958 (40, '168; Pl. 8,

Figs.13-1.+)

Chlamyd.opborella sp. A sensu Torricelli, 2000 (66)
C hy tro e i sp ha erì dia ? s cabrata Pocock, 1,97 2 (4 l,'t 4 1 )
Chytroeisphaeridia sp. A ('t88; Pl. 11, Figs. 1-3)

CircuJodinium breu-ispinosum (Pocock, 1962) Jansonius, 1986 I Circu
lodinium distinctum (Deflandre and Cookson, 1955) Janso-
nius, 1986 (3,'t1; Pl. 6, Figs. 4-5)
Remarks. Due to the ìntergrading nature of the characterìstic

features, no attempt has been made to distinguish between C. Dre

ttispinosum a.nà C. distittctunt.
Cithariplana cdperd.td. Srjvastava, 1984 (67, 'r2; Pl. 12, Figs. 12-1'+)

Cleistospbaeridium spp. (Pl. 8, Fig. 12)

CodoniellapslgnuDavey, 1979 ('t5a; Pl. 11, Fig. 15; Pl. 13, Fig. a)

Cotnetodinium spp. (4, 'f 69; Pl. Z, Fig. 8)

CoroniJèra oceanica Cookson and Eisenack, 1 958 (':6 1; Pl. I 3, Fig. 1 3)

Cribroperìdiníum cl. confossum (Durbun-, 1977) Helenes, l9E4 (27;

Pl. a, Fig. 3)

Cribroperidinium gr. eduardsii (Cookson and Eisenck, 1958) Davev
1969 (5, '!26; Pl.4, Figs. l-2)

Ctenidodiniutn eLegantulun lvlìllioud, 7969 (6; Pl. 3, Figs. 4-6)
Cyclonepbelium maugaad Bclow, 1981 (/; Pl. 6, Irig. 6)
Cymososphaerìdium.calidum Davey, 1982 (8; Pl. /, Fig. Z)

Dapsìlidhium duma (Bclou,, 1982) Lentin and \ù/rlliams, 1935 ('r89)
Dapsilidinium lamìnaspinosum (Davev and \Wjlliems, 1966) I-entin and

\ù(/lliams, 1981 ('t90)
Dapsilìdhìum multispinosunt (Dave1-, 1924) Bujak ct al., 1980 (50, 'rlO;

Pl. 13, Fìg. 16; Pl. 11, Fig. s)
Dapsilidinium uarrenii (Habib, 1976) Lcntin and Viliiams, 1981 (9,

'f3; PÌ.8, Fìg. 15; Pl. 11, Fig. Z)

Dicbeìropollis etru:cus Treyrstn, 1972 (tI Pl. 2, Fig. 15)

Dingodinium cerriculunt Cookson :rnd Eiscnack, 1958 (10, 'f /1; Pl. 5,

Figs. 1-4)
DinogtmrLiunt cl. acuninatum sensu Loncleix et a1., 1996 (a2; Pl. 3,

Figs.12-13)
Ditopterygium tubercu/atum. (Eiscnack and Cookson, 1960) Stovcr

and Evìtt, 1978 ('192)
Dissiliodínium globulus Drugg, 1978 (':4)
Dissiliodinium spp. (61; Pl. 6, Fig. 8)

Douniesphaeridium aciculare (Dave1', 1969) Islam, 1993 ('f 5)

Drugìdium rhabrJoreticulatun Habib, 1,973 (62; Pl. 3, Figs. 10-11)
Exochospbaerìdium muelleri Yun, 1 981 / Exocbospbaeridium phragmites

Davev et aI., 1966 (28,'t27)
Remarks. Due to the intergradint natrLre ol the ch,rractcristic

features, no attempt has been made to distineuish betw'een E. phrag
mites and E. mwelleri.
Florentinia deanei (Datey and \,'illiams, 1966) Davey and Verdier,

1973 ('t72; Pl. 12, Fig. 7)

Florentinia lacìniata Davey and Verdjer, 1973 (':81;Pl. 12, Fig. a)

Florentinid mantellii (Davey and Williams, 1966) Davey and Verdier,
1973 ('t{:; Pl. 10, Fig. 1)

Florentinia radiculata (Davev and \X/ìlliams, 1966) Davey and Verdier,
1973 ('t42; Pl. 12, Fig.3)

Fromea amphora Cookson and Eisenack, 1958 ('162)

Gardodínìum ordinale Davel', l9l.{ (11; Pl. 5, Fig. 8)

Gardodinìum tabeculosum (Gocht, 1959) Alberti, 1961 (29, 'r35; Pi. 1,

Fig. 8; Pl. 5, Figs. 5-Z)
Hapsocysta peridlctla (Eisenack and Cookson, 1960) Dave,v, 1979 (43,

'r7; Pl. 5, Fig. 16)

Hystrichodhium furcatum Alberti, 1961 (30; Pl. Z, Fig. 1)

Hystrichodiniwm pulcbrum Deflandre, 1,935 (12,'r5 l; Pl. 10, Fig. 5)



Hy strìchospbaeridium bouerbanÈll Davel' and Williams, 1'9 66 ('t93 ; Pl.
13, Fig. 1a)

Hystricbosphaeridium recuruatun (Yi/hite, 1 8'12) Lejeune-Carpentier,
1940 ("8)

Kallosphaeridìwm dolomiticwm Torricelli, 2000 (23)

Kallospbaerìdium spp. (74, '!9; Pl. 6, Figs. /, 10-12)

Kiokansium corollum Hasenboehler in Belon', 1981 ('f 63)

Kíoleansium unituberculatum (Tasch, 196'+) Stover and Evitt, 1978 (51,

'!10; Pì. 2, Figs. 4-5)

Kleirhriasphaeridium atlasiense (Belor., 1982) Torrrcelli, comb. nov.

('r86; Pl. i3, Fìgs. 9-12)

Kleitbriasphaeridium eoinodes (Eisenack, 1958) Dave,v' 197 4 (31,'t73 ;

Pl. 7, Figs. 2-3)

Kleithriasphaeridium fasciatum (Dave-v and \Xr'illiams, 1966) Davel',

1e71 (68)
Kleirhriasphaerìdium ?sarmenturz (Davcy 1979) Below, 1982 ('t28; Pl'

11, Fig. 8)

Leberidocysta chlamydata (Cookson and Eisenack, 1962; Stover .rnd

Evitt, 1978 (':94; Pl. 13, Fig. 18)

Leptodiniwm millioudii (Sarjeant, 1963) Sarjeant, 1969 (52; Pl. 2, Fig.

12)

Lithodinia cl.amlasis (Beloni 1981) \(/illiams et al., 1993 (69; Pl. a, Fig.

o,

Lìthodinìa perrusa Duxbury, 1977 (.75; PI. a, Fig. a)

Lithodinia srocerl (Millioud, 1969) Gocht, 1976 (/9, Pl. a, Fig. 5)

Litosphaeridium arundum (Eisenack and Cookson, I96a) Davey,1979
('r95, Pl. 13, Figs. s-6)

Litosphaeridium cf. arundum (Eisenack and Cookson, 1960) Davey,

1979 (.'t9l Pl. 13, Fig. /)
Litosphaeridium c[. conispinum Dar.ey and Verdier, 1.97J ('196, PI. 13,

Fig. 8)

Micrbystridium spp. (13; Pì.8, Fig. 17)

Microdiniwm opacum Brideaux, 1971 (321

lluderongiaparlata Duxbury, 1983 (53,'f11; Pl. 1, Fig.6; Pl.9, Fig.8)
Muderongia siciliana Torricelli, 1997 (.14; Pl. 1, Figs. 2-3; Pl. 6, Fig. 9)

Muderongìa simplex Albertt, 1961 (14; Pl. 1, Figs. 4, 9)

Muderongia stdurotd Sarjeant, 1966 QA; Pl. 1, Figs. 1,7)

MystLeria oleopotrix Regali and Sarjeant, 1986 ('r29; Pl. 12, Figs. 10, 17-

18)

Nematosphaeropsls spp. ('r74; Pl. 11, Figs.3-4)
Nexosispinum besperus stbsp. hesperus Datey, 1.979 ('r30; Pl. 2, Fig. 10)

Nexosispinum besperus srbsp. bre.tipinosaz Torricelli, 2000 (5al Pl. 2,

Figs.8-9)
Nummus sinllis (Cookson and Eiscnack, 1960) Burger, 1980 ('14a; Pi.

6, Fig. 1)

Occisucysra duxburyiln du Chéne et al., 1986 (55; Pl. 3, Figs. 7-8)

Oclontochitina attcalaB:nt, 1986 ('f 31; Pl. 9, Figs. a, 6-l)
C)dontochitina operculata (Vetzel, 1933) Deflandre and Cookson,

1955 ("12; Pl. 9, Fig. 5)

Odontochitinarhakodes Bint,1986 (':13; PÌ.9, Figs. 1-3)

Oligosphaeridium albertense (Pocock, 1962) Davey and \Villiams, 1969

('!14; Pì. 10, Fig.2)
Oligospbaeridiurn complex (\fhite, 18a2) Davey and \fi/illiams, 1966

(15,'!15; Pl. Z, Fig.'{; Pl. 11, Figs. 1Z-18)

Oligosphaeridium diluculum Davey, 1982 (33; Pl. 7, Fig. 5)

OLigosphaeridium fenestratun Duxburl-, 1980 ('f 75)

OLigosphaeridium pocuLumlain, 1977 (':16; Pl. 12, Fig. 6)

Oligospbaeridium pwlcherrimun (Deflandre and Cookson. 19551

Davey and \Williams, 1.966 (56, '!17; Pl. /, Fig. 6)

Oligospbaeridium 
'-errucosilm 

Davey, 1979 ('f 32)
()voidinium incomPtum Duxbury 1,983 ('t76; Pl. 12, Fig. 7)

Palaeoperidiníum cretdceum Pocock, 1962 (t33; Pl. 11, Fig. 14)

PareocJinia spp. (3a)

Pareodinia sp I sensu Davel-, 1982 ('!52)

I'erro sphaeridium p s e udhl,strìch odinìum (Deflandre, 1 932) Yun, 198 1

('r84; PÌ.2, Fig.6)
Phoberocysta neocomica (Gocht, 1952) Millioud, 1.969 (35 Pl. 1, Fig. 5;

PI.2, Fig.3)
Phoberocysta tabulata Ra1.naud, L97 8 (57)

103

Pilosidinium ecbinatum (Gimez and Sarjeant, 19l2) Courtrnat, 1989

(4s; Pl. 6, Fig. 13)

Pinocchiodinium erbaeTorrlcelh,2000 (':6'{; Pl. 11, Fig. 12; Pl. 12, Fig.

1e)

Prolixosphaeridium conulum Davey, 1969 ('197)

Prolixosphaeridium patwtspinwm (Deflandre, 1.937) Davey et al., 1966

('!58; PI. 11, Fig.10)
Protoellìpsodinium clarulum Davey and Verdier, )'97 4 ('t771PI. 1 1, Fig.

6)

Protoellipsodiniurn seghire subsp. seg,óire Below, 1 981 (':53)

Protoellipsodiniwtn spinocristatum Davey and Verdier, 1971' ('? 54, Pl. 11,

Fìg. 1)

Protoellìpsodinium spinosum Davey and Verdier, 1971 ('t43 Pl. 11, Fig.

2)

Protoellipsodinium touile Beloq 198 I (36)

Pseudoceratium and.phrissum (Sarjeant, 1966) Bint, 1986 ('!/8)
Pseudoceratium eisenackii (Davey, 1969) Bint, 1986 ('f36; Pl. 10, Figs.

6,9)
Pseudoceratium expolìtum Brideaux, 1971 ('!55 Pl. 10, Fig. 8)

Pseudoceratium pelli erum Gocht, 1957 (16, 'r4'1; Pl. 3, Figs. 1-3)

Pseudoceratium retusum Bndeaux, 1977 (.'t38; Pl. 10, Fig. 11)

Pseudoceratium securigerurn (Davey and \ùfilliams, 1974) Bint, 1986

('r18; Pl. 10, F'igs. 3-1, 7)

Pterodinìum cingulatum contermínatum Marheìnecke, 1992 ('t 98)

Pterodinium spp. (':1 9)

Rbombodella paucispina (Alberti, 1961) Duxbury, i980 ('r56; Pl. 12,

Fig. 11)

RhombodelLa zesca Duxbury 1980 (46; Pl. 8, Fig. 19)

Rhombodella spp. (Pl. 8, Fig. 20)

Rbynchodinìopsis aptiana Def landre, 1.935 (7 1)

Rhyncbodiniopsis cladopbora (Deflandre, 1938) Below, 1981 (17; Pl. 3,

Fig. e)

Sentusidiniunt spp. ('r34)

Spiniferites spp. (iZ, 't2A;PL.2, Fig. 11)

Stanfordella ?cretacea (Neale and Sarjeant, 1962) Helenes and Lucas-

Clark,1997 (a8; Pl. 2, Fig. 13)

Stip hr o spb aeri di um arb ust um Dave,v, 1 9 82 (5 8)

Stìphrosphaerídium dìctyophorzz (Cookson and Eisenack, 1958)

Lentin and Villiams, 1985 (59)

Subtilisphaera cheìt Below, 1981 (':29)

Subtilisphaera perlucida (Alberti, 1961) Jain and Millepied, 1973 (.18,

't'21.;P|.7, Fìgs. 10-11; Pl. 12, Fig. 10)

Subtilisphaera senegalensis Jain and Millepied, 1973 (19, 'f22; Pl. Z, Figs.

12- 1r )

Subtilìspbaera terula (Davey, 1974) Lent.tn and \X/illiams, 1976 (75a;Pl.
8, Fig. 1)

S ubtilisphaera sp. ('f 23)

Surculosphaeridium trunculum Darcy, 1979 ('r59; Pl. 12, Figs. 1-2)

Systematophora silybum Davey, 1.979 (6A)

Taleisphaera bydra Dtrxbvy, 1979 (80,'t45)
Tanyosphaeridiutn spp. (.2A, 'f24; Pl. 8, Figs.9-10)
Tanyosphaeridium magneticum Davies, 1983 (76; Pl. 8, Fig. 1 1)

Tbhamadiniwm coummia (Below, 1981) Jan du Chéne et al., 1986 ('!85)

Tehamadinìum nuzagdnense (Below, 1984) Jan du Chène et :r1., 1986

("99; Pl. 13, Fig. 15)

Tenua hystrir Eisenack, 1958 ('!39; Pì. 13, Fig. 16)

Tri,hodinium tdstdnea Deflrndre. lql5 ('' -+r.r

Valensiellatazadensis (Below, 19S1) Lentin and \Williams, t993 ('t17;PI.
12, Fig.9; PI. 13, Fig. 17)

Vlallodinium lwna (Cookson and Eisenack, 1960) Lentin and Williams,

1.973 (77, ':60; Pl. 12, Fig. 16)

Wallodìnium krutzschii (Alberti, 1961) Habib, 1'972 (21,'r80; Pl. 2,

Figs. 1-2)
'Wrer:ittia cassidata (Eisenack and Cookson, 1960) Helenes and Lucas-

Clark, 1997 ('!48)
'Wrerìttia helicoidea (Eisenack and Cookson, 1960) Helenes and

Lucas-Clark, 1997 (22, ':82; Pl. 2, Fig. 1a)

Xenascus plotei Belou,, 1981 ('!83; Pl. i2, Fig. 5; Pl. 13, Figs. 19-20)
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