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ABSTRACT - On the basis of changes in the generally rich benthic foraminiferal assemblages from a short, closely sampled 
section representing the topmost part of the Sicilian stratotype section (Puleo quarry, Palermo, Italy) a sharp sea level drop has 
been detected, evidenced by a biocalcarenitic level interbedded in a predominantly marly sequence. The bathymetric change coincides 
with a drastic cold climatic event, which correlates with the top of the glacial isotopic Stage 22. The overlaying marly sediments are 
associated with the base of the interglacial isotopic Stage 21, and reflect a new sea level rise. On the basis of planktonic foraminife
ra clear climatic fluctuations cannot be recognized, even if generally antithetic, syncronous fluctuations in the abundance of Globi
gerinoides ruber and Globorotalia inflata clearly mirror the climatic curve inferred by the more evident Pteropods assemblage va
riations. 

RIASSUNTO - [Risultati paleoecologici sulla base dei foraminiferi, al top della sezione tipo de] Siciliano (Ficarazzi, Palermo, 
Italia)] - Lo studio di una campionatura estremamente dettagliata di una piccola sezione ancora affiorante nella localita tipo del 
Siciliano (Cava Puleo, Ficarazzi, Palermo) e rappresentante la parte terminate delta stratotipo di tale sottopiano, ha permesso di met
tere in evidenza, sulla base del contenuto in foraminiferi bentonici, un brusco abbassamento del livello marina in coincidenza di 
un ban cone calcarenitico riccamente fossilifero, intercalato in una successione essenzialmente marnosa. Tale abbassamento eustatico 
coincide con un drastico raffreddamento climatico, pure ricono rcibile in tale livello calcarenitico ed essenzialmente evidenziato dalla 
associazione a Pteropodi, nella quale si riscontra improvvisamente un numero estremamente elevato di esemplari di Limacina retr0-
versa. In coincidenza di tale fluttuazione climatica fredda, correlata su basi biostratigrafiche con la parte alta delta Stage isotopico 
freddo 22, tra i foraminiferi planctonici e riconoscibile una brusca, sensibile diminuzione di Globigerinoides ruber e un corrispon
dente aumento di Globorotalia inflata, mentre non si registra nessun sensibile cambiamento nella percentuale di forme destrorse di 
Globigerina pachydenna. 

FOREWORD 

A detailed biostratigraphic framework represents 
the basic background in the classification of the geolo
gic record. When biostratigraphic events can be placed 
within an absolute time framework, or confidently 
related to an absolute dated time scale, they gain even 
more relevance. In these last years great improvements 
have been made in the biostratigraphy and biochrono
logy of the Pliocene and Pleistocene. Many calcareous 
plankton events (foraminifera and nannoplankton) of 
global value have been recognized in this stratigraphic 
interval. An integrated biostratigraphy based on entry 
and exit levels of these two groups of fossils provides 
for an indipendent check on the reliability and syn
chroneity of datum levels when the events coincide, 

and provides for more detailed biostratigraphic and 
time resolution of the geologic record when they are 
differently spaced. 

The identification of many of these biostratigraphic 
events in oceanic sequences (DSDP) in which radio
metric and/or paleomagnetic data are available, allow 
for the calibration of many of these events within an 
absolute time scheme. They are therefore commonly 
used for absolute time evaluations (biochronology). 
Possible diachroneity of these bioevents can be expec
ted within specific climatic-oceanographic regions. 
During Pliocene and Pleistocene time the Mediter
ranean acted as a rather distinct biogeographic pro
vince (Cita, 1973; Thunnel, 1979) only partially con
nected with the Atlantic ocean. It is possible, there
fore, that first and last occurrences of species recorded 
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in boh the Mediterranean and extra-Mediterranean 
regions may not always be synchronous. Recalibration 
of selected oceanic biochronologic events utilizing the 
recently revised paleomagnetic scale as proposed by 
Mankinen and Darlymple (1979), their comparison 
with DSDP results in the Mediterranean (Sites 132 
and 125) , cross-checking of the estimated ages in 
other more or less continuous Plio-Pleistocene sections 
outcropping in Italy by reconstructing the curve of 
sediment accumulation rate in the most important of 
them, made it possible (Rio et al., in press; Ruggieri 
et al., in press) to import and sometimes to recalibrate 
in the Mediterranean basin some of these extrame
diterranean bioevents. The fact that these bioevents 
always occur in the same order suggest that no major 
diachroneity exists. If we assume that values within 
a range of about 0. l-0 .2 MA can be considered as 
proof for the synchroneity of an event, depending on 
operational biases (samples spacing, time of observa
tion, taxonomic difficulties in species identification) and 
geological or sedirnentological shortcomings (subtle 
changes in sediment accumulation rate, dissolution, 
mixing due to burrowing, short hiatuses, subtle bio
geographic controls on the distribution of fossils in 
time and space), it can be demonstrated th tl t the 
estimated ages are well comparable. It is therefore 
assumed that an error of about 0.1 MA in the lower 
Matuyama Chron (Latest Pliocene-Early Pleist0cene) 
and of about 0.2 MA during the Gilbert-Gauss (Early
Late Pliocene) interval is not proof of heterochroneity. 
Such an accuracy in Pliocene time evaluation is superior 
of that obtainable in most cases by radiochronology. 

In recent years an accurate isotopic stratigraphy 
has identified several major climatic fluctuations in the 
Neogene and Quaternary. Glaciations are no longer 
considered peculiarity of the Pleistocene age and the 
onset of the first ice sheet in the high latitudes of the 
Northern Hemisphere is referred to an age of about 
2 .5 MA (Thunell and Williams, 1983) , well below the 
base of the Pleistocene as proposed in the Vrica section 
(Colalongo et al., 1982). No major coolings exist 
around the N / Q boundary, although short cool peaks 
are recognized just around the top of Olduvai (Shac
kleton and Opdyke, 1976; Thurrell and Williams, 
1983). Therefore the coincidence of Lhe base of the 
Pleistocene with the Glacial age must be denied. The 
inception of a very cold climatic regime in the Qua
ternary, with the beginning of large temperature fluc
tuations (base of Glacial Pleistocene according to Shac
kleton and Opdyke, 1973) is recognized coincident 
with the isotopic Stage 22. At this time, the first 
Pleistocene glaciation of typical duration and intensity 
similar to the Glacial Stages of the Brunhes Epoch 
as recorded by isotopic stratigraphy is reported. This 
sharp climatic event occurs just above the top of Jara-

millo subchron and before the base of the Brunhes 
Epoch, at around 0.8 MA (Shackleton and Opdyke, 
1976). The base of the Pseudoemiliania lacunosa nan
nofossil biozone coincides (Rio, 1982) with the top 
of the Jaramillo subchron, at about 0.9 MA. Therefore 
the beginning of Glacial Pleistocene is in the lower 
part of this nannofossil biozone. 

THE LOWER PLEISTOCENE SEDIMENTARY CYCLE 
IN FICARAZZI AREA 

Two sedimentary cycles can be recognized in Si
cily in the Pliocene-Early Pleistocene time-interval. 
The older one covers, in the most complete sections, 
all of the Pliocene and lowermost part of the Plei
stocene, until the Early Emilian, just above thF: Hya
linea baltica appearance. The younger cycle represents 
a short transgressive sequence on more or less older 
sediments. It is Late Emilian and Sicilian in age, with 
the topmost part generally cut by post-Sicilian ero
sional surfaces. In the Ficarazzi area only the second 
transgressive sedimentary cycle is present, as demon
strated by many well exposed outcrops (Ruggieri et al., 
1979) and by a continuously cored bore-hole drilled 
in the Sicilian type-locality (Puleo quarry) which 
crosses all of the local Early Pleistocene sequence (54 
rn.eters thick) down to the basal conglomerate directly 
overlying the Oligocene-Miocene Numidian Flysch . 
Micropaleontological data from the bore-hole cores 
allow easy biostratigraphic correlations. With regards 
to foraminifera, Hyalinea baltica is always recorded; 
more or less frequent specimens of Globigerina ca
riacoensis are generally present; and Globorotalia trun
catulinoides excels a first occurs at 25 .7 meters from 
the top. Therefore, the Globigerina cariacoensis bio-• 
zone is recognizable in the lower part of the sequence, 
and the Globorotalia truncatulinoides excelsa biozone 
is present in its upper part. The Globorotalia trunca
tulinoides excelsa Mediterranean FAD coincides with 
the base of the Sicilian chronostratigraphic unit (Rug
gieri and Sprovieri, 1977). The nannofossil biostrati
graphy is even more detailed (Di Stefano and Rio, 
1981; Rio, 1982). The Helicosphaera sellii biozone 
is present in the basal part ( till 29 meters from the 
top), the« small Gephyrocapsa » biozone in the middle 
part (till 12 meters from the top) and the Pseudo
emiliania lacunosa biozone in the upper part. The 
continuously cored sequence is followed, after an 
interpolated unsampled interval of about one meter, 
by a short thickness of sediments still outcropping in 
the quarry. This section is studied here in detail and 
has a total thickness of 6.15 meters. It is represented 
by two different segments, easily correlatable each 
other, outcropping at about 200 meters one from the 
other along the sides of a small channel. It is clearly 
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Tab. 1 
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,\CL'rvulina i nhaerens SCHULZE -An,mon i a b<:"ccarii l LI NNEO) 

Ar.iphicoryna scalaris (BATSCH) - -Anomalinoides orna ta (COSTA) - 1--Asterigerinata mami l la (WILL , ) -- - -Asterigerinata planorbis ( d I ORB . ) -- -Astrononion sallentinum ( SALV . ) ....... -Astrononion stelligerum { d I ORB . ) - - -Eigenerina nodosaria d ' ORB . 

Biloculinella elongata (WIES . ) - - -Biloculinella globul a (HORN . ) - - - -Biloculinella labia ta ( SCl!L . ) - -- - - -Bolivina ala ta ( SEG . ) --Bolivina albatrossi CUSHMAN -Bolivina attica PARKER - -Bolivina catanensis SEGUENZA 

Bolivina cistina CUSHMAN - - - -Bolivina dilatata REUSS -- -- -Bolivina i tal ica CUSHMAN - -Bolivina pseudoplicata H . A . e E . -Bolivina pygmaea BRADY -Bolivina spathulata (WILL . ) -Bolivina spinenscens CUSHMAN -- -Bolivi n a subspinescens CUSH . - - -Buccella f3ida granulata I DI NAP . ) - -Bulimina acu eata d ' ORB . -Bulimina bo hiana d ' ORB . - - - -Bulimina cos ta ta d ' ORB . 

Bulimina d' ORB . - -elegans - - --Bulimina elegans marginata FORN . - -- --Bulimina elongata d I ORB . - -Bulimina e tnea SEGUENZA 

Bulimina fus i formi s WILL . - -Bulimina gibba FORNASINl --Bul imina lappa CUSH . e PARKER - - - - - - -Bulimina marginata d ' ORB . 

Buliminella multi camera CUSH . e PARK . -Caner is auriculus (F . e M. ) I -Caner is oblongus ( d ' ORB . ) I -- - -
Cassidulina carinata SILVESTRI 

Cassidulinoides brady i (NORM , ) - -Chi lostomella oolina SCHWAGER - - - - --Chi lostomella ovoidea (REUSS) :_ -Cibicides refulgens MONTFORT -- - -- -- -
Cibicidoides agrigentinus (SCHWAGER) - -Cibicidoides pachyderma ( RZEHAK) -Cibici doi des subhaidingeri (PARR) . - - -Cibicidoides ungerianus ( d ' ORB.) 

Cribroelphidium decipiens (COSTA) . -- -Cribrononion advena (CUSHMAN) --Cyclogyra cc1rinata (COSTA) -- - - _, -Cyclogyra foliacea (PHILIPPI) - - - - -
Cyclogyra involvens (REUSS) -- - -- - -1Jentalina aciculata d I ORB . -Dentalina communis d ' ORB . --Dentalina guttifera d I ORB . -- -Dental ina intorta ( DERV . ) -Dentalina leguminiformis ( BATSCH) . -Dental ina subemaci a ta PARR - - -Dentalina subsoluta (CUSHMAN) - - - -Dental ina vertebral is (BATSO!) -Discorbis austral is PARR - -Discorbis rosa cea ( d ' ORB . ) -Discospirina italica (COSTA) 

Eh r embergina trigona (GOESS) - -Elphidium aculeatum ( d ' ORB .) -- - -Elphidium complanatum ( d ' ORB . ) - - - -
Elphidium crispum ( LlNNF.O) -Elphidium limbatum (CHAP . ) - -- - -Elphidium macellum (F . e M. I -- -
Falsocibicides lobatulus (\Ii'. e J . ) 

Fissurina annectens (B . e H . I - - -Fissurina apiculata (REUSS) -Fissurina castanea (FLINT) -- - -Fissurina lacuna ta (B . e H. I --Fissurina longirostris SEGUENZA -Fissurina ornata compressa (LONG . ) 

Fissurina quadricostulata (REUSS) 
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}.;.ssurin.:::i silvestr1i \ilUl'llNJ::H) 

Fi,;:;;urin;:1 staµhyll<:'aria \Sl:Hw . ) 

r'1,,;sur1nd trtg,onomarginula (P , e J . ) 

Fissur1na varioperfor;::ita (1-JUCHNER) 

fiorilus boueanus (d ' LlHB . ) 

furscnko1na mexicana {l'USHMAN) .• . 

FursL'nkoina schre1bersiana \CZJZEK) . 

Gc.velinop:ds praegerl (H . A . e E . ) 

Cavel1nopsis lobatulus (PARR) 

Glabratella australens1s (H . A . e E . ) 

Vlabratella patelliformls (HRAllY}. 

Glabr.;.tella pileolus \d ' ORB . ) 

Glandullna laevigata (d ' OH.B . ) 

Clobobulim1na afflnls (d ' ORB . ) 

Globobullmina ovata {d ' ORB . ) 

Globobulimlna ovula (d ' ORB , ) 

Globobullmlna pyrula (d ' URB . ) 

Globobulimina subspinescens (EMIL . ) . 

Globocassidulina crassa (d'ORB . ) 

Globocassidulina oblonga (REUSS) 

Globocass1dulina subglobosa (BRADY) . 

Globul 1 na consobrina d ' ORB . 

Globulina gibba d ' OHl::l , 

Guttulina communis d ' ORl::l . 

Guttulina problema d ' ORl::l . 

Gypsina vesicularis PARKEH. e JONES 

Gyroidina soldanli d ' ORB . 

--

------

-
Gyroidinoides altiformis H. E . e K. C . S . _.,__ 
Gyroldlnoides umbonatus (SlLVE::iTRI) . 

Hanzawala rodhiensis TERQUEM 

Heronallenia llngulata (BUR . e HOL , ) 

Hocglundina elegans (d ' ORB . ) 

Hyalinea baltica (SCHROETER) 

Lagena acuticosta REUSS 

Lagena gracillima ( SEGUENZA) 

Lagena hispldula CUSHMAN 

Lagena semistriata (WILL.) 

Lagena striata (d'OHl:I . ) 

Lenticulina calcar (LINNEO) 

Lenticulina cultrata (MONTFORT) 

Lentlculina orbicularis (d ' UH.B . ) 

Lenticullna peregrina ( SCHWAGER) 

Lenticullna rotulata (LAM . ) 

Marglnulina filicostala FORN . 

Marginulina glabra d ' ORB . 

Margi nul i na obesa CUSHMAN 

Marginulinopsis marginulinoides BR .. 

Melonis padanum (PERCONIG) 

Melonis soldanii (d ' ORB . ) 

Miliolinella circularis (BORN . ) 

Miliolinella subrotunda (MONT . ) 

Mississippina concentrica (P . e J . ) , 

Neoconorbina terquemi (RZEHAK) 

Neoconorbina williamsoni (C. e P . ) 

Nodosarla raphanus ( LlNNEO) 

Nonionella turg.ida (WILL . ) 

Oolina globosa (MONT . ) • 

Oolina hexagon a (WTLL.) 

Oolina melo d ' OHl:L 

Oolina piriformis {BUSCNER) 

Dolina squamosa (MONTAGU) 

Ophthalmidi um inconstans HRADY 

Oridorsalis stellatus (SILV . ) 

Orthomorphina proxima ( SlLV . ) 

Parafissurina compta (BUCHNER) 

Parafissurina pseudomarginata (l:1UCH . ) 

Parrelllna verrlculata (BRADY) 

Patelllna corrugata WILL . 

Planispirillina wrighli(H . A . et , ) . 

Planorbulina mediterrancnsis d ' ORB ,. 

Planularia crepldula (F . e M. } . . . 

Planul.ina arlminensls d ' OHl::l . 

Praeglobobullmina pupoldes (d ' ORB . } . 

--
--
-

---
---------

Protoelphidium granosum (d'OHJ:: . ) i,---

Protoelphidium semistriatum (FOfiN . ) . 

Psammosphaera fusca SCHULZE 

Pullenia quadrloba HtUSS 

Pullenia quinqueloba {REUSS) -
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Tab. 1 ( continue) 
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--------- CAM PION I 
S P E C I E ~ 

f':,rbu bor..::hl l:::ilLV . 1 ~ • 

l-',\r~o bulloidt'S ld' IHB . ) 

F'yrbu cJlindri-.:a (TODD) 

Pyrgo d,'prcss.:.1 (d'ORB , ) 

l'yrgo elongata (d ' OHB . ) 

Psrgo oblonga (d'ORB . ) 

Psrgoella sphaera \d' ;RB . ) 

l'yrgoella sphaeroides (d ' ORB . ) 

t,,"uinqueloculina akner1ana rotunda( G) 

Quinqueloculina auberiana d ' ORB . 

Quinqueloculina bosciana d ' ORB . 

<;'uinqueloculina contorta d'ORB . 

Quinqueloculina disparilis d'ORB . 

Quinqueloculina intricata TERQ . 

Quiqnueloculina longirostris d'ORB .. 

Quinqueloculina padana PEH.CONIG 

Quinqueloculina pulcht:lla d ' ORB •• 

Quinqueloculina pygir.aea d'ORB . 

Quinquelocul ina seminulum ( LINNEO) 

Quinqueloculina stelligera SCHL . 

Quinqueloculina undulata FORN . 

Quinqueloculina vulgaris d ' ORB . 

Rectobolivina pseudoplicata (di N . ) . 

Rectobolivina per fora ta (di NAP . ) 

Rectobolivina zitteli (KARRER) 

Rectuvigerina cylindrica ZEl 

Rectuvigerina raricosta ZEI 

Reussella simplex (CUSHMAN) 

Reussella sp1nulosa (REUSS) 

Robertina subteres ( BRAUY) 

Robertino1des brariyi (CUSH . e PAH. . ) . 

Rosalina bradyi (CUSHMAN) 

Hoscilina concinna (BRADY) 

Rosalina globularis d ' OHB . 

Hosalina isabelleana d ' ORB . 

Rosalina obtusa d ' OHfL 

--
-

-
-
-
-
-

--

Rotamorphina involute PARKER 

Saracenaria altifrons PARR 

Saracenaria italica DEFRANCE 

Saracenaria latifrons (BRADY) 

Scutuloris semicostata (WIES . ) 

Sigmoilina sigmoidea (BRADY) 

Sigmoilopsis schlumbergeri (SILV . ) 

Siphonina reticulate (CZJZEK) 

Siphotextularia concave (KAHRER) 

Sphaeroidina bulloides d ' ORB . 

Spirillina l.imbata !:!RADY .. 

Spirillina vivipara EHREMBERG 

Spiroloculina canaliculata d'ORB . 

Spiroloculina depressa d'ORB . 

Spiroloculina depressa cava WIESS . 

Spiroloculina disparilis TERQUEM 

spiroloculina excavate d ' ORB . 

Spiroloculina grate TERQUEM 

Spiroplectammina wrighti (SILV . ) 

Spirosigmoilina distorta (P . e P . ) 

Spirosigmoilina tenuis (CZJZEK} 

Stainfothia complanata (EGGER) •• 

Textularia agglutinans d ' ORB . 

Textularia pseudogramen CH . e PARR 

Textularia sagittula Dl::FH.ANCE 

Textularia soldanii FOH.NASlNI 

Textularia vola LAL . 

--
Textulariella trochus (d ' ORl:l . } 

Tretomphalus bulloides d ' OHB . 

Trifarina angulosa ('NlLL.) 

Trifarina bradyi {CUSHMAN) . • 

Triloculina gibba d ' ORB , 

Triloculina trica r inat<.1 d ' ORIL 

Triloculina lrigonula (LAM , ) 

Uvigerin<.1 cctnariensis d ' ORB . 

Uvigerina mediterranea HUFKER 

Uvigerina peregrina CUSHMAN 

Uv1gerina pygmaea d ' URIL 

Vaginul ina peregrine CUSHMAN 

Valvuline r ia bradyanu FORN , 

Valvulineria complanata (CUSHMAN) 

Valvulineria marmorea CONATO 

...,:1esnerella .:,uriculato (£1..,(_jER) , , 

--
-----
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referable to the Globorotalia truncatulinoides excelsa 
foraminiferal biozone and to the lower part of the 
Pseudoemiliania lacunosa nannofossil zone (Di Stefano 
and Rio, 1981). The small section is dominated by 
silty marls, with three, several tens of centimeters thick 
interbedded sandy levels at the bottom, at about 1 
meter above the base and about 2 meters below the 
top, which is transgressively cut by a quarzarenitic 
post-Sicilian bed. In the middle part of the composite 
section (2 .20 meters above the base), a 40 cm thick 
biocalcarenitic bed very rich in macrofossils, is pre
sent. It represents the classical Sicilian outcrop pre
viously studied by many authors (see Gignoux, 1913). 
Few macrofossils are present in the marls, but they 
are common in the sandy levels. The silty marls above 
the uppermost sandy level are totally devoid of ma
crofossils. Twenty-five, closely spaced, samples have 
been collected. Paleodimatic results coming from a 
study of the Pteropod assemblages from this section 
suggest (Buccheri, 1983; 1984) several cold climatic 
fluctuations, recognized on the basis of the frequence 
in the samples of the boreal species Limacina retro
versa. This species is extremely frequent and domina
tes (about 99%) the Pteropod assemblage coming 
from the biocalcarenitic bed, where a strong climatic 
peak can be therefore inferred. Just above, Limacina 
retroversa specimens sharply decrease and are rnpidly 
replaced by several subtropical species. In the top
most part of the sequence Pteropods are totally absent . 
The cold climatic fluctuations recorded from the out
cropping sections and the strong cold event recognized 
in the biocalcarenitic bed represent the first, and lower
most, strong cooling in the local Early Pleistocene 
sequence, whose base is older then about 1.2 MA, 
below the Helicosphaera sellii LAD, as discussed 
above. Since the biostratigraphic position of the bio
calcarenitic bed is just a few meters above the base of 
the Pseudoemiliania lacunosa biozone, the coldest 
peak here recorded is correlated with the coldest up
permost peak of the isotopic Stage 22 (Shackleton 
and Opdyke, 1976), which is in the same stratigraphic 
position and represents the oldest strong cold fluctua
tion in the Pleistocene sequence. Considering this cold 
climatic event as a natural break in the Pleistocene 
geologic record, world-wide recognizable in marine 
and continental environment by biostratigraphic (fau
nistic and floristic), paleoclimatic, paleomagnetic and 
isotopic methods, Ruggieri et al. (in press) have pro
posed the top of the biocalcarenitic bed in the section 
still outcropping in the Puleo quarry as stratotype
boundary of the Early-Middle Pleistocene, and as the 
upper boundary of the Selinuntian (considered at Stage 
rank, indicative of the Early Pleistocene) and of the 
Sicilian (considered as Mediterranean Substage or 
chronozone, in the sense of Hedberg). 

PALEOECOLOGICAL RESULTS 

Several Authors (Di Napoli, 1937, 1937a; Emilia
ni et al., 1958; Gradstein, 1970) studied foraminiferal 
assemblages from samples collected in the Cava Puleo 
sediments. Nevertheless, all these studies were always 
based on samples randomly collected. No detailed 
sequence of closely spaced samples have been studied. 
Therefore different results have been obtained. Na
mely, the drastic climatic deterioration and the sharp 
bathymetric jump coincident with the biocalcarenitic 
bed have not been recognized. As a matter of fact, 
according to Emiliani et al. (1958) .temperatures as 
high as 28°C are reported by the isotopic study of 
the Cava Puleo Sicilian sediments. Accordin to Grad
stein (1970) « ... a considerable part of the Sicilian 
deposits were laid down during a warmer period 
before a glaciation». Ortmann and Picard (1954) , who 
took into consideration the rich macrofaunistic as
semblage, reconstructed a generalized neritic to epi
bathyal environment (more than 100 meters in depth) 
with several shallower displaced species. The frequence 
of Arctica islandica is explained as a consequence of an 
active deep circulation and not of a real cooling of 
the waters. 

Foraminiferal assemblages have been studied from 
all the samples in order to obtain paleoecological in
formation. A total of 2-10 species have been classified, 
most of which are more or less continuously present 
in the successive samples (tab. 1). An upward ·decrease 
in the number of species per sample has been recogni
zed from the top of the calcarenitic bed. Paleocli
matic fluctuations are not clearly evident from the 
distribution of plank tonic foraminifera. Globigerina 
pachyderma is generally rare and predominantly right 
coiling. More usefull information was obtained from 
the relative frequence (over 200 planktonic speci
mens) of Globigerinoides ruber and Globorotalia in
flata. Repeated, generally antithetic fluctuations of 
the two taxa abundance (text-fig. 1) are quite well 
modulated with the cold fluctuations as recorded by 
the abundance of the Pteropod Limacina retroversa. 
In the coldest, uppermost peak Globigerinoides ruber, 
recognized in the sample in the qualitative approach 
with specimens characterized by small apertures and 
tightly coiled spire, does not enter the count in the 
quantitative approach and its percentage drops to zero; 
concomitantly, Globorotalia inflata is here present with 
its maximum abundance (50% ). In the « warm
temperate » segment above the biocalcarenitic bed, 
large specimens with big apertures are common in 
the more frequent Globigerinoides ruber population, 
and Globorotalia infl.ata never exceeds 30%. A similar 
trend in the Globigerinoides ruber frequency has been 
recognized in Site 132 (DSDP, Leg 13; see Cita et al., 
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1973) where, coincident with level 4-5, 76 cm, in 
which the base of the Glacial Pleistocene was detected 
(in the lower part of the Pseudoemiliania lacunosa 
biozone) Globigerinoides ruber is completely lacking. 

Paleobathymetric estimates have been inferred 
from the generally rich benthic population. The cha
racter of the total assemblage from each sample, the 
P /B ratio and the trend of the successive percentages 
deduced for the most representative families on about 
600 benthic specimens per each sample ( text-fig. 1) 
were used to evaluate sedimentation depth and its 
main fluctuations along the section. In the segment 
below the biocalcarenitic bed samples yield a generally 
well diversified benthic assemblage. Bolivinitidae, Bu
liminidae, Cassidulinidae and Uvigerinidae (U. medi
terranea is generally well represented) are frequent; 
Textulariidae (Bigenerina nodosaria is sometimes fre
quent and decreases in the upper samples), Cibicididae, 
(Hyalinea baltica, sometimes frequent, decreases in 
the upper samples; Gyroidinoides altiformis is con-• 
stantly present, but rare) and Discorbidae (which slow
ly increase upwards) are generally common, with no 
major fluctuations. Miliolidae are always present and 
gradually increase in top samples, as Elphidiidae and 
Rotaliidae , which are rare or absent at all in the lower
most part: many specimens are broken or corroded, 
probably displaced. Nodosariidae are very rare, es
sentially represented by Dentalina (D. guttifera and 
D. subsoluta are occasionally present with rare spe
cimens), Lenticulina, Saracenaria and rare Amphi
coryna scalaris. Discospirina italica and Hoeglundina 
elegans are always present and sometimes common. 
Planktonic forarninifera are well represented, with a 
mean percentage of about 50%. 

Samples corning from the biocalcarenitic bed, and 
from its topmost part in particular, contain a diffe
rent assemblage. It is very rich but less diverse. The 
percentages of Bolivinitidae, Cassidulinidae and Uvi
gerinidae drop to their minimum values, and Cibici
didae and Discorbidae are rare. On the contrary, El
phidiidae and Rotaliidae, with large and well preserved 
specimens, abruptly increase. In addition, Textularii
dae are frequent but Bigenerina nodosaria is absent. 
Miliolidae, with prevailing well preserved, large spe
cimens of ribbed Quinqueloculina, are now extremely 
frequent (up to 30% of the total benthic popuhtion). 
Nodosariidae are totally absent; Hoeglundina elegans, 
Gyroidinoides altiformis and Discospirina italica dis
appear; Hyalinea baltica is present, but it is very 
rare. P /B ratio greately decreases, with the planktonic 
forms at about 15%. Absence of grading or lamin
ation, the generally excellent preservation of specimens 
(even in Miliolidae, whose test is easely corroded 
during displacement) (but some displaced specimens 
are also present) and the rich well preserved Pteropod 

assemblage, whose thin tests can be hardly displaced 
without demage, would exclude the possibility of con
sidering the biocaicarenitic bed as turbidites or trans
ported mass flow deposits. 

In the uppermost segment, above the biocalcareni
tic bed, the benthic assemblage changes again. The 
number of species per sample gradually decreases until 
only 23 species are present in the topmost sample. 
Cassidulinidae, Bolivinitidae and Uvigerinidae increase 
and are generally frequent. Cibicididae are now better 
represented, while Discorbidae decrease; Melonis, very 
rare in the underlying samples, attains its maximum 
relative frequency and V alvulineria for the first time 
enter the count. Miliolidae, Textulariidae (Bigenerina 
nodosaria is very rare), Elphidiidae and Rot:iliidae 
sharply decrease. Nodosariidae with rare Lenticulina 
and Dentalina, are presena again; Discospririna italica, 
Hyalinea baltica and Hoeglundina elegans reapper. The 
P /B ratio increases, and plankton are about 30%. 

According to the above discussed characters and 
by comparison with bathymetric distributions of recent 
Mediterranean foraminifera (Parker, 1958; Blanc
Vernet, 1969; Wright, 1978), the basal segment is 
referred to the uppermost part of the epibathyal zone 
with an inferred water-depth of about 200 meters, 
gradually and slowly decreasing upwards. The biocal
carenitic bed is referred to the middle part of the 
outer neritic zone, with an estimated paleodepth of 
about 70-J 00 meters. The uppermost segment is re
ferred, after a short transitional interval at · the base, 
to the lower part of the outer neritic zone, with an 
inferred paleodepth of about 120-150 meters. 

CONCLUSIONS 

On the basis of the fauna! changes within the 
benthic foraminifera, a well detectable sea level drop 
of about 100 meters has been recognized at the top 
of the Sicilian stratotype section, testified by the bio
calcarenitic bed in which the first local cold peak of 
the early Pleistocene sequence was detected. This cli
matic event is correlated by biostratigraphic and paleo
clirnatic methods with the top of isotopic Stage 22. 
Bathymetric estimates in the overlying sediments, 
characterized by a « warm-temperate» assemblage and 
correlated with the base of the isotopic Stage 21, 
indicates a sea level rise. These bathymetric fluctua
tions are parallel to the isotopic fluctuations of Stages 
22 and 21. Namely, the strong o 180 increase at the top 
of Stage 22, correlatable with an abrupt sea water 
storage on the continents during expansion of the polar 
ice sheet, coincides with a maximum, quite abrupt 
sea level drop. A sharp decrease in o 180 coincides with 
the base of Stage 21, presumably related to water 
imput in the oceans as a consequence of ice melting. 
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Therefore, a sea level rise must be expected. Accor
dingly, a rapid and significant sea level rise is recorded 
in the part of the section referable to the base of 
Stage 21. The results discussed here show that the 
paleodepth of the thin sediments referred to the 
lowermost part of the isotopic Stage 21 is shallower 
than the one recorded from the basal part of the 
section predating the strong, cold climatic event. 
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