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ABSTRACT -A planktonic foraminiferal biostratigraphy is presented for eight Italian sedimentary successions of the middle Miocene. The 
study areas include the type area of the Langhian Stage (Bormida valley, Southern Piedmont), the type area of the Serravallian Stage (Scrivia 
valley, south-eastern Piedmont), the Marche region and Sicily. 

In the interval between the FAD of Praeorbulina glomerosa sicana and the FAD of Globigerinoides obliquus extremus 7 planktonic 
foraminiferal biozones and 8 subzones have been recognized. They allow detailed subdivisions and correlations of the studied sedimentary bodies. 

The historical stratotype of the Langhian Stage (Cessole composite section) is biostratigraphically bracketed by the FAD of P. glomerosa 
sicana and the FAD of Orbulina universa. 

The FAD of 0. uni versa lies 45 metres below the base of the commonly accepted Serravallian stratotype in the Serravalle Scrivia section. 
The first appearances of P. glomerosa sicana and 0. universa are easily recognizable events which provide valuable biostratigraphical 

criteria for correlation of the lower boundaries of the Langhian and Serravallian stratotypes, as historically fixed. 

RIASSUNTO - [Biostratigrafia a foraminiferi planctonici de! Miocene medio italiano] - Otto successioni stratigrafiche italiane di eta 
medio-miocenica sono state studiate nel loro contenuto in foraminiferi planctonici. Sono state campionate le seguenti sezioni: 1) Bricco del Moro 
e 2) Cessole nella Val Bormida di Millesimo (AT); 3) Serravalle Scrivia (AL); 4) Gavi {AL); 5) S. Maroto nei pressi di Camerino (MC); 6) il Trave 
nei pressi di Ancona; 7) Case Pelacani (Palazzolo Acreide - SR) e 8) Pozzallo (RG) nell'area iblea; 9) M. Giammoia nella Sicilia centrale. Lese­
zioni 1) e 2) rappresentano la successione stratotipica del Piano Langhiano. Le sezioni 3) e 4} interessano la successione stratotipica del Piano Ser­
ravalliano. 

Lo studio biostratigrafico ha consentito una dettagliata suddivisione dei carpi sedimentari indagati ed agevoli correlazioni tra aree diverse. 
Nell'intervallo compreso trail bioorizzonte di comparsa evolutiva di Praeorbulina glomerosa sicana ed il bioorizzonte di comparsa evolutiva 
di Globigerinoides obliquus extremus sono state riconosciute 7 biozone a foraminiferi planctonici. Alcune di esse sono ulteriormente suddivise 
in subzone (complessivamente 8). Lo schema zonale impiegato e, in parte, nuovo. La risoluzione biostratigrafica raggiunta e elevata nel Langhia­
no e nella parte inferiore del Serravalliano; e minore nel Serravalliano media e superiore a causa delle mutate condizioni climatiche e paleogeo­
grafiche. 

Lo stratotipo storico del Langhiano (sezione di Cessole) risulta compreso tra il bioorizzonte di comparsa di Praeorbulina glomerosa sicana 
ed il bioorizzonte di comparsa di Orbulina uni versa. La comparsa di 0. uni versa e stata riconosciuta circa 45 metri sotto la base dello stratotipo, 
comunemente accettato, del Piano Serravalliano (limite inferiore delle A renarie di Serravalle nella sezione di Serravalle Scrivia). Tale evento 
biostratigrafico sembra essere quello che consente la migliore correlazione, mediante i foraminiferi planctonici, del limite inferiore di detto stra­
totipo. 

INTRODUCTION 

The Miocene Series is currently divided into six 
stages introduced during the past century and now 
widely accepted (Berggren et al., 1985; Haq & Van 
Eysinga, 1987; Haq et al., 1988; Cowie & Bassett, 
1989; Harland et al., 1990). Four of them have their 
type area in Italy (Langhian, Serravallian, Tortonian 
and Messinian). 

Despite the common use of these Stages, their 
definition is far from being satisfactory. By 
tradition, stage boundaries were established on the 
basis of lithofacies variations, and the proposals of 
stratotype sections for Miocene Stages were greatly 
influenced by this practice until the sixties of the 
present century. Consequently, most of the 
proposed stratotypes do not seem to be proper, clear 
and precise standards for definition of the 

chronostratigraphic units. Moreover, the 
biostratigraphic data presently available for many 
type sections are conflicting in several aspects (see 
Berggren et al., 1985; Iaccarino, 1985; Berger, 1992). 
A thorough revaluation of the matter in order to 
rigorously define the Miocene Stages, is urgently 
required. 

This reasoning suggested a reappraisal of the 
Langhian and Serravallian historical stratotypes. The 
planktonic foraminifers of the type sections were 
studied with the aim of precisely recording time­
significant biostratigraphic events. 

To attain a better understanding of the 
biostratigraphical problems of the middle Miocene, 
the researches were extended to other Italian 
sedimentary successions of the same age. The main 
objectives were to control the succession of the 
planktonic foraminiferal events in different 
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geological contexts and test the possibilities of 
recognizing and correlating these events over a suf­
ficiently large area. 

STUDY AREAS 

I have studied planktonic foraminiferal assem­
blages from eight stratigraphic successions chosen as 
representative of the Italian (Mediterranean) middle 
Miocene. 

The selected areas are (Text-fig. 1): 
- The Langhe region (Bormida di Millesimo 

valley) near Cessole (Asti Province), type area of the 
Langhian Stage (Pareto, 1865). 

The Scrivia and Lemme valleys, between 
Serravalle Scrivia and Gavi (Alessandria Province), 
type area of the Serravallian Stage (Pareto, 1865). 

- The inner Marche region around Camerino 
(«Camerino Basin») and the neighbourhood of An­
cona on the Adriatic coast. 

- The Hyblean Plateau in eastern Sicily. 
- Central Sicily (so-called «Caltanissetta Basin»). 

I. Bonnida valley: 
Bricco de! Moro and Cesso le 

2. Gavi 
3. Serravalle Scrivia 
4. Trave (Ancona) 
5. S. Maroto 
6. Case Pelacan i (Palazzolo Acreide) 
7. Pozza llo 
8. M. Giammoia 

Text-fig. 1 - Geographical locations of the studied sections. 

ADOPTED PLANKTONIC FORAMINIFERAL 
ZONATION 

The studied sedimentary bodies have been 
divided into biostratigraphic units in accordance 

with a planktonic foraminiferal zonal scheme sum­
marized here (Tab. 1). This scheme derives from a 
critical evaluation of the existing literature (see, for 
example, Iaccarino & Salvatorini, 1982; Iaccarino, 
1985; Bizon, 1979; Borsetti et al., 1979; etc.) taking 
into account the results of the present study. 

The employed biostratigraphic units are listed 
below from oldest to youngest: 

1) Globigerinoides trilobus Interval Zone (Iac­
carino & Salvatorini, 1982). 

2) Praeorbulina Lineage Zone: interval from the 
horizon of the first evolutionary appearance of 
Praeorbulina glomerosa sicana to the horizon of the 
first evolutionary appearance of Orbulina suturalis. 
The Zone is subdivided into the following subzones: 

2.1) Praeorbulina glomerosa sicana Lineage 
Subzone: interval from the lower boundary of the 
Praeorbulina Zone to the horizon of the first 
evolutionary appearance of P. glomerosa curva. 

2.2) Praeorbulina glomerosa curva Lineage 
Subzone: interval from the upper boundary of the 
preceding Subzone to the horizon of the first ap­
pearance of P. glomerosa circularis. 

2.3) Praeorbulina glomerosa circularis Lineage 
Subzone (Iaccarino & Salvatorini, 1982). 

3) Orbulina suturalis - Globorotalia peripheroron­
da Concurrent Range Zone (Iaccarino & Salvatorini, 
1982). The Zone is subdivided into three subzones as 
follows: 

3.1) Orbulina suturalis Lineage Subzone (Iac­
carino & Salvatorini, 1982). 

3.2) Orbulina universa Lineage Subzone (Iac­
carino & Salvatorini, 1982). 

3.3) Globorotalia praemenardii - Globorotalia 
peripheroronda Concurrent Range Subzone (Iac­
carino & Salvatorini, 1982). 

4) Globoquadrina altispira Interval Zone: inter­
val from the horizon of the local disappearance, in 
the Mediterranean, of Globorotalia peripheroronda to 
the horizon of the appearance of Paragloborotalia 
partimlabiata. 

5) Globigerinoides subquadratus Interval Zone: 
interval from the horizon of the appearance of P. par­
timlabiata to the horizon of the first evolutionary 
appearance of Globigerina nepenthes. The unit is sub­
divided into the following subzones: 

5 .1) Paragloborotalia partimlabiata Interval 
Subzone: interval from the horizon of the appearan­
ce of P. partimlabiata to the horizon of the appearan­
ce of Globigerina decoraperta. 

5.2) Globigerina decoraperta Interval Subzone: 
interval from the top of the preceding Subzone to 
the biohorizon of the evolutionary appearance of G. 
nepenthes. 

6) Globigerina nepenthes - Paragloborotalia 
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mayeri Concurrent Range Zone: interval from the 
horizon of the appearance of G. nepenthes to the 
horizon of the disappearance of Paragloborotalia 
mayerz. 

7) Globigerinoides obliquus Interval Zone: inter­
val from the horizon of the disappearance of P. 
mayeri to the horizon of the appearance of 
Neogloboquadrina acostaensis. 

8) Neogloboquadrina acostaensis Interval Zone 
(Iaccarino & Salvatorini, 1982). 

Bricco della Croce 
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9) Globigerinoides obliquus extremus Interval 
Zone (Iaccarino & Salvatorini, 1982). 

THE LANGHIAN TYPE AREA: THE «LANGHE» NEAR 
CESSOLE (ASTI) 

Stratigraphical setting. A thick succession of 
mainly siliciclastic deposits make up the well-known 
«stratigraphical landscape» of the «Langhe» region in 
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Text-fig. 2 - Location of the Bricco de! Moro and Cessole sections (From the IGM Carta d'ltalia, scale 1:25.000, Sheet 81 I NO Bubbio). 
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BRICCO DEL MORO section 
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Text-fig. 3 - Lithological log of the Bricco del Moro section and ranges of selected planktonic foraminiferal species. 

southern Piedmont. These Oligocene to Miocene 
deposits accumulated in the southern-central part of 
a large Cenozoic episutural basin (sensu Bally & 
Snelson, 1980), the so-called « Tertiary Piedmont 
Basin» (Sacco, 1890; Gelati, 1968; Lorenz, 1969; 
Gelati & Gnaccolini, 1982 e 1988; Gelati et al., 1993; 
Gnaccolini et al., 1992; etc.). Bormida valley is an 
important part of the Langhe. 

According to Gelati (1968), the lower to middle 

Miocene of the Bormida valley can be divided into 
three main lithostratigraphic units listed below in 
ascending stratigraphic order: 

1) The Cortemilia Formation (Gelati, 1968) for­
med by rhythmic alternations of sands or sandstones 
and marls. 

2) The Cessole Formation (Vervloet, 1966; 
Gelati, 1968) composed of clayey marls with 
irregular intercalations of thin-bedded sands and sand-
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CESSOLE section 
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Text-fig. 4 - Lithological log of the Cessole section and ranges of selected planktonic foraminiferal species. 

stones («marne a pteropodi» = «pteropod marls» 
Auctt.). 

3) The Cassinasco Formation (Vervloet, 1966; 
Gelati, 1968) composed of thick-bedded coarse­
grained sands and sandstones with irregular inter­
calations of thin-bedded silty marls. 

The last two units are partially heteropic. 

The «marne a pteropodi» of the Cessole F m. are 
considered a shelf-margin or slope hemipelagic 
deposit on the basis of sedimentological (Gnaccolini, 
1960; 1967; 1968) and paleontological (Premoli Silva, 
1960; Oertli, 1961; Robba, 1971) evidence. 

The Cortemilia Fm. and Cassinasco Fm. are 
currently interpreted as basin plain turbidite 
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Bricco del Moro section 
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soecies : 
J .GlobiJ?erina praebuJ/oides X X X X X X X X X X X X X X X X X X X X X X X 

2 .G/obiJ?erina drurvi X X X X X X X X X X X X X X X X X X 

3 .G/obif!erinoides trilobus X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

4.Globif!erinoides bisphericus X X X X X X X X X X X X X X X X X X X X X X X 

5.Globorotalia praescitula X X X X X X X X X X X X X X X X X X X X X X X X X X 

6.G/oboquadrina baroem.oenensis X X X X X X X X X X X X X X X X X X X X X X X X X X X 

7.Turborotalita cf quinqueloba X X X X X X X X X X X X X X X X X X X 

8.G/obiJ?erinella obesa X X X X X X X X X X X X X X X X X X X X X z X 

9.Globoquadrina /anghiana X X X X X X X X X X X X X X X X X X X X X t.ll X 

10.Globoquadrina dehiscens X X X X X X X X 0,: X 

11.GlobiJ?erinita J?iuJinata X X X X X X X X X X X 0,: 

12 .GlobiJ?erinella praesiphoni{era X X X < 
13.ParaJ?loborotalia continuosa X X X X X X X X X X X i:lO 

14.Globoquadrina larmeui X X X X X X X X X 

15.Praeorbulina J?iomerosa sicana X X X X X X X X X X X X X X 

16.Praeorbulina transitoria X X X X X X X X X X 

17.Globorotalia peripheroronda X X X X X X X 

18.GlobiJ?erina woodi X X X X X 

19.GlobiJ?erinoides subquadratus X 

20 .Paragloborotalia mayeri X X X X X X X 

ZONE G. trilobus Praeorbulina 

SUBZONE Praeorbulina glomerosa sicana 

STAGE Burdigalian Langhian 

Tab. 2 - Occurrence of planktonic foraminifera in the samples of the Bricco de! Moro section. 

deposits (Gnaccolini, 1968; Casnedi, 1983; Caprara 
et al., 1985). 

In describing the Langhian Stage for the first 
time, Pareto (1865) mentioned the area surrounding 
Acqui Terme and Bistagno, in the Bormida valley, as 
typical of his new Stage. About a century later, Cita 
& Premoli Silva (1960a) proposed as Langhian 
Stratotype the stratigraphic succession exposed near 
Cessole, in the Bormida di Millesimo valley. The 
stratotype, as described by the authors, consists of 
the Cessole Fm. outcropping near its type locality 
(see Cita & Blow, 1969, fig. 4; Cita, 1967 and 1971). 
The stratotype boundaries were never precisely 
designated; they were taken as roughly coincident 
with the limits of the Cessole Fm .. The upper limit 
(Cessole/Cassinasco boundary) is rather sharp and 
easily detectable in the field, while the lower one 
(Cortemilia/Cessole transition) is gradational and 
poorly exposed in the Langhian type area. 

Biostratigraphical studies on the section include 
those of Cita & Premoli Silva (1960a, 1968); Cita & 
Blow (1969), Martini (1968, 1971) and Bossio et al. 
(1992). Cita & Premoli Silva (1960a, 1968) reported 
the first occurrence of Praeorbulina glomerosa curva 

in the lower part of the Cessole Formation (Bricco 
del Moro section) and the last occurrence of Praeor­
bulina in the uppermost part of the proposed 
Langhian stratotype (Cessole section). Cita & Blow 
(1969) assigned the upper part of the Cessole For­
mation (and the upper boundary of the Langhian 
stratotype) to Blow's (1969) Zone Nl0 (see also 
Ryan et al., 1974). Iaccarino (1985) disagreed with 
this last statement. She argued that the Langhian/ 
Serravallian boundary, in the Langhian type section, 
falls within Blow's Zone N9 and approximates the 
first occurrence of Orbulina universa. 

THE BRICCO DEL MORO AND CESSOLE SECTIONS 

The measured and sampled stratigraphic sections 
are located near the Bricco del Moro hill and on the 
outskirts of Cessole (Asti Province). The study area 
is represented in Text-fig. 2. 

The Bricco del Moro section (Text-fig. 3) strad­
dles the transition from the Cortemilia Fm. to the 
Cessole Fm .. It substantially corresponds to the up­
per part of Vervloet's (1966) section Ilc (Map II). It 
fairly well matches the middle and upper part of the 
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Cessole section (interval a-b) 

vi N "' ~ "' 
..,, .... 00 a- 0 N "' :! "' 

..,, .... 00 ~ 0 ;:;; N "' 
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"' 
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samples: Cll Cll Cll Cll Cll Cll Cll vi vi vi vi N N N N N N 
u u u u u u u u u Cll Cll Cll Cll Cll en Cll Cll Cll Cll Cll Cll Cll u u u u u u u u u u u u u u u u u 

species: 
J .GlobiRerina praebulloides X X X X X X X X X X X X X X X X X X X X X X X X X X 

2.Globif?erina woodi X X X X X X X ,- ~ 
3.Turborotalita cf quifUlue/oba X X X X X X X X X X X X X X X X X X X X X X X X X X 

4 .Globif?erinoides trilobus X X X X X X X X X X X X X X X X X X X X X X X X X X 

5 .GlobiRerinoides bisphericus X X X X X X X X X X X X X X X X X X X X X X X X X 

6.GlobiRerinoides subquadratus X X X X X X X X 

7.Globif?erinella obesa X X X X X X X X X X X X X X X X X X X X X X X X X 

8.GlobigeriMlla praesiphonifera X X X X X X X X X X X X X X X X X X X X 

9.Praeorbulina glomerosa sicana X X X X X X X X X 

10.Praeorbulina g/omerosa curva X X X X X X X X X X X X X X X X X X 

11.Praeorbulina glomerosa glomerosa X X X X X X X X X X X X X X X X X X X X X X X 

12 .Praeorbulina transitoria X X X X X X X X X X X X X X X X X X X X X X X X X X 

I 3 .Globorotalia praescitula X X X X X X X X X X X X X X X X X X X X X X X X X X 

14.Globoquadrina dehiscens X X X X X X X X X X X X X X X 

15.G/oboquadrina Janghiana X X X X X X X X X X X X X X X X X X X X 

16.Globoquadrina baroemoeMnsis X X X X X X X X X X X X X X X X X X X X X X X X X X 

17.Globoquadrina altispira X X X X X X X X X 

18.Globoquadrina Jarmeui X X X X X X X X X 

19 .GlobiRerina druryi X X X X X X 

20.Paraf?/oborotalia continuosa X X X X X 

21.Globigerinafalconensis X X X 

22 .Globorotalia archeomenardii X X 

23.Paraidoborotalia mayeri X X X X X 

24 .Paragloborotalia siakensis X X X X X 

25 .Praeorbulina Rlomerosa circular is cf cf cf X X X X 

26.Globorotalia peripheroronda 

27.Orbulina suJuralis 
28.Orbulina universa 

ZONE Praeorbulina 

SUBZONE P. l!lomerosa curva P . p/om. circularis 

STAGE LanQhian 

Tab. 3a - Occurrence of planktonic fo raminifera in the samples of the Cessole section (interval a-6). 

Bricco del Moro section described by Cita & 
Premoli Silva (1960a), that is to say the lower por­
tion of the proposed Langhian stratotype (Premoli 
Silva, 1993, written communication). 

The Cessole section (Text-fig. 4) largely 
corresponds to that described by Gelati (1968, p. 
913). The sampling route is approximately the same 
as Gelati's in the lower part; it slightly differs in the 
upper part in order to sample better exposures and 
avoid tectonic duplications. The measured section 
consists of three segments which easily correlate in 
the field. It represents the middle and upper part of 
the proposed Langhian Stratotype (Bricco della 
Croce section of Cita & Premoli Silva, 1960a) and 
includes the Cessole/Cassinasco boundary (upper 
boundary of the stratotype). 

Biostratigraphy. The samples collected in the Cor-

temilia Fm. and in the basal part of the Cessole Fm. 
(Bricco del Moro section, Text-fig. 3) as well as those 
from the Cassinasco Fm. (upper part of the Cessole 
section, Text-fig. 4) yielded low-diversity, poorly 
preserved foraminiferal assemblages. On the other 
hand, the samples from the typical «marne a 
pteropodi» of the Cessole Fm. (Cessole section, see 
Text-fig. 4) yielded abundant planktonic fora­
minifers, which are relatively well preserved 
although recrystallization of the tests is always ob­
served. 

The species occurrences in the collected samples 
are shown in Tab. 2 (Bricco del Moro section) and 
Tab. 3a-3b (Cessole section). The most significant 
biostratigraphic data are summarized below. 

In the Bricco del Moro section Praeorbulina 
glomerosa sicana first occurs in the uppermost part of 
the Cortemilia Formation (sample BMG36) around 



Cessole section (interval c-d) 

0 - N ..-. ""' "' ..... 00 a, 0 - - N .... " "' "' ..... 00 a, 0 - N ~ $ ~ ~ ..... 00 a, 0 - N .... 
samples: ........ ........ ........ .... .... ........ " " "'"' "'"' "'"' "' "' "' "' "' "' "' "' "' ..... .......... ..... 
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soecies : 
1 .GlobiKerina praebulloides X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

2 .GlobiKerina woodi X X X X X X X X X X X X X X X X 

3 .Turborotalita c{. quinqueloba X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

4 .Globigerinoides trilobus X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

5.Globigerinoides bisphericus X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

6.Globigerinoides subquadratus X X X X 

7.Globigerinella obesa X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

8.G/obigerinella praesiphonifera X X X X X X X X X X X X X X X X X X X X X X X X 

9.Praeorbulina Kiomerosa sicana 
J0Praeorbulina Kiomerosa curva X X X 

11 Praeorbulina Kiomerosa J//omerosa X X X X X X X X X X X X X X X X X X 

12 Praeorbulina transitoria X X X X X X X X X X X X X X X X X X X X X X X X X X X 

13.Globorotalia praescitula X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

14 .Globoquadrina dehiscens X X X X X X X X X X X X X X X X X X X X X X 

15 .Globoquadrina lanKhiana X X X X X X X X X X X X X X X X X X X X X X X X X X 

16.Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

17.G/oboquadrina altispira X X X X 

18.Globoquadrina /armeui X X X X X X X X X X X X X 

19.Globigerina druryi X X X X X X X X X 

20Paragloborotalia continuosa X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

21 .Globigerina falconensis X X X X X 

22 .Globorotalia archeomenardii X X X 

23 ParaKloborotalia mayeri X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

24 ParaRloborotalia siakensis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

25 Praeorbulina glomerosa circular is X X X X X X X X X X X X X X X X X X X X X X X 

26.Globorotalia peripheroronda X X X X X X 

27.Orbulina suturalis et X X X X X X X X X 

28.Orbulina universa et 

ZONE Praeorbulina 0 . suturalis - G. peripheroronda 

SUBZONE P. g/omerosa circularis 0 . sutura/is 0 . universa 

STAGE Lanqhian Serraval. 

Tab. 36 - Occurrence of planktonic foraminifera in the samples of the Cessole section (intervals c-d and e-f) 

(Interval e-t) 
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Text-fig. 5 · Location of the Serravalle section (From the IGM 
Carta d'Italia, scale 1:25.000, sheet 70 II SE Serraval­
le). 

sixty metres below the base of the Cessole For­
mation. 

The lower part of the Cessole section (Tab. 3a) 
yielded a planktonic foraminiferal assemblage with 
P. glomerosa sicana, P. glomerosa curva, P. glomerosa 
glomerosa and is assigned to the P. glomerosa curva 
Subzone. Going up the stratigraphic succession, the 
first occurrences of P. glomerosa circularis (in sample 
CS21), of Orbulina suturalis (in sample CS62) and of 
Orbulina universa (in sample CS85) were suc­
cessively recorded. 

The first occurrence of 0. universa, that marks 
the base of the 0. universa Subzone, was recognized 
in sample CS85, which was taken below the boun­
dary between the Cessole Fm. and the overlying 
Cassinasco Fm. It immediately follows the last oc­
currence of P. glomerosa circularis. 

A gap exists between the top of the Bricco del 
Moro section and the bottom of the Cessole section. 
It corresponds to a part of the P. glomerosa sicana 
Subzone plus part of the overlying P. glomerosa cur­
va Subzone. This interval is poorly exposed in the 
Langhian type area. 

Praeorbulina glomerosa curva was not found in 
the lower part of the Cessole Formation (Bricco del 
Moro section). 

In the studied sections, the Cessole Formation 
(«Marne a pteropodi» Auctt.) ranges from above the 
horizon of the first occurrence of P. glomerosa sicana 
to the horizon of the first occurrence of 0. universa. 

I recognized the former around sixty metres below 
the base of the Formation and the latter close to the 
Cessole - Cassinasco boundary. 

Similar results have been reached by Bossio et al. 
(1992). 

THE SERRA VALLIAN TYPE AREA: THE SCRIVIA AND 
LEMME VALLEYS 

Stratigraphical setting. The Scrivia and Lemme 
valleys are located in the eastern part of the Tertiary 
Piedmont Basin. The local stratigraphic succession is 
well known having been studied for more than a 
century (Pareto, 1865; Mayer, 1877; Sacco, 1890; 
Lorenz, 1969; Andreoni et al., 1981; Casnedi, 1983; 
Caprara et al., 1985; Ghibaudo et al., 1986; etc.). The 
Miocene stratigraphic succession of the area is 
similar to that of the Bormida valley in its lower 
part; it significantly differs in the upper part. 

The lithostratigraphic units commonly 
recognized are the following, from bottom to top: 

1) The Costa Areasa Formation (Vervloet, 1966; 
Andreoni et al., 1981; Ghibaudo et al., 1986), which 
is lithostratigraphically correlatable with the Cor­
temilia Fm. of the Langhe area (Gelati & Gnac­
colini, 1988). The age is Burdigalian-early Langhian. 

2) The Cessole Formation, composed _of clayey 
and silty marls, associated with siltstones and fine­
grained sandstones; it presents a higher content of 
siliciclastic material than in the type area. The age is 
Langhian. 

• - .. -· ~ ,. e,. ... y 
e rosso 

N 

I ,. 
~ 

Text-fig. 6 · Location of the Gavi section (From the IGM Carta 
d'ltalia, scale 1:25,000, sheet 70 II SO Gavi), 
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SERRA VALLE section 
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Text-fig. 7 - Lithological log of the Serravalle section and ranges of selected planktonic foraminiferal species. 

3) The Serravalle Sandstone (Boni, 1967a) for­
med by fine- to coarse-grained, mainly bioclastic sand­
stones, siltstones and silty marls. 

4) The S. Agata Fossili Marl (Beatrizotti et al., 
1965; Boni, 19676) composed of silty and sandy 
marls with intercalations of fine-grained sands and 

sandstones. Large bodies of resedimented 
conglomerates are locally present. The S. Agata 
Fossili Marl exposed in the Rio Mazzapiedi near 
Castellania (some ten kilometres NNE of Serravalle) 
forms the historical stratotype of the Tortonian 
Stage (Gianotti, 1953; Cita et al., 1966). 
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Text-fig. 8 - Lithological log of the Gavi section and ranges of selected planktonic foraminiferal species. 

The sands and sandstones outcropping near 
Serravalle Scrivia (Alessandria) were indicated by 
Pareto (1865) as representative of his Serravallian 
Stage, Following the original indication of Pareto, 
Vervloet (1966) proposed as Serravallian stratotype 
precisely the type section of the Serravalle For­
mation ( = Serravalle Sandstone) exposed on the 
banks of the Scrivia river near Serravalle. The lower 
boundary of the Serravalle Formation is the lower 
boundary of Vervloet's stratotype. Another section, 
in the neighbourhood of Gavi (Alessandria), was 
proposed by Boni (1967a) as type of the Stage in 
place of that of Vervloet (Boni & Selli, 1971). 

Previous biostratigraphical studies on the two 
sections include those of Vervloet (1966), Boni 
(1967), Cita & Blow (1969), Foresi (1992). Cita & 
Blow (1969) assigned the base of the Serravalle For· 
mation to Blow's Zone NlO and proposed «to define 
biostratigraphically the Serravallian as coincident 
with the base of Zone Nll». laccarino (1985) rejec­
ted this proposal and assumed that the Serravallian 
lower boundary, which is approximated by the first 
occurrence of 0. universa, falls within Zone N9. 
Foresi (1992) recorded the first occurrence of 0. 
universa below the Serravallian stratotype. 



Serravalle section 
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species: 
l .Praeorbulina glomerosa circularis X X X X 

2 .G/obigerina praebul/oides X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

3.Turborotalita quinque/oba X X X X X X X X X X X X X X X X X X X X X X X X X 

4.Globigerinoides tri/obus X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

5.Globigerinel/a obesa X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

6.G/oborotalia praescitula X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

7.Paragloborolalia mayeri X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

8.Parag/oborotalia siakensis X X X X X X X X X X X X X X X X X X X 

9.Globoquadrina dehiscens X X X X X X X X X 

10 .Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

11 Parag/oborolalia conlinuosa X X X X X X X X X X X X X X X X X X 

12 .Globoquadrina altisvira X 

13 .Globorolalia archeomenardii X X 

14 .G/oboquadrina langhiana X X X X X X 

15 .G/obigerina druryi X X X X X X X X X X 

16.G/obigerina woodi X X X X X X X X X X 

17.Globigerinella praesiphonifera X X X X X X X X X X X X X 

18 .Orbulina suJuralis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

19 .Globigerinila g/uJinata X X X X 

20 .G/obigerinoides subquadralus X 

21 .Orbulina uni versa X X X X X X X X X X 

22 .Globoquadrina larmeui X X 

23.G/oborolalia verivheroronda X X X X 

24 .G/obigerina falconensis X 

25 .Globorolalia miozea 

ZONE Pr. Orbulina suJuralis • Globorotalia peripheroronda 

SUBZONE Orbulina suJuralis Orbulina universa 

STAGE Lanohian 

Tab. 4 · Occurrence of planktonic foraminifera in the samples of the Serravalle ~ection. 
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Gavi section 
N "' V v-, SC ,-.. 00 °' 

0 - N "' V v-, -c r-- 00 °' 0 ;::; N "' V v-, SC 0 ;:;; N > > > > > > > > N N N N N N "' "' samples: > > > > > > > > > > > > > > > > > > > > > 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

snecies: 
l .Praeorbulina /ransitoria X X 

2 Praeorbul ina Jl/omerosa circularis X X X 

3 .GlobiJ1erine/la praesiphonifera X X X 

4.Globoquadrina /anJ1hiana X X X X X X X X X X X X X X X X 

5.Globoquadrina larmeui X X X X X X X X X X X 

6.GlobiJ1erina praebulloides X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

7.GlobiJ1erina woodi X X X X X X X X X X X X X X 

8.Turborotalita quinqueloba X X X X X X X X X X X X X X X X X X X X X X 

9.GlobiJlerinoiaes trilobus X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

JO .GlobiJ1erine/la obesa X X X X X X X X X X X X X X X X X X X X X X X X X X X 

11.0rbulina suturalis X X X X X X X X X X X X X X X X X X X X X X X X X X 

12 .Globorotalia praescitula X X X X X X X X X X X X X X X X X X X X X X X X 

13 .Parag/oborota/ia mayeri X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

14 .Parag/oborotalia siak.ensis X X X X X X X X X X X X X X X X X X X X X X X X X X 

15 .Para1doborotalia continuosa X X X X X X X X X X X X X X X X X X X X X X X X X 

16.Globoquadrina dehiscens X X X X X X X X X X X X X 

17.Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X X X X X X X X 

18 .Globoquadrina altispira X X X X 

19 .Globigerina Jalconensis X X 

20 .Globigerina druryi X X X X 

21.Globigerinoides subquadratus X X X X 

22.0rbulina universa X X X X X X X 

23.Globorotalia peripheroronda X 

24 .Globorotalia praemenardii X 

ZONE Orbulina suturalis - Globorotalia peripheroronda 

SUBZONE Orbulina suturalis Orbulina universa • 

STAGE Langhian Ser. 

Tab. 5 - Occurrence of planktonic foraminifera in the samples of the Gavi section. 

THE SERRAVALLE AND GAVI SECTIONS 

Two sections have been measured and sampled: 
1) South of Serravalle, in the Scrivia river and 

along highway SS 35, close to the village of Libarna 
(Text-fig. 5); 

2) on the eastern outskirts of Gavi (Text-fig. 6). 
The former section (Text-fig. 7) corresponds to 

the lower and middle part of Vervloet's section IVD 
(Map IV); it straddles the boundary between the 
Cessole Fm. and the Serravalle Sandstone ( = 
Precipiano Formation and Serravalle Formation 
respectively of Vervloet, 1966). On the Scrivia left 
bank, nearly one kilometre south of Serravalle and 
immediately downstream of the railway viaduct 
across the river, the stratigraphic boundary between 
the Cessole Fm. and the Serravalle Sandstone crops 
out: yellow arenaceous calcarenites of the Serravalle 
Sandstone overlie, with a sharp contact, grey silty 
marls, pertaining to the Cessole F m. The lower part 

of the studied section was sampled starting some 
tens of metres upstream of the railway bridge and 
following the left bank of the Scrivia; it spans the 
upper part of the Cessole Fm. and the lowermost 
beds of the Serravalle Sandstone. The upper part of 
the section was sampled in the steep scarp along the 
Serravalle-Arquata Scrivia road. 

The Gavi section was described by Boni (1967a) 
as Serravallian type section and was visited by the 
members of the Committee on Mediterranean 
Neogene Stratigraphy during the IV Congress held 
in Bologna (1967). The stratigraphic interval sam­
pled for the present study (Text-fig. 8) corresponds 
to the lower part of Boni's section. It spans the up­
per part of the Cessole F m. and the basal part of the 
Serravalle Sandstone, here represented by medium­
to coarse-grained, cross-bedded sands and sand­
stones. The sampling was performed in the disused 
quarry located near the cemetery of Gavi and along 
the steep road to the «Forte». Only two samples 
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were collected in the basal part of the Serravalle San­
dstone because the local lithofacies is unsuitable for 
micropaleontological sampling. 

Biostratigraphy. The microfossil assemblages of 
the studied samples are generally of low abundance 
and diversity. The preservation of the foraminifers 
(and of rare ostracods) is rather poor. The tests are 
encrusted and recrystallized. 

The planktonic foraminiferal species occurrences 
in the samples are shown in Tab. 4 (Serravalle sec­
tion) and Tab. 5 (Gavi section). 

For the Serravalle section (Text-fig. 7; Tab. 4) the 
most meaningful data are summarized below. 

- The first occurrence of 0. suturalis (base of the 
0. suturalis Subzone) was recorded in sample 
SCRB3. 

- 0. universa was first recognized in sample 
SCR5 and I have drawn the lower boundary of the 
0. universa Subzone at level SCR5. This level is 
around 45 metres below the base of the Serravalle 
Sandstone. 

- Globorotalia peripheroronda was observed as 
scattered in the upper part of Cessole Fm. and in the 
lower part of the Serravalle Sandstone. 

It is worth noting that Globorotalia praemenardii 
was not detected in the Serravalle section and 
Globorotalia peripheroronda is extremely rare. Hence 
I failed to recognize the upper limit of the 0. univer­
sa Subzone (lower boundary of the G. praemenardii 
- G. peripheroronda Subzone) and the upper limit of 
the 0. suturalis - G. peripheroronda Zone. Generally 
speaking, no significant biohorizon was recognized 
in the Serravalle Sandstone. 

I obtained similar results from the Gavi section 
study (Tab. 5). The following data are of significan­
ce: 

- P. glomerosa circularis was recorded in the 
three lowest samples; 

- 0. suturalis was continuously recorded from 
the base of the section; 

- 0. universa was first recognized in sample 
GV20; 

- G. peripheroronda was detected in only one 
sample (GV20); 

- G. praemenardii occurs in sample GV32. 
Consequently, the base of the Serravalle Sand­

stone in the Gavi section (base of the Serravallian ac­
cording to Boni, 1967 a) falls in the 0. uni versa 
Subzone and it is biostratigraphically bracketed by 
the first occurrence datums of 0. universa and G. 
praemenardii. These results are in agreement with 
Boni (1967a, fig. 17). 

Summing up, it results that the first occurrence 
of 0. universa is the most useful planktonic 

foraminiferal event recognizable near the lower 
boundary of the Serravalle Sandstone (proposed 
lower boundary of the Serravallian Stage) both in 
the Serravalle and Gavi sections. The appearance of 
G. praemenardii in the lower part of the Serravalle 
Sandstone (Gavi section) probably approximates the 
first evolutionary appearance of the species. 
However, the lineage from Globorotalia archeomenar­
dii to G. praemenardii is not documented in the sec­
tions studied; the evolutionary transition is not 
precisely detectable. Moreover G. praemenardii was 
not recorded in the Serravalle section. So the first 
evolutionary appearance horizon of 0. universa 
seems to be more suitable for widespread correlation. 

It must be stressed that the depositional environ­
ment of the Serravalle Sandstone was clearly not 
favourable for recording time-significant planktonic 
foraminiferal assemblages. Deep-dwelling species, 
such as G. praemenardii (Keller, 1985; Gasperi & 
Kennett, 1993), are exceedingly rare or lacking 
throughout the Sandstone (as well as in the upper 
part of the Cessole Fm.). Hence, a detailed 
biostratigraphic zonation and a careful correlation 
of the Serravalle Sandstone are greatly hampered. 

THE MIDDLE MIOCENE OF THE MARCHE REGION 

Stratigraphical setting. The stratigraphic suc­
cession of the Marche region consists of a thick, con­
tinuous, mostly pelagic, fossiliferous sequence ac-
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Text-fig. 10 - Lithological log of the S. Maroto section and ranges of selected planktonic foraminiferal species. 

cumulated on the Adriatic-Apulian continental 
margin (Apenninic Foreland) from the Jurassic to 
the Miocene (Selli, 1954; Crescenti et al., 1969; Cen­
tamore et al., 1980; Centamore & Deiana, 1986; 
Centamore & Micarelli, 1991; etc.). 

The Lower and Middle Miocene are made up of 
hemipelagic deposits commonly referred to two in­
formal lithostratigraphic units: the Bisciaro for­
mation (limestones and cherty limestones interbed­
ded with marls and calcareous marls) and the Schlier 
formation (marls and calcareous marls, with inter­
calations of volcanoclastic layers and volcanic­
derived clays). The age of the Schlier is Burdigalian 

to Tortonian (Burdigalian to Messinian in the 
eastern part of the region, beyond the so-called Mar­
chean ridge; Cantalamessa et al., 1986). 

The Middle Miocene stratigraphic succession of 
the Marche region has been studied in two sections: 
1) the S. Maroto section, located in the so-called 
«Camerino inner basin» (Calamita et al., 1979); 2) 
the T rave section, on the coast near Ancona. 

THE SAN MAROTO SECTION 

The section was traced near the locality of S. 
Maroto (Pievebogliana Commune, Macerata Provin-
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species: 
l .Globigerinoides bisphericus X X X X X X X X X X X X X 

2 .Globoquadrina langhiana X X X X X X X X X X X 

3.Globorotalia praescitula X X X X X X X X X X X X X X 

4 .G/obigerina praebulloides X X X X X X X X X X X X X X X X X 

5 .Globigerinoides trilobus X X X X X X X X X X X X X X X X X X 

6.Parag/oborotalia mayeri X X X X X X X 

7.G/oboquadrina baroemoenensis X X X X X X X X X X X X X X X X X 

8.Praeorbulina transitoria X X X X X X X X X X X X X X X X 

9.GlobiKerina woodi X X X 

10.G/obiKerinoides subquadratus X X 

11 .G/obiKerinel/a obesa X X X X X X X X X X X X X X 

12 .G/oborotalia peripheroronda X 

13 .Parag/oborotalia continuosa X X X X X X X )( 

14 .G/oboquadrina /armeui X X X X X X 

15 .Turborotalita quifUlue/oba X X 

16 .Globoquadrina dehiscens X X X 

17.Globigerinella praesiphonifera X X 

18.Praeorbulina Klomerosa sicana X X X X X X X X X X X X X 

19.Praeorbulina Klomerosa curva X X X X X X X X 

20.ParaKloborotalia siakensis X X X X X 

21.Praeorbulina Klomerosa Klomerosa X 

22 .Praeorbulina glomerosa circular is 

23 .G/obigerina druryi 

24 .Orbulina suJura/is 

25 .Orbulina universa 

26.G/obigerina falconensis 

27.Globorotalia miozea 

28 .G/oborotalia praemenardii 

29 .G/oboquadrina altispira 

ZONE G. trilobus PraeorbuliM 

SUBZONE sicana curva 

STAGE Burdigalian Langhian 

Tab. 6 - O ccurrence of planktonic foraminifera in the samples of the S. Maroto sectfon. 
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ce). The area is represented in Text-fig. 9. Along the 
dirt road from S. Maroto to S. Mauro the 
stratigraphic succession consists of the Scaglia 
Cinerea formation (marls, 0ligocene in age), the 
Bisciaro and the Schlier (see Calamita et al., 1979 for 
more details). The studied section, 95 metres thick 
(Text-fig. 10), was measured in the middle-lower part 
of the Schlier, which crops out continuously. A thin 
bed of bentonitic clay occurs at level SM41. 

Biostratigraphy. Usually the collected samples 
yielded abundant, poorly preserved foraminifers. 
However, the microfossil preservation varies from 
sample to sample. The tests are always 
recrystallized, sometimes they are greatly encrusted 
and partially etched. In the most difficult cases, 
species identification is greatly hampered. 

The species occurrences in the studied samples 
are reported in Tab. 6. The most significant data are 
summarized below: 

- P. glomerosa sicana was recorded from sample 
SM25 to sample SM39. 

- P. glomerosa curva was first recognized in sam­
ple SM27 and its last occurrence is in sample SM36. 

- P. glomerosa glomerosa was found in samples 
SM37, SM38, SM39. 

- P. glomerosa circularis was recorded from sam­
ple SM38 to sample SM42. 

- In sample SM42 0. suturalis was first recorded. 
- 0. universa was found from sample SM45 up-

wards. 
- The first recognized occurrence of G. 

praemenardii is in sample SM49. 
- G. peripheroronda was sporadically detected in 

the sampled interval. 
It follows that the biostratigraphic units of the 

adopted zonal scheme are all recognizable in the sec­
tion up to the G. praemenardii - G. peripheroronda 
Subzone. 

It seems that a hiatus exists in the stratigraphic 
succession between sampling levels SM36 and SM37 
because P. glomerosa glomerosa first occurs in sample 
SM37 with highly evolved specimens close to the 
descendant subspecies (circularis) . P. glomerosa cir­
cularis was first recorded in the subsequent sample 
and the P. glomerosa glomerosa local range results as 
exceedingly short. 

THE TRAVE SECTION 

The stratigraphic succession being considered 
crops out on the cliff along the seashore South of 
Ancona (between the Town and Monte Conero; see 
Text-fig. 11). 

The sequence comprises, from North to South 

and in ascending stratigraphic order: 1) the Bisciaro, 
exposed on the southern outskirts of Ancona; 2) the 
Schlier; 3) Messinian plastic clays, which contains 
gypsum lenses, sand levels and arenaceous bodies, 
locally very thick («Trave» rock). The stratigraphic 
succession is not continuously exposed. It is affected 
by tectonic accidents and is locally covered by land­
slides. 

The section (Text-fig. 12) has been traced in the 
middle-upper part of the Schlier that crops out some 
hundreds of metres north of the «Trave» rock, near 
a fisherman's shack. It consists of a rhythmic alter­
nation of marls and calcareous marls. Dark, brown 
or black, shales with a moderate to high organic car­
bon content repeatedly intercalate in the succession 
(see Coccioni et al., 1992; Kruge et al., 1992; Bromley 
& D'Alessandro, 1992 for more details) . A thin 
biotite-rich bed (Livello Ancona, as nominated by 
Coccioni et al., 1992) occurs in the upper part of the 
sampled interval. According to Deino & Montanari 
( 1992), 40Ar / 39 Ar radiometric dating of biotite 
crystals yielded an age of 11,3 Ma BP. 
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Text-fig. 11 - Location of the Trave section {From the IGM Car­
ta d'Italia, scale 1:25.000, sheet 118 IV NO Anco­
na). 

Biostratigraphy. The washing residues of the sam­
pled marls contain abundant planktonic 
foraminifers. Microfossils are poorly to moderately 
preserved, always recrystallized. 

The occurrences of the identified species in the 
studied samples are shown in Tab. 7. The most 
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Text-fig. 12 - Lithological log of the Trave section and ranges of selected planktonic foraminiferal species. The lower limit of the Torto­
nian Stage has provisionally been taken as coincident with the first occurrence horizon of N acostaensis. 

meaningful biostratigraphic events are listed below. 
- The first occurrence of Paragloborotalia par­

timlabiata (that marks the lower limit of the 
Globigerinoides subquadratus Zone) is in sample 
TR19; 

- The first occurrence of Globigerina decoraperta 
is in sample TR32; 

- The first occurrence of typical specimens of 
Globigerina nepenthes is in sample TR38, im­
mediately below the biotite-rich bed, dated at 11,3 
MaBP. 

- The last occurrence of Globigerinoides 
subquadratus is in sample TR40; 

- Paragloborotalia mayeri was last recovered in 
sample TR43; 

- The first occurrence of Neogloboquadrina 

acostaensis (that marks the lower limit of the 
homonym zone) is in sample TR47. 

THE HYBLEAN PLATEAU 

Stratigraphical setting. The Hyblean Plateau, in 
south-eastern Sicily, is an upraised, weakly deformed 
block structurally pertaining to the African (or 
Adriatic) Foreland of the Central Mediterranean 
(Pelagian Block of Burollet et al., 1978). It is made up 
of an unfolded marine sedimentary succession - and 
associated volcanites - that spans from Mesozoic to 
Quaternary. However, the bulk of the outcropping 
rocks is Oligocene to Miocene in age (Grasso & Len­
tini, 1982; Pedley, 1981; Carbone et al., 1989 and 
references therein). 
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soec.ies: 
l .Globorotalia praemenardii X X X X 

2.G/obiRerina druryi X X X X X X X X X X X X X 

3.ParaJ?loborota/ia siak.ensis X X X X X X X X X X X X X X X X X 

4 .ParaJ?ioborota/ia mayeri X X X X X X X X X X X X X X X X X X X 

5.Globorota/ia cf menardii X X X X X X X X 

6.Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X 

7.Globigerina praebul/oides X X X X X X X X X X X X X X X X X X 

8 .Globigerina falconensis X X X 

9. T urborota/ita quinqueloba X X X X X X X X X X X X X X X 

10.G/obiJ?erinoides tri/obus X X X X X X X X X X X X X X X X X X X 

11 .GlobiJ?erine/la obesa X X X X X X X X X X X X X X X X X X 

12 .Orbulina universa X X X X X X X X X X X X X X X X X X X 

13 .Orbulina suturalis X X X X X X X X X X X X X X X X X X X 

14 .ParaJ?loborotalia conlinuosa X X X X X X X X X X X X X X X X X X 

15 .GlobiJ?erinila 1//uJinata X X X X X X X X X X X X X X X X 

16.G/oboauadrina dehiscens X X X X X X X X X X X 

17.GlobiJ?erinoosis aJ?uasavensis X X 

18.GlobiJ?erinoides subauadratus X X X X X X X X X X 

19.GlobiJ?erina woodi X X X X X 

20 .Globoauadrina altispira J?iobosa X 

21 .Globoauadrina a/tispira X X 

22.ParaJ?loborota/ia oartimlabiata X 

23 .GlobiJ?erina decoraperta 
24 .Clavatorel/a sturanii 
25 .GlobiJ?erina nepenlhes 
26 .GlobiJ?erinoides obliquus 
27.GlobiRerinoides bulloideus 
2 8 .Globorotaloides falconarae 
29 .Globorota/ia menardii 
30 .Globorota/ia scitula 
31 .Sphaeroidine/lopsis disjuncta 

32 NeoJ?/oboquadrina acostaensis 
33 .Globorotalia lenJ?uaensis 
34.Globigerina bulloides 

ZONE Globoquadrina altispira 

SUBZONE 
STAGE 

Tab. 7 - Occurrence of planktonic foraminifera in the samples of the Trave section. 
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In the western Hyblean sector the Miocene 
Series mainly consists of three lithostratigraphic 
units, as defined by Rigo & Barbieri (1959). They are: 

1) The Ragusa Formation formed by alternating 
marls and fine-grained limestones, sometimes cherty 
limestones, passing up to resedimented calcarenites 
with macrofossils. The age is late Oligocene - early 
Miocene. 

2) The Tellaro Formation made up of clays and 
marls, with intercalated alternations of limestones and 
marls, volcanoclastic lenses and huge bodies of sub­
marine basic lavas. The age is middle-late Miocene. 

3) The Palazzolo Formation that consists of 
calcarenites and calcareous marls, middle to late 
Miocene in age. 

The Palazzolo Fm. is partly heteropic of the 
Tellaro Fm .. 
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Text-fig. 13 · Location of the Case Pelacani section (From the 
IGM Carta d'Italia, scale 1:25.000, sheet 273 II SE 
Palazzolo Acreide). 

THE CASE PELACANI SECTION 

The section spans the upper part of the Tellaro 
Fm. that crops out in the upper Tellaro valley south 
of Palazzolo Acreide, that is to say in the type area 
of the Formation (see Rigo & Barbieri, 1959; Romeo 
& Sciuto, 1989). It was measured and sampled in the 
badlands near Case Pelacani (Text-fig. 13). The sam­
pled section (Text-fig. 15) roughly corresponds to 
the middle part of the Fiume Bianco section of 
Romeo & Sciuto (1989). 

Biostratigraphy. The clayey marls of the Tellaro 
Fm. yielded rich, very well-preserved fossil assem­
blages. Besides abundant planktonic and benthonic 
foraminifers, ostracods are quite common. Ben­
thonic foraminiferal assemblages (De Santis, 1993) 
and ostracods (Miculan, in progress) indicate 
deposition in an upper slope, well oxygenated en­
vironment. 

The most meaningful biostratigraphic data 
resulting from the study of planktonic foraminiferal 
assemblages are as follows (see Tab. 8): 

- P. partimlabiata is present in the lowermost 
sample; the species continues through the section up 
to sample CP7. 

- G. decoraperta first occurs in sample CP7. 
- G. nepenthes appears in sample CP13 along 

with the last specimens of G. druryi and G. 
subquadratus. The latter species disappears in sample 
CP14. 

- The last occurrence of P. mayeri was detected 
in sample CP22. 

- In the upper part of the P. mayeri range rare 
specimens of G. obliquus first occur. The species 
become common immediately above the level of the 
last occurrence of P. mayeri. 

- Globorotaloides falconarae is present from sam­
ple CP22 upwards. 

- Neogloboquadrina acostaensis first occurs in 
sample CP30. . 

It is noteworthy that the first occurrence of G. 
decoraperta and the last occurrence of P. par­
timlabiata have been recorded in the same sample 
(CP7). In other stratigraphic successions considered 
in the present work (M. Giammoia and Trave sec­
tions) P. partimlabiata disappears in the upper part of 
the G. decoraperta Subzone, in agreement with data 
from the literature (Salvatorini & Cita, 1979; lac-

Spiaggia Pietre Nere 

3 

0 1000m 

Text-fig. 14 - Location of the Pozzallo section (From the IGM 
Carta d'Italia, scale 1:25.000, sheet 276 II SE Poz­
zallo). 



320 P. MICULAN 

CASE PELACANI section 
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Text-fig. 15 - Lithological log of the Case Pelacani section and ranges of selected planktonic foraminiferal species. As in fig. 12 the lower 
limit of the Tortonian Stage has provisionally been taken as coincident with the first occurrence horizon of N. ~costaensis. 

carino, 1985; etc.). It follows that a great part of the 
two species concurrent range (lower G. decoraperta 
Subzone) probably lacks in the Case Pelacani section. 

TttE PozZALLO SECTION 

A short composite section was sampled in the 
lower part of the Tellaro Formation cropping out 
along the seashore near Pozzallo (Ragusa). The study 
area is represented in Text-fig. 14. 

Along the southern margin of the Hyblean 
plateau, the Tellaro Formation consists of whitish/ 
grey or cream microfossil-rich marls and calcareous 
marls. 

The presence in the microfossil assemblages of 
psycrospheric ostracods (sensu Benson, 1975), such 
as Agrenocythere hazelae van den Bold, Bythoceratina 
vandenboldi Ruggieri and Bythoceratina aviformis 
Ruggieri, indicates deep bathyal conditions (an 
ostracod fauna from the Tellaro Fm., approximately 
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Case Pelacani section 
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soecies: 
J.Globorotalia miozea X X 

2 .Paragloborotalia oartimlabiata X X X X X X X 

3 .GlobiJurinoides subquadratus X X X X X X X X X X X 

4.GlobiRerina drur;i X X X X X X X X X X 

5 .ParaJ1/oborotalia sialcensis X X X X X X X X X X X 

6.ParaJl/oborotalia mayeri X X X X X X X X X X X X X X X X X X 

7.Turborotalita quinqueloba X X X X X X X X X X X X X X X X X 

8.Globigerinoides trilobus X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

9 .Globigerinella obesa X X X X X X X X X X X X X X X X X X X X X X X X X X 

10.Orbulina suturalis X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

I I .Orbulina uni versa X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 

12 .ParaJ1/oborotalia continuosa X X X X X X X X X X X X X X X X X X X X X X X X 

I 3.Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X X 

14 .Globoquadrina altispira X X X X X X 

I 5 .Globi11erina praebulloides X X X X X X X X X X X X X X X X X 

I 6.Globoquadrina dehiscens X X X X X X X X 

17.Globigerinita glutinata X X X X X X X X X X X X X X X X X X X X X X X X 

I 8 .Globorotalia cf. menardii X X X X X X X X X X X X X X X X X X X X X 

19.G/obiRerinoosis aJ1uasayensis X X X X X X X 

20 .GlobiRerina woodi X X X X X X X X X X X X X X X 

2 I .GlobiRerina parabulloides X X X X X X X X X X X X X X X X 

22.Globigerinita uvula X X X X X X X 

23 .Clavatorella sturanii X 

2J .Globigerina decoraperla X X X X X X X X X X X X X X X X X X X X X X 

25.G/obigerina (oliata X X X 

26.Sphaeroidinelloosis disjuncla X X X X X 

27.GlobiRerina nepenthes X X X X X X X X X X X X X X X X 

28.Globi11erinoides bulloideus X X X X X X X X X X X X X X X 

29.Globigerinoides obliquus x• x• x· x• x• X X X X X X X X X 

30.Globorotalia scitula X X X 

31 .Globi11erina falconensis X X X X 

32.Globorotaloides falconarae X X X X X X X X X 

33.Globorotalia lenguaensis X X X X 

34 .Globi11erinoides boll ii X X 

35.Neogloboquadrina acostaensis cf cl X X X 

36.G/oborotalia menardii X 

37.Globoquadrina altispira globosa X 

ZONE Globigerinoides subquadratus G. nepenlhes - P. mayeri G/.des obliquus acoslaensis 

SURZONE P. partimlabiaJa decoraperta 

STAGE Serravallian Tortonian 
x' - the soecies is rare in the sample 

Tab. 8 - Occurrence of planktonic foraminifera in the samples of the Case Pelacani section. 

coeval with those of the studied samples was 
described by Ruggieri, 1960). 

Biostratigraphy. The washing residues yielded 
abundant, highly diversified, and well preserved 
foraminiferal assemblages. Besides foraminifers, 
ostracods are quite common. 

The planktonic foraminiferal occurrences in the 
investigated sections are shown in Tab. 9. The most 

noticeable data are summarized below. 
At the base of partial section 3 (see Text-fig. 16), 

P. glomerosa sicana, P. glomerosa curva, P. transitoria 
are present among the other species. 

P. glomerosa glomerosa ranges from sample PZ38 
upwards. 

In partial section 2 the lowermost samples 
yielded 0. suturalis, P. mayeri, P. siakensis, G. 
baroemoenensis, etc. 
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Text-fig. 16 - Lithological log of the Pozallo section and ranges of selected planktonic foraminiferal species. 

0. universa first occurs in sample PZ19. 
It follows that partial section 3 pertains to the P. 

glomerosa curva Subzone; the 0. universa Subzone 
lower boundary can be recognized in sample PZ19. 

THE MIOCENE STRATIGRAPHIC SUCCESSION OF 
M. GIAMMOIA 

Stratigraphical setting. The study area is located 
in southern-central Sicily, along the eastern margin 
of the so-called Caltanissetta Basin. 

The exposed lithological succession can be 
described as follows, from the bottom: 

1) multicoloured clays containing a chaotic mix­
ture of various dismembered lithotypes («argille 
scagliose variegate» Auctt.); blocks of white marls 

with cretaceous microfaunas are included (Romeo, 
1969). 

2) Grey clayey marls with regular intercalations 
of thin bedded, organic-rich, brown clays («marne a 
globigerine» Auctt.), Burdigalian to Early Messinian. 

3) Laminated diatomites and diatomaceous clays 
(«Tripoli»). 

4) Limestones («calcare di base»). 

M. GIAMMOIA SECTION 

The sedimentary succession exposed in the 
badlands on the southern slope of M. Giammoia is 
well known from studies by Romeo ( 1969), 
Colalongo et al. (1980), Zachariasse & Spaak (1983), 
Theodoridis (1984), Chamley et al. (1986), Van der 
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Pozzallo section 
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snecies: 
1.Globi11erinoides bisphericus X 

2 Praeorbulina sicana X X X X X X X X X 

3Praeorbulina 11/omerosa curva X X X X X X X X X X X X 

4Praeorbulina transitoria X X X X X X X X X X X 

5 .Globi11erina praebulloides X X X X X X X X X X X X X X X X X X X X X X X X X 

6 .Globi11erina druryi X X X X X X X X X X X X 

7.Globi11erinoides tri/obus X X X X X X X X X X X X X X X X X X X X X X X X X 

8 .G/obi11erinoides subquadratus X X X X X X X X X X X X X X 

9.Globorotalia praescitula X X X X X X X X X X X X X 

/0 .Globoquadrina dehiscens X X X X X X X X X X X X X X 

11.Globoquadrina lan;?hiana X X X X X X X X X X X X X 

12 .Globoquadrina baroemoenensis X X X X X X X X X X X X X X X X X X X X X X X X X 

13 .Globi11erinita glutinata X X X X X X X X X X X X X X 

14 .G/obigerinella obesa X X X X X X X X X X X X X X X X 

15 .Turborotalita cf. quinqueloba X X X X X X X X X 

16.Praeorbulina glomerosa glomerosa X X X X X X X 

17.Parag/oborotalia mayeri X X X X X X X X X X X X 

18 .Globoquadrina altispira X X X 

19 .Globigerinella praesiphonifera X X X X 

20.Paragloborotalia siakensis X X X X X X X X X X X 

21.Paragloborotalia continuosa X X X X X X X X 

22 .Globigerinita uvula X 

23.G/oborotalia peripheroronda X X X X X 

24 .Globorotalia archeomenardii X 

25 .Globi11erina woodi X X X 

26.Orbulina suJuralis X X X X X X X X X X .x 
27.Orbulina universa X X 

ZONE Praeorbulina 0. suJuralis • G. peripheroronda 

SUBZONE Praeorbulina glomerosa curva Orbulina suturalis un,versa 

STAGE Langhian Langhian Serrav. 

Tab. 9 · Occurrence of planktonic foraminifera in the samples of the Pozzallo section. 

Zwann & Gudjonson (1986). Two subsections have 
been measured and sampled (Text-figs. 17 and 18). 
The first (segment a-b) spans the lower part of the 
«marne a globigerine» immediately above the 
«argille scagliose variegate». The second (segment 
c-d) ranges from the base of the «calanco» up to a 
level some tens of metres above the path across the 
outcrop. 

Partial section a-b approximately corresponds to 
the interval of Romeo's (1969) Cenozona B and to 
the Giammoia 1 section of Theodoridis (1984). Par­
tial section c-d matches Theodoridis' Giammoia 2 
section and partially overlaps the lowermost part of 
the section studied by Colalongo et al. (1980). 

In the lower part of the stratigraphic succession 
being considered (segment c-d), immediately above 
sampling level MGB6, a thin volcanic ash layer oc­
curs. This layer, already described by Romeo (1969; 

see Carveni et al., 1982 for more details), yielded 
fresh crystals of biotite suitable for K-Ar radiometric 
dating (Odin et al., 1995). 

Biostratigraphy. The collected samples yielded 
rich, highly diversified, and very well-preserved 
planktonic foraminiferal assemblages. However, 
foraminiferal tests are often recrystallized and 
present calcite overgrowth inside the chambers. 

The species occurrences in the section are repor­
ted in Tab. l0a-l0b. The most meaningful data are 
summarized below. 

- In the basal part of the a-b interval the 
foraminiferal assemblages are characterised by P. 
glomerosa sicana, P. siakensis, P. mayeri, G. bisphericus. 

- P. glomerosa curva first occurs in sample 
MGA4. 

- In the c-d interval, the lowermost samples 
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Text-fig. 17 - Location of the M. Giammoia section (From the 
IGM Carta d'ltalia, scale 1:25.000, sheet 272 I SE 
Passo di Piazza). 

yielded 0. universa, G. peripheroronda, G. 
praemenardii among the other species. This 
association indicates the G. praemenardii - G. 
peripheroronda Subzone. 

- G. peripheroronda ranges up to sample MGB5. 
- P. partimlabiata was first recorded in sample 

MG6 with the last specimens of G. praemenardii. As 
a consequence the G. altispira Zone spans a very 
short interval between MGB5 level and the uncon­
formity immediately above level MGB7. 

- G. decoraperta first occurs in sample MG14. 
- The last occurrence of G. subquadratus is in 

sample MG18. 
- G. nepenthes first occurrence is in sample 

MG19. 
- The last occurrence of P. mayeri is in sample 

MG27. 
- The following sample contains N. acostaensis, 

G. menardii and specimens referred to as 
Pulleniatina cf. primalis. It results that the N. 
acostaensis Zone rests on the G. nepenthes - G. mayeri 
Zone. 

- Globigerinoides obliquus extremus first occurs 
in sample MG68. 

Summarising, the following points deserve 
special attention: 

1) There is a gap between interval a-b and inter­
val c-d. 

2) Two main lacunae are detectable in the 
stratigraphic succession represented by section c-d. 
The lowest one is marked in the outcrop by an un­
conformity, bracketed by levels MGB7 and MG6 
(see Text-fig. 18). It cancels most of the G. altispira 

Zone and the lower part of the P. partimlabiata 
Subzone. The highest hiatus has been recognized 
between levels MG27 and MG28. The missing inter­
val spans from the G. nepenthes - P. mayeri Zone to 
the N. acostaensis Zone. 

This stratigraphic interpretation is markedly 
discordant with those of Zachariasse & Spaak (1983), 
Theodoridis (1984) and Van der Zwann & Gudjon­
son (1986). In their opinion the M. Giammoia suc­
cession would be continuous from the lower 
Serravallian to the Messinian. As a matter of fact, 
Zachariasse & Spaak (1983, fig. 2) reported the first 
occurrence of P. partimlabiata immediately above 
the disappearance of G. peripheroronda, in good 
agreement with the results of the present study. Ac­
cording to the most qualified literature (Ruggieri & 
Sprovieri, 1970; Giannelli & Salvatorini, 1972 and 
1975; Salvatorini & Cita, 1979; laccarino & 
Salvatorini, 1982; Iaccarino, 1985; etc.) there is a 
significant time lag between the disappearance of G. 
peripheroronda and the first appearance of P. par­
timlabiata. This conclusion is supported by the 
results of the present research. As the two events are 
closely associated in the M. Giammoia section, we 
have to admit a hiatus in the succession. 

M. Giammoia section (interval a-b) 

- N "' ... .,., '<) r--

samples: < < < < < < < 
0 0 0 0 0 0 0 
::. ::. ::. ::. ::. ::. ::. 

species : 
l .GlobiRerinoides bisohericus X X X 

2 .Praeorbulina Rlomerosa sicana X X X X X X 

3 .Praeorbul ina transitoria X X X X X X 

4.Globoquadrina lanRhiana X X X X X X 

5 .Globorotalia oraescitula X X X X X X X 

6.GlobiRerinoides subquadratus X X X X X 

7.GlobiRerina druryi X X X 

8.Paraf,/loborotalia siakensis X X X X X X X 

9.Paraf,/loborotalia mayeri X X X X X X 

10.Globoquadrina baroemoenensis X X X X X X X 

11 .G/obiRerina praebul/oides X X X X X X X 

12 .G/obif,/erinoides tri/obus X X X X X X X 

13.G/obiRerinella obesa X X X X X 

14.Paraf,//oborotalia continuosa X X X X X X X 

15 .G/oboquadrina dehiscens X X X 

/6 .Globoquadrina a/tispira X 

17.Globif,/erinita Riutinata X X X X 

18.Praeorbulina glomerosa curva X X X 

ZONE Praeorbulina 

SURZONE sicana curva 

STAGE Lanahian 

Tab. 10a · Occurrence of planktonic foraminifera in 
the samples of the M. Giammoia section (in­
terval a-b). 
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M. GIAMMOIA section 
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Text-fig. 18 - Lithological log of the M. Giammoia section and ranges of selected planktonic foraminiferal species. 

The second stratigraphic gap had already been 
recognized by Romeo (1969). 

These considerations seriously undermine the 
stable isotope stratigraphy proposed by Van der 
Zwann & Gudjonson (1986, see also Chamley et al., 
1986) for the M. Giammoia section. The Dutch 
authors recognized a maximum 0180 value near the 
last occurrence of G. peripheroronda and interpreted 
it as recording the well-known mid-Miocene cooling 
episode (Savin et al., 1975; Shackleton & Kennett, 
1975; Savin et al., 1981; Miller et al., 1987; Miller et 
al., 1991; Woodruff & Savin, 1991; etc.). In my 
opinion, the sharp 0180 increase that takes place in 
the M2-M3 oxygen isotope Zones of Miller et al. 
(1991) is not recorded in the M. Giammoia sue-

cession because the corresponding interval is locally 
missing. The 0180 decrease that follows the 
Serravallian maximum in the Van der Zwann & 
Gudjonson's curve may tentatively be correlated 
with the lower part of oxygen isotope Zone M4 
(Miller et al., 1991). It is worth noting that Zone M4 
correlates with Blow's zones N12-N13. According 
to Salvatorini & Cita (1979) P. partimlabiata appears 
in zone N12. 

COMPARISON WITH OTHER MIOCENE PLANKTONIC 
FORAMINIFERAL ZONATION 

The biostratigraphic scheme adopted in the 
present work easily correlates with previous ones 



M. Giammoia section (interval c-d) 

samples: 0 1§ l~l~l~l§l~ l~l8 l6 l~l~l5l5l6l6l5la la ls \5l5l8ls \s \§ls ls ls lsls ls \a \a \a la la la \a la ls \s lBla lBla l~l~l§ l§l~l§ l§ l~l~ l8l8 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

species: 
l .Globoquadrina larmeui 
2 .Globoquadrina langhiana XI X 

3.G/oborotalia praescitula X I X 

4 .Globorotalia peripheroronda x 1x 1x 1x 1x 1x 

5.Globigerina drur)'_i x 1x 1x 1x 1x 1x1x 1x1x 1x 1x 1x 1x X I X I X x 1x1x 1x 1x 

6.Globoquadrina baroemoenensis X I X I X I X x 1x1x 1xix 1x 1x 1x X I X I X x 1x 1x1x 1x XI XI XI I X 

7.Globigerinoides trilobus X I X I X I X x 1x1x 1x1x 1x 1x 1x 1x 1x 1x 1x1x 1x x 1x 1x1x 1x x 1 x 1x 1 x 1 x 1x 1x1x 1 x XI XI XI XI XI XI XI XI X XI XI XI X x 1 x 1 x 1 x 1x 1 x 1x 1x 1x1x 1x 1x 

8.Globigerinella obesa XI XI XI X x 1x1x 1x1x 1x 1x 1x 1x X I X I X I X XI X XI XI XI XI XI X X I X X I X X I X X I X I X I X I X I X I X I XI X I X IX 

9.Orbulina universa x l x l x l x l x 1x1 x l x1x 1 x l x l x 1x 1x 1 • I x1x 1x 1 x 1x 1 x1x 1x 1x 1x 1x 1 x 1 x 1x 1x1x 1 x 1x 1x 1x 1 x 1 x 1 x 1x 1 x 1x 1x 1x 1x 1 XI XI x 1x 1x 1x 1x 1x 1 x 1 x1x 1x1 x 

10 .Orbulina suturalis x l x l x l x l x l xl x l XIX I XI XI XI XI XI XI XIX I XI XI XI x1x 1x 1x 1x 1x 1 • I XI XI XIX I x 1x 1x 1x 1 XI XI XI XI XI XI XI XI XI XI XI XI x 1x 1x 1x 1x 1 XI x1x 1x 

11.Paragloborotalia conlinuosa X I X I X x 1x 1x1x 1x 1x 1x 1x XI X x 1x 1x 1x1x 1x x 1x 1x 1x 1x 1x 1x x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x1x 1x 1x 

12 .Globigerina f alconensis X I X I X X I I X 

l 3. T urborotalita quinqueloba X I X X I X I X XI X X I X XI x 1x 1x x 1 x 1x 1 x 1x 1x 1x 1x 1 x 1x 1x 1x 1x1x 

14.Globigerinella praesiphonifera 

15 .Globorotalia praemenardii X I X 

16 .Globoquadrina altispira X I X I X I X 

17.Globprina praebulloides X I X X I X X I X I X XI XI XI XI X XI XI XI 1x1x 1x X I X I I X X ) X I X X I X I X X I X XI X 

18 .Globigerinita gluiinata X I X X I X X I X I X I X XI XI XI XI X x1x 1x 1x 1 1x1x 1x XI XI I X X I X I X Xi XI X I X I X x 1x 1x 1x 1 1x 1x 1x 1x 1x x 1x 1x 1x 1x 1x1x 1x 

19 .Globigerina foliata 
20.Globprina woodi X I I X I X X I X X I X I X I X XI XI XI X x 1x 1 x 1 1x 1x 1x 1x x 1x 1x 1x 1 1xix 1x 

21 .Globi_g_erinita uvula X I X X I X X I X I X XI XI XI XI X XI X XI X 

22 .Globorotalia miozea 

123 Glob~quadrina dehiscens I i I I x I x I I x I I I I x I I x I I I x I I I I I x I I x I I I I I I I I I I I x I x I I x I I I I I I I I I I I I I I I I I I I I I 
24 .Glob,gennoides obltquus cf I et XI XIX I XI XI XI XI XI XI X XI X x 1x 1x 1x 1x 1x 1x 1x 1x 1 x 1x 1x1x 1x 1x 

25.Globigerinoides subquadratus XI x 1x 1 x 1x 1x 1 x XI X 

26.Paragloborotalia siakensis XI XI XI XI XIX I XI X X I X XI X 

27.Paragloborotalia mayeri X I X I X XI XI X x1x 1x 1x 1x 1x XI X X I X XI X 

28.Paragloborotalia partimlabiata X I X I X I X x 1x 1 x 1 x1x 1 x XI X 

29.Globorotalia cf menardii X I X X I X 

30.Globigerinopsis aguasayensis XI XI XI X X I X I X I X 

31 .Globorotalia scitula X I X I X XI XI X x 1x 1x1x 1x 1x 

32 .Globigerina decoraperta XI XI X x 1x 1 x 1x 1x 1 x l x 1x1x 1 x 1x 1x 1x 1 x l x l x 1x 1x 1 x x 1x 1x 1x 1x 1 x l x 1x 1 x 1x 1 x 1x1x 1x 1x 

33.C/avatorella sturanii X I X 

34 .Globigerina nepenlhes X I X I X I X x 1x 1x 1x1x 1x x 1x 1x 1x 1x 1x 1x XI XI XI XI XI XI X x 1x 1x 1x1x 

ZONE sUl.-peripheror. I all. Globigerinoid.es subquadratus nepenlhes - mayeri Neog/oboquadrina acostaensis eztrem. 

SUBZONE praemenardii P . partimlabiata d.ecoraperta 

STAGE Serravallian Tortonian 

Tab. 106 - Occurrence of planktonic foraminifera in the samples of the M. Giammoia section (interval c-d). 
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M. Giammoia section (interval c-d) (continued) 

samples: ~1~1i li li lil~ lil~ l~l; l~l~l~l~l~l~ l~l~l~l~l~ l~l~l~l~l~l~l~l~l~ l; l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~ l~I~ 
si>_ecies: 
35 .G/obigerina parabul/oides x Jx 1x 1x 1 w: 1x 

36.G/oborota/oides 13/conarae •l• l • l • l • l • l • l • l • l • l • I • • I • l • l • l • l • l • I • l • l • l • l •I• 

37.Globi_g_erinoides bul/oideus x I x • l • I • • l • l • l • I • I • x I x x r x 

38.G/oborotalia menardii • I x 

39 Neogloquadrina acostaensis • I x • I • I • I • l • I • I • I • • l • I • I • l • l • I • I •I • I • l • l •l• l • I x 

40.Pulleniatina cf. primal is 

41 .Globigerina bulloides • l • l • l • l • l • l • I • • l • I • l • l • I • l • I •l• l • I • 
42 .Sphaeroidinellopsis disjuncta 

43.Globorotalia /enguaensis • I• x I x 

44 .G/obigerinoides boll ii 
45 .Globigerinella siphonifera • I • l • l • I • l • I • x 1x 1x 1x1x 1x 

46.Neogloboquadrina praehwnerosa 

47 .G/obigerinoides ruber • 
48.Globorotalia merotwnida 

49.Globigerina apertura cl cl 

50.Candeina praenitida 

51 .Globigerinoides seigliei 

52 .G/obigerinoides obliquus extremus 

53 .Globigerinoides fragilis 

• ---t-• 
I I I I • I • I • 

cl 

ZONE lsui. -peripheror. I alt. Globigerinoides subquadratu.s ,upenlh€s - mayeri Neogloboquadrina acostaen.sis exlrem. 

SUBZONE I praemenartiii P. partimlabiata decoraperta 

STAGE Serravallian Tortonian 

Tab. 106 - Occurrence of planktonic foraminifera in the samples of the M. Giammoia section (interval c-d). 
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proposed for the Mediterranean region (Iaccarino & 
Salvatorini, 1982; laccarino, 1985; Borsetti et al., 
1979; Bizon, 1979; etc.) from which it substantially 
derives (see Tab. 1). In particular, it is very similar to 
that of laccarino & Salvatorini (1982) reproposed by 
laccarino (1985) without significant changes for the 
interval considered in the present research. 

The planktonic foraminiferal zonation here em­
ployed differs from that of Iaccarino & Salvatorini 
in the points listed below. 

1) The P. glomerosa s.1. Zone of laccarino & 
Salvatorini (herein renamed Praeorbulina Zone) is 
subdivided into three subzones instead of two; 
following a firmly established biostratigraphical 
tradition (Bolli, 1966; Bolli & Saunders, 1985; Stain­
forth et al., 1975; Bizon, 1979; Borsetti et al., 1979 
among others) the first appearance of P. glomerosa 
curva is here recognized as a meaningful, easy 
correlatable, time-significant event and is used to 
mark the lower boundary of the homonym 
Subzone. laccarino & Salvatorini (op. cit.) maintain 
that P. glomerosa curva Blow is a junior synonym of 
Globigerinoides sicana De Stefani; I do not share this 
opinion (see Taxonomic Notes for more details). 

2) The Globorotalia siakensis Zone of laccarino & 
Salvatorini, which ranges over an exceedingly long 
stratigraphic interval, has been split up into three 
distinct zones: these roughly correspond to the 
subzones of the cited authors. 

3) The Globigerinoides subquadratus Zone, as 
considered in the present paper, ranges up to the 
biohorizon of the evolutionary appearance of G. 
nepenthes (from G. druryi) and differs from the 
homonym Subzone of laccarino & Salvatorini that 
spans up to the biohorizon of disappearance of 
Globigerinoides subquadratus [ = G. ruber sensu Bolli 
& Saunders, 1985; nee G. ruber (d'Orbigny)]. Accor­
ding to my data the G. subquadratus last occurrence 
slightly follows the first appearance of G. nepenthes. 
I have chosen the second event to mark the 
biostratigraphic boundary because I believe that an 
evolutionary event can be taken as synchronous 

over long distances more confidently than a taxon 
disappearance. Hence it must be preferred for 
correlation tasks. 

4) The G. subquadratus Zone is subdivided into 
two subzones bounded by the horizon of the first 
appearance of G. decoraperta. 

5) The Globorotalia menardii Zone, as defined 
by Bolli (1966) and employed by Iaccarino & 
Salvatorini, has been renamed Globigerinoides 
obliquus Zone for two reasons: a) typical specimens 
of G. menardii do not seem to be present in this in­
terval; they occur in upper levels; b) the 
stratigraphic record of the G. menardii is rather 
discontinuous in the Mediterranean; on the con­
trary, G. obliquus is always common throughout the 
zone. The G. obliquus Zone, as here understood, 
slightly differs from the G. obliquus Zone of Borsetti 
et al. (1979) whose lower boundary is marked by the 
first common occurrence of G. obliquus (not first oc­
currence as previously reported). As Martinotti 
( 1990) pointed out, the massive increase of G. 
obliquus that stratigraphically occurs above the 
disappearance of G. subquadratus and below the last 
occurrence of P. mayeri is an important, easily detec­
table event in the Mediterranean area. The abrupt 
«explosion» of the species was clearly triggered and 
controlled by ecological factors, hence must be con­
sidered with caution for time-correlation. However, 
this event seems to be consistently synchronous in 
the entire Mediterranean and useful for local 
correlation. 

Correlation of the present scheme with other 
reference foraminif eral zonations, like those of Blow 
( 1969), Bolli ( 1966 ), Bolli & Saunders ( 1985), 
developed for tropical regions, presents several 
problems. In particular, correlation is easy and 
precise in the Langhian and lower Serravallian 
(Praeorbulina and 0. suturalis - G. peripheroronda 
Zones of the present work; zones N8 and N9 of 
Blow's zonal scheme). It turns difficult in the middle 
Serravalli an ( G. altispira and G. subquadratus Zones; 
Blow's zones Nl0 to N13). In the upper Serravallian 

EXPLANATION OF PLATE 1 

Figs. 1-2 
Figs. 3-5 
Fig. 6 
Fig. 7 
Fig. 8 
Figs. 9-11 

Fig. 12 
Fig. 13 

Praeorbulina glomerosa sicana (De Stefani). Side view of two different specimens, M. Giammoia, sample MGAl, X90. 
Praeorbulina glomerosa curva (Blow). Pozzallo, sample PZ41. 3) Side view, X90. 4) Side view, X90. 5) Spiral view, X90. 
Praeorbulina glomerosa glomerosa (Blow). Pozzallo, sample PZ41, spiral view, X90. 
Praeorbulina glomerosa circularis (Blow). S. Maroto, sample SMAR38, spiral view, X90. 
Orbulina universa d'Orbigny. M. Giammoia, sample MG34, X90. 
Globorotalia peripheroronda Blow & Banner. M. Giammoia, sample MGBl. 9) Spiral view, X120. 10) Side view, X120. 11) 
Umbilical view, X120. 
Globigerina decoraperta Takayanagi & Saito. M. Giammoia, sample MG34, umbilical view, X120. 
Globigerina praebulloides Blow. Topotype of «Globigerina bollii» Cita & Gelati. Cessole, sample CS45, umbilical view, X90. 

(SEM-photos by P. Ferrien) 
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- lower Tortonian the first evolutionary appearances 
of G. nepenthes and N. acostaensis mark biohorizons 
which are easily recognizable both in the 
Mediterranean and in the tropical-subtropical 
regions. They can be assumed synchronous 
throughout. 

This situation reflects vanauons in the spatial 
distribution of the planktonic bioprovinces caused 
by global climatic changes (Cifelli, 1976; Sancetta, 
1978; Haq, 1980; Thunell & Belyea, 1982; Kennett et 
al., 1985; Wright & Thunell, 1988; etc.). As a con­
sequence of the contraction of the tropical­
subtropical biogeographic province due to the 
steepening of latitudinal temperature gradients, im­
portant planktonic foraminiferal lineages ( e.g. the G. 
peripheroronda - Globorotalia fohsi lineage) disap­
peared from the middle latitudes during the 
Serravallian (Bolli, 1964; Cita, 1976; Martinotti, 
1981; etc.). The Mediterranean last occurrence of G. 
peripheroronda approximately marks the inception 
of a climatic cooling trend (Savin et al., 1975; 
Shackleton & Kennett, 1975; Demarcq, 1984; Sue, 
1986; Miller et al., 1987; etc.) and progressive 
isolation of the Mediterranean basin from the world 
ocean (According to Steininger & Rogl, 1984, 
marine connections between the present-day 
Mediterranean area and the Indo-Pacific Ocean 
ceased to exist in the early Serravallian.). Since that 
time, a high proportion of the species employed for 
the low latitude zonal schemes are restricted to 
tropical water masses. 

Correlation of the last Mediterranean occurrence 
of G. peripheroronda with that of low latitudes is 
rather doubtful. I agree with Martinotti (1981) in 
considering that G. peripheroronda disappears in the 
Mediterranean before its complete extinction in the 
oceans and immediately before the first appearance 
of G. peripheroacuta (that marks the N9/N10 boun­
dary in Blow's (1969) zonal scheme). 

As for the upper St>"ravallian biostratigraphy, 
the position of the last appearance horizon of P. 
mayeri is still open to question. Whether the species 
disappears before, in coincidence with or after the 

first appearance of N. acostaensis is a matter of 
debate. In passing, I note that the range of mor­
phologic variation of P. mayeri and its relationship 
with closely related taxa, such as P. siakensis, are also 
debated (for example, see Bolli & Saunders, 1982; 
Iaccarino, 1985; etc.). My opinion is that a 
stratigraphic interval without P. mayeri does exist in 
the Mediterranean successions below the first ap­
pearance of N. acostaensis. In this interval P. mayeri is 
absent throughout or, at least, exceedingly rare. 
Therefore, the last occurrence of the species (maybe 
the last common occurrence) before the appearance 
of N. acostaensis marks a useful biohorizon, suitable 
for correlation in the Mediterranean area. However, 
it seems hazardous to draw the biohorizon as world­
wide synchronous; in other words, the oceanic and 
Mediterranean records are not precisely the same 
and both have to be independently evaluated. 

In conclusion, I note that the planktonic 
foraminiferal zonal scheme employed in the present 
study proved useful in correlating different 
significant stratigraphic successions. The achieved 
resolution is very good in the interval between the 
FAD (First Appearance Datum) of P. glomerosa 
sicana and the FAD of 0. universa. Some more work 
is needed in the lower-middle Serravallian ( G. 
altispira Zone), a time span unfavourable to the 
development of widespread time-significant 
correlation biohorizon. In this time interval, an 
event deserves special attention as potenti;lly useful 
for correlation: the first appearance of the species 
here referred to as Globorotalia cf. menardii (see 
Taxonomic notes). This promising event has to be 
tested in suitable stratigraphic successions before 
complete validation. 

CONCLUSIONS 

The planktonic foraminiferal biostratigraphy of 
the historical Langhian and Serravallian stratotypes 
has been revised. The stratotypes have been corn-

EXPLANATION OF PLATE 2 

Figs. 1-5 

Figs. 6-7 

Paragloborotalia partimlalnata (Ruggieri & Sprovieri). M. Giammoia, sample MGl0. 1) Umbilical view, X120. 2) Umbilical 
view, X120. 3) Oblique view, X120. 4) Spiral view, X120. 5) Detail of the specimen of fig. 4, penultimate chamber, X600. 
Globorotalia praemenardii Cushman & Stainforth. M. Giammoia, sample MGBl. 6) Umbilical view, X60. 7) Spiral view, 
X60. 

Figs. 8-9 Globorotalia cf. menardii (Parker, Jones & Brady). Case Pelacani, sample CP27. 8) spiral view, X90. 9) Umbilical view, X90. 
Figs. 10-13 - Sphaeroidinellopsis disjuncta (Finlay). Case Pelacani, sample CP33. 10) Spiral view, X90. 11) Detail of the specimen of fig. 10, 

X3300. 12) Umbilical view, X90. 13) Umbilical view, X90. 
(SEM-photos by P. Ferrieri) 
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pared with five middle Miocene marine successions 
from different Italian areas. 

The main results of the biostratigraphical study 
of the stratotypes are as follows: 

- In the Bricco del Moro section (lower part of 
the historical Langhian stratotype - Cita & Premoli 
Silva, 1960a) the lower limit of the Cessole For­
mation («marne a pteropodi» Auctt.) is around sixty 
metres above the first occurrence of Praeorbulina 
glomerosa sicana. This lithostratigraphic boundary 
(Cortemilia/Cessole boundary) was assumed as the 
lower limit of the Langhian stratotype. Taking into 
account the high sedimentation rate of the Cor­
temilia Fm. (mainly turbidite sandstones) it seems 
that the first occurrence horizon of P. glomerosa 
sicana approximates the base of the historical 
Langhian stratotype rather well. No other 
planktonic foraminiferal event useful for correlation 
has been recognized in the Bricco del Moro section. 

- In the Cessole section, the upper limit of the 
Cessole Formation (upper boundary of the 
historical Langhian stratotype) is close to the first 
occurrence horizon of Orbulina universa. 

- In the Serravalle section the lower limit of the 
Serravalle Sandstone (lower boundary of the 
Serravallian stratotype proposed by Vervloet, 1966) 
is around 45 metres above the first occurrence 
horizon of 0. universa. The immediate philetic 
predecessor of 0. universa (0. suturalis) is common 
in the beds below the first occurrence of the species. 

The evolutionary appearance of 0. universa 
seems to be the most reliable planktonic foraminiferal 
event for correlating the lower boundary of the 
Serravallian stratotype, as historically fixed. 

TAXONOMIC NOTES 

Globigerina bollii Cita & Premoli Silva, 1960 (Pl. 1, 
fig. 13) 

1960 Globigerina bollii O T A & PREMOLI SILVA, pp. 119-126, Tav. 1. 

Cita & Premoli Silva (19606) described 
Globigerina bollii on the basis of material from the 
Langhian stratotype (Bricco della Croce section). 
Studying the Cessole section, I found numerous 
specimens referable to this taxon. They are charac­
terized by the shape, dimensions and ornamentation 
of the last chamber. This is always smaller than the 
penultimate one and is more finely pitted than the 
remaining part of the test. In my opinion, the men­
tioned characters are not species specific and the 
small last chamber of G. bollii is anomalous (kum­
merform sensu Berger, 1969), probably developed 
during gametogenesis (see Hemleben et al., 1989). G. 

bollii is disregarded as a valid species and is con­
sidered as a junior synonym of Globigerina 
praebulloides Blow. It is worth noting that typical in­
dividuals of Blow's species always co-occur with the 
G. bollii morphotypes. 

Globigerinoides trilobus Reuss, 1850 
Globigerinoides quadrilobatus Auctt. (nee 

Globigerina quadrilobata d'Orbigny) 
Globigerinoides sacculifer (Brady, 1877) 
The specimens commonly referred to these taxa 

are all regarded here as phenotypic variations of a 
single species (Hemleben et al., 1987), which is 
named G. trilobus. Reuss' name has priority over 
that of Brady. 

I share the opinion that the lectotype of 
Globigerina quadrilobata d'Orbigny, 1846 selected by 
Banner & Blow (1960) does not represent the species 
erected by d'Orbigny, which is a true Globigerina 
(Todd, 1961; Bandy, 1964; etc.), and it is not valid. 

Praeorbulina glomerosa (Blow) sicana (De Stefani, 
1952) (Pl. 1, figs. 1-2) 

Praeorbulina glomerosa (Blow) curva (Blow, 1956) 
(Pl. 1, figs. 3-5) 

According to Iaccarino & Salvatorini (1982) P. 
glomerosa curva (Blow) is a junior synonym of 
Globigerinoides sicana De Stefani. As a matter of fact 
the holotypes of the taxa are clearly div~rse (see 
Jenkins et al., 1981 ); P. glomerosa sicana and P. 
glomerosa curva are two morphologically distinct 
and successive stages of the Praeorbulina lineage 
which are of great biostratigraphic utility. In my 
opinion, they have not to be lumped together. 

Globorotalia cf. menardii (Pl. 2, figs. 8-9) 
The specimens here referred to as G. cf. menardii 

have intermediate morphology between Globo­
rotalia praemenardii Cushman & Stainforth and 
Globorotalia menardii (Parker, Jones & Brady). They 
differ from the individuals of the first species in 
possessing limbate intercameral sutures on the spiral 
side. They are distinguished from G. menardii 
specimens in the test morphology; in spiral view, the 
chambers are more elongated and less rounded than 
in typical specimens of G. menardii. 

Globorotalia ex gr. cultrata sensu Cita et al., 
(1978) is referred to the present form. 

Globorotalia cf. menardii is potentially a useful 
biostratigraphic index for the middle-upper 
Serravallian. Its stratigraphic range has to be 
carefully checked. It seems that it appeared in the 
lower Serravallian (Blow's zone N11 according to 
Cita et al., 1978). 
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Orbulina bilobata (d'Orbigny) 
Following Stainforth et al., (1975) and Hemleben 

et al. (1989) I include the bilobate form within Or· 
bulina universa. 

ACKNOWLEDGEMENTS 

I would like to thank: profs. M. L. Colalongo and S. Sartoni 
(Bologna University) for their advice and support during the 
course of this work (and for their patience); prof. R. Barbieri 
(Bologna University) for critically reading the typescript; prof. 
G. Ruggieri (Palermo University) for information on the 
Pozzallo section; prof. I. Premoli Silva (Milano University) for 
providing unpublished data about the Bricco de! Moro section; 
drs. F. Pontoni (Iesi) and P. Sandroni (Ancona) for information 
on the Trave section; P. Ferrieri (Bologna University) for the 
SEM micrographs. 

TAXONOMIC REFERENCES 

The planktonic foraminiferal species recognized in this work 
are listed below. The genera are arranged in systematic order, 
following Loeblich & Tappan (1988). The original publications 
are given for all the identified taxa. In square brackets are referen· 
ces to specimens here illustrated. 
Globigerina bulloides d'Orbigny, 1826 • d'Orbigny, 1826, Ann. 

Sci. Nat. Paris, ser. 1, 7, p. 277; Banner & Blow, 1960, Contr. 
Cushman Found. Foram. Res., 11 (1), pp. 3·4, pl. 1, figs. 1, 
4 (lectotype ). 

Globigerina praebulloides Blow, 1959 • Blow, 1959, Bull. Amer. 
Pal., 39 (178), pp. 180·181, pl. 8, fig. 47a-c; pl. 9, fig. 48. [Pl. 
1, fig. 13]. 

Globigerina parabulloides Blow, 1959 • Blow, 1959, Bull. Amer. 
Pal., 39 (178), pp. 179•180, pl. 10, figs. 46a·c. 

Globigerina foliata Bolli, 1957 · Bolli, 1957, U.S. Nat. Mus. Bull., 
215, p. 111, pl. 24, figs . la·c. 

Globigerina falconensis Blow, 1959 · Blow, 1959, Bull. Amer. Pal., 
39 (178), p. 177, pl. 9, figs. 40·41. 

Globigerina woodi Jenkins, 1960 • Jenkins, 1960, Micropaleon• 
tology, 6 (4), p. 352, pl. 2, fig. 2a•c. 

Globigerina apertura Cushman, 1918 • Cushman, 1918, U.S. 
Geol. Surv. Bull., 676, p. 57, pl. 12, figs. 8a·c. 

Globigerina druryi Akers, 1955 • Akers, 1955, J. Paleont., 29 (4), 
p. 654, pl. 65, fig. la•c. 

Globigerina nepenthes Todd, 1957 • Todd, 1957, U.S. Geol. Surv. 
Prof. Paper, n. 280·H, p. 301, pl. 78, figs. 7a•b. 

Globigerina decoraperta Takayanagi & Saito, 1962 • Takayanagi & 
Saito, 1962, Sci. Rep. Tohoku Univ., ser. 2 (geol.), Spee. Vol. 
5, p. 85, pl. 28, figs. l0a·c (Globigerina druryi decoraperta). 
[Pl. 1, fig. 12]. 

Globigerinella obesa (Bolli, 1957), U.S. Nat. Mus. Bull., 215, p. 
119, pl. 29, figs. 2·3 ( Globorotalia). 

Globigerinella praesiphonifera (Blow, 1969) • Blow, 1969, in Bron• 
nimann & Renz, Proceedings of the First International Con· 
ference on Planktonic Microfossils, vol. 1, p. 408, pl. 54, 
figs. 7•9. 

Globigerinella siphonifera (d'Orbigny, 1926) • d'Orbigny, 1826, 
Ann. Sci. Nat. Paris, ser. 1, 7, p. 278; Banner & Blow, 1960, 
Contr. Cushman Found. Foram. Res., 11 (1), pp. 3·4, pl. 1, 
figs. 1, 4 (lectotype). 

Globigerinoides ruber (d'Orbigny, 1839) · d'Orbigny, 1839, in De 
la Sagra, Histoire physique, politique et naturelle de l'Ile de 
Cuba, 8, p. 82, pl. 4, figs. 12·14 (Globigerina); Banner & 
Blow, 1960, Contr. Cushman Found. Foram. Res., 11 (1), 
pp. 19·21, pl. 3, figs. Sa, b (lectotype). 

Globigerinoides seigliei Bermudez & Bolli, 1969 • Bermudez & 
Bolli, 1969, Bo!. Geologia (Venezuela), 10 (20), pp. 164·165, 
pl. 8, figs. 10· 12 ( Globigerinoides ruber seigliei). 

Globigerinoides subquadratus Bronnimann, 1954 • Bronnimann, 
1954, in Todd, Cloud, Low & Schmidt, Amer. Journ. Scien­
ce, 252 (11), pp. 680·681, pl. 1, figs. 8a•c and fig. 5. 

Globigerinoides fragilis Borsetti & Cati, 1972 · Borsetti & Cati, 
1972, Giorn. Geol., ser. 2, 38 (2), pp. 695·697, pl. 79, figs. 
1•5a, 6, pl. 80 figs. 1·3. 

Globigerinoides obliquus Bolli, 1957 • Bolli, 1957, U.S. Nat. Mus. 
Bull., 215, p. 113, pl. 25, figs. l0a•c, text•fig. 21 n. 5. 

Globigerinoides obliquus Bolli extremus Bolli & Bermudez, 1965 • 
Bolli & Bermudez, 1965, Bo!. Infor. Asoc. Venez. Geol. 
Miner. Petr., 8 (5), p. 139, pl. 1, figs. 10·12. 

Globigerinoides bulloideus Crescenti, 1966 • Crescenti, 1966, Geol. 
Rom., 5, p. 43, text.fig. 8 (3·3a) and 9. 

Globigerinoides trilobus (Reuss, 1850) · Reuss, 1850, K. Akad. 
Wiss. Wien, 1, p. 374, pl. 47, figs. lla·d (Globigerina triloba). 

Globigerinoides bisphericus Todd, 1954 · Todd, 1954 in Todd, 
Cloud, Low & Schmidt, Amer. Journ. Science, 252 (11), pp. 
681·682, pl. 1, fig. la•c. 

Globigerinoides bollii Blow, 1959 · Blow, 1959, Bull. Amer. Pal., 
39 (178), pp. 189•191, pl. 10, figs. 65a·c. 

Sphaeroidinellopsis disjuncta (Finlay, 1940) · Finlay, 1940, Trans. 
Proc. Roy. Soc. New Zealand, 69 (4), p. 467, pl. 67, figs. 
224.228. [Pl. 2, figs. 10·13]. 

Turborotalita quinqueloba (N atland, 1938) • N atland, 1938, 
California Univ. Inst. Oceanogr. Bull. Tech. Ser., 4 (5), p. 
149, pl. 6, fig. 7a•c (Globigerina). 

Orbulina universa d'Orbigny, 1839 • d'Orbigny, 1839, in De la 
Sagra, Histoire physique, politique et naturelle de l'Ile de 
Cuba, 8, p. 2, pl. 1, fig. 1; Blow, 1956, Micropaleontology, 2 
(1), p. 66, pl. 2, figs. 8·9. [Pl. 1, fig. 8) 

Orbulina suturalis Bronnimann, 1951 • Bronnimann, 1951, Con• 
tr. Cushman Found. Foram. Res., 2 (4), p. 135, fig. 2, n. 1·2, 
5.s, 10; fig. 3, n. 3·8, 11, 13·16, 18, 20.22; fig. 4, n. 2·4, 7.12, 
15·16, 19·22. 

Praeorbulina glomerosa (Blow) glomerosa (Blow, 1956) • Blow, 
1956, Micropaleontology, 2 (1) p. 65, pl. 1, fig. 15•19, Pl. 2, 
fig. 1·2 (Globigerinoides). [Pl. 1, fig. 6) 

Praeorbulina glomerosa (Blow) curva (Blow, 1956) . Blow, 1956, 
Micropaleontology, 2 (1), pp. 64·65, pl. 1, figs. 9.14 
( Globigerinoides). [Pl. 1, figs. 3•5] 

Praeorbulina glomerosa (Blow) circularis (Blow, 1956) • Blow, 
1956, Micropaleontology, 2 (1), p. 65, pl. 2, figs. 3.4 
(Globigerinoides). [Pl. 1, fig. 7) 

Praeorbulina glomerosa (Blow) sicana (De Stefani, 1952) • De 
Stefani, 1952, Plinia, 3 p. 9 (Globigerinoides sicana); Blow, 
1969, pl. 3, figs. 10·11 (G. sicanus); Jenkins et al., 1981, Journ. 
Foram. Res., 11 (4), p. 264, pl. 1, figs. 2a·c. [Pt. 1, figs. 1·2) 

Praeorbulina transitoria (Blow, 1956) • Blow, 1956, Micropaleon· 
tology, 2 (1), pp. 65·66, pl. 2, figs. 12·15 (Globigerinoides). 

Globorotalia merotumida Blow & Banner, 1965. Banner & Blow, 
1965, Nature, 207 (5004), pp. 1352·1353, fig. 1. 

Globorotalia peripheroronda Blow & Banner, 1966 . Blow & Ban• 
ner, 1966, Micropaleontology, 12 (3), p. 294, pl. 1, figs. la•c, 
pl. 2, figs. 1·3. [Pl. 1, figs. 9•11) 

Globorotalia praescitula Blow, 1959 • Blow, 1959, Bull. Amer. 
Pal., 39 (178), p. 221, pl. 19, figs. 128a•c (G. scitula 
praescitula ). 

Globorotalia scitula (Brady, 1882) · Brady, 1882, Roy. Soc. Edin• 
burgh, Proc. II (III) pp. 716•717, (Pulvinulina); Brady, 1882, 
Rep. Voy. Challenger, Zoo!., pl. 103, figs. 7a•c; Banner & 
Blow, 1960, Contr. Cushman Found. Foram. Res., 11 (1), p. 
27), pl. 5, fig. 5 (lectotype). 

Globorotalia miozea Finlay, 1939 • Finlay, 1939, Trans. Roy. Soc. 
New. Zealand, 69 (3), p. 326, figs. 159•161. 
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Globorotalia archeomenardii Bolli, 1957 - Bolli, 1957, U.S. Nat. 
Mus. Bull., 215, pp. 119-120, pl. 28, figs. lla-c. 

Globorotalia praemenardii Cushman & Stainforth, 1945 - Cush­
man & Stainforth, 1945, Contr. Cushman Found. Foram. 
Res., sp. pub!. 14, p. 70, pl. 13 figs. 14a-c. [Pl. 2, figs. 6-7] 

Globorotalia menardii (Parker, Jones & Brady, 1865) - Parker, 
Jones & Brady, 1865, Ann. Mag. Nat. Hist., London, ser. 3, 
16, pp. 20, pl. 3, fig. 81 (Rotalia); Stainforth, Lamb & Jef­
fords, 1978, Bull. Zoo!. Nomenclature, 34, pp. 252-262 
(Neotype). 

Globorotalia lenguaensis Bolli, 1957 - Bolli, 1957, U.S. Nat. Mus. 
Bull., 215, p. 120-121, pl. 29, fig. 5a-c. 

Clavatorella sturanii (Giannelli & Salvatorini, 1976)- Giannelli & 
Salvatorini, 1976, Boll. Soc. Paleont. It., 15 (2), pp. 168-170, 
pl. 1, figs. 1-4 (Globorotalia). 

Neogloboquadrina acostaensis (Blow, 1959) - Blow, 1959, Bull. 
Amer. Pal., 39 (178), pp. 208-210, pl. 17, figs. 106a-c, 107 
( Globorotalia ). 

Neogloboquadrina praehumerosa (Natori, 1976) - Natori, 1976, in 
Takayanagi & Saito, Progress in Micropaleontology, 
Micropaleontology Press, p. 227, pl. 2, figs. la-c, 3a-c 
( Globorotalia humerosa praehumerosa). 

Paragloborotalia continuosa (Blow, 1959) - Blow, 1959, Bull. 
Amer. Pal., 39 (178), p. 218, pl. 19, figs. 125a-c (Globorotalia). 

Paragloborotalia mayeri (Cushman & Ellisor, 1939)- Cushman & 
Ellisor, 1939, Contr. Cushman Lab. For. Res., 15 (1), p. 11, 
pl. 2, figs. 4a-c (Globorotalia); Bolli & Saunders, 1982, Journ. 
For. Res., 12 (1), pl. 1, figs. 7-15 (Holotype redrawn). 

Paragloborotalia siakensis (LeRoy, 1939) - LeRoy, 1939, Natuurk. 
Tijdschr. Nederl.-lndie, 99 (6), p. 262, pl. 4, figs. 20-22 
(Globorotalia); Bolli & Saunders, 1982, Journ. For. Res., 12 
(1), pl. 1, figs. 1-6 (Holotype redrawn). 

Paragloborotalia partimlabiata (Ruggieri & Sprovieri, 1970) -
Ruggieri & Sprovieri, 1970, Lav. 1st. Geol. Univ. Palermo, 
10, pp. 22-24, figs. 3-4 (Globorotalia). [Pl. 2, figs. 1-5] 

Globigerinopsis aguasayensis Bolli, 1962 - Bolli, 1962, Eclog. Geol. 
Helv., 55, pp. 282-283, pl. 1, figs. 1-7. 

Pulleniatina primalis Banner & Blow, 1967 - Banner & Blow, 
1967, Micropaleontology, 13 (2), pp. 142-143, pl. 1, figs. 3-8; 
pl. 3, figs. 2a-c. 

Globigerinita glutinata (Egger, 1895) - Egger, 1895, K. Bayer.• 
Akad. Wiss. Munchen, Math. Physik. Cl., Abh., 18 (2), p. 
371, pl. 13, figs. 19-21 (Globigerina). 

Globigerinita uvula (Ehrenberg, 1861) - Ehrenberg, 1861, K. 
Preuss. Akad. Wiss. Berlin, pp. 276-277, 308 (Pylodexia); the 
type was figured in Ehrenberg, 1893, K. Akad. Wiss. Berlin, 
Abh., Jahrg. 1872, pl. 2, figs. 24-25. 

Candeina praenitida Blow, 1969 - Blow, 1969, in Bronnimann & 
Renz, Proceedings of the First International Conference on 
Planktonic Microfossils, vol. 1, p. 408, pl. 54, figs. 7-9. 

Globoquadrina dehiscens (Chapman, Parr & Collins, 1934) -
Chapman, Parr & Collins, 1934, Linn. Soc. London, J ourn. 
Zoo!., 38 {262), p. 569, pl. 11, figs. 36a-c (Globorotalia). 

Globoquadrina langhiana Cita & Gelati, 1960 - Cita & Gelati, 
1960, Riv. ltal. Paleont. Strat., 66 (2), pp. 242-244, fig. 1, pl. 
29, figs. 1-20. 

Globoquadrina larmeui Akers, 1955 - Akers, 1955, J. Paleont., 29 
( 4), p. 661, pl. 65, figs. 4a-c. 

Globoquadrina baroemoenensis (LeRoy, 1939) - LeRoy, 1939, 
Natuurk. Tijdschr. Nederl.-Indie, 99 (6), p. 263, pl. 6, figs. 
1-2 ( Globigerina). 

Globoquadrina altispira (Cushman & Jarvis, 1936) - Cushman & 
Jarvis, 1936, Contr. Cushman Lab. For. Res., 12 (1), p. 5, pl. 
1, figs. 13a-c, 14 (Globigerina). 

Globoquadrina altispira globosa Bolli, 1957 - Bolli, 1957, U.S. Nat. 
Mus. Bull., 215, pp. 111-112, pl. 24, figs. 9a-10c. 

Globorotaloides falconarae Giannelli & Salvatorini, 1976 - Gian-

nelli & Salvatorini, 1976, Boll. Soc. Paleont. It., 15 (2), pp. 
170-172, pl. 2, figs. 1-6. 

REFERENCES 

ANDREONI, G., GALBIATI, B., MACCABRUNI, A. & VERCESI, P. L., 
1981, Stratigrafia e paleogeografia dei depositi oligocenici 
sup. - miocenici inf. nell'estremita orientale de! Bacino 
Ligure-Piemontese: Riv. It. Paleont. Strat., 87 (2): 245-282. 

BALLY, A. W. & SNELSON, S., 1980, Realms of subsidence. In 
Miall, A. D., (ed.), Facts and Principles of World Petroleum 
Occurrence: Can. Soc. Petrol. Geol. Mem. 6: 9-94. 

BANDY, 0. L., 1964, The type of Globigerina quadrilobata D'Or­
bigny: Cushman Found. Foram. Research Contr., 15 (1) 
36-38, 3 figs. 

BANNER, F. T. & Bww, W. H., 1960, Some primary types of 
species belonging to the superfamily Globigerinacea: Cush­
man Found. Foram. Res. Contr., 11 (1): 1-41. 

BEATRIZOTTI, G., BELLINZONA, G., BONI, A. & BRAGA, G., 1965, 
Carta Geologica d'ltalia, Foglio 59, Pavia (2nd ed.). Servizio 
Geologico d'ltalia, Roma. 

BENSON, R.H., 1975, The origin of the psychrosphere as recor­
ded in changes of deep-sea ostracode assemblages: Lethaia, 8: 
69-83. 

BERGER, J.P., 1992, Correlative chart of the European Oligocene 
and Miocene: Application to the Swiss Molasse Basin: 
Eclogae geol. Helv., 85 (3): 373-409, 2 pls. 

BERGER, W. H., 1969, Kummerform Foraminifera as clues to 
oceanic environments: AAPG Bull., 53 (3): 706. 

BERGGREN, W. A., KENT, D. V. & VAN CouvERING, J. A., 1985, 
The Neogene: part. 2. Neogene geochronology and 
chronostratigraphy. In Snelling, N. J. (ed.), The Chrnnology 
of the Geological Record: Geological Society of London 
Mem. 10: 211-260. 

BIZON, G., 1979, Planktonic Foraminifera. In Bizon, G. & 
Muller, C., Report of the Working Group on Micropaleon­
tology. VII International Congress on Mediterranean 
Neogene, Athens 1979: Ann. Geol. Pays Hellen., Tome hors 
serie, 1979, fasc. III: 1335-1364. 

BLOW, W. H., 1969, Late middle Eocene to Recent planktonic 
foraminiferal biostratigraphy. In Bronnimann, P. & Renz, H. 
H. (eds.), Proceedings of The First Planktonic Conference. 
E. J. Brill, Leiden: 199-422. 

BoLLr, H. M., 1964, Observations on the Stratigraphic 
Distribution of Some Warm Water Planktonic Foraminifera 
in the Young Miocene to Recent: Eclogae geol. Helv., 57 (2): 
541-552, 1 text-fig. 

-, 1966, Zonation of Cretaceous to Pliocene marine sediments 
based on planktonic Foraminifera: Ass. Ven. Geol. Min. 
Petr. Bo!. Inf., 9 (1): 3-32, 4 tabs. 

& SAUNDERS, J. B., 1982, Globorotalia mayeri and its 
relationship to Globorotalia siakensis and Globorotalia con­
tinuosa: Journ. Foram. Res., 12 (1): 39-50, 4 pls. 

& -, 1985, Oligocene to Holocene low latitude planktic 
foraminifera. In Bolli, H. M., Saunders, J. B. & Perch­
Nielsen, K. (eds.), Plankton stratigraphy. Cambridge 
University Press, 1-1032. 

BONI, A., 1967a, Notizie sul Serravalliano-tipo. In Selli, R., Guida 
alle escursioni de! IV Congr. C.M.N.S.: 47-63, 4 text-figs. 

19676, Note Illustrative dell a Carta Geologica d'Italia, 
Foglio 59 Pavia. Servizio Geologico d'Italia, Roma. 



336 P. MICULAN 

& Snu, R. , 1971, Serravallian. In Committee on 
Mediterranean Neogene Stratigraphy, Stratotypes of 
Mediterranean Neogene Stages: Giorn. Geol., ser. 2, 37 (2): 
181-188, 2 text-figs. 

BoRSETTI, A. M., CATI, F., CoLALONGo, M. L. & SARTONI, S., 
1979, Biostratigraphy and absolute ages of the Italian 
Neogene: Ann. Geol. Pays Helleniques (7th International 
Congress on Mediterranean Neogene), Tome hors serie (1): 
183-197. 

Boss10, A., FoRNACIARI, E., lAccARINO, S., MAZZEI, R. , MoN­
TEFORTI, B., RIO, D. & SALVATORINI, F., 1992, Integrated 
calcareous plankton biostratigraphy from the Langhian 
stratotype section (Piedmont Tertiary Basin, Italy). In Mon­
tanari, A., Coccioni, R . & Odin, G. S. (eds.), Inter­
disciplinary geological conference on the Miocene Epoch 
with emphasis on the Umbria-Marche sequence. Ancona, 
Italia, 11/15 November 1992 (abstracts): 26. 

BROMLEY, R. G. & D'ALESSANDRO, A., 1992, Ichnology of 
oxygen crises in Miocene pelagic marls. In Montanari, A., 
Coccioni, R. & Odin, G . S. (eds.), Interdisciplinary 
geological conference on the Miocene Epoch with emphasis 
on the Umbria-Marche sequence. Ancona, Italia, 11/15 
November 1992 (abstracts): 28. 

BuROLLET, P. F., MuGNOT, J. & SWEENEY, P., 1978, The Geology 
of the Pelagian Block: the margins and basins off southern 
Tunisia and Tripolitania. In Nairn, A.E.M., Kanes, W.H . & 
Stehli, F. G. (eds.), The Ocean basin and margins. Vol. 46, 
Western Mediterranean: 331-359, Plenum Press, New York. 

CALAMITA, F., CENTAMORE, E., CHIOCCHINI, u., DEIANA, G., 
M1cARELLI, A., PoTETTI, M. & ROMANO, A., 1979, Ricerche 
stratigrafiche sui sedimenti miocenici de! Bacino di 
Camerino (Marche centro-meridionali): Studi Geologici 
Camerti, 5: 83-110. 

CANTALAMESSA, G., CENTAMORE, E., CHIOCCHINI, u., 
MICARELLI, A., POTETTI, M. & D1 LORITO, L., 1986, II 
Miocene delle Marche. In Centamore, E. & Deiana, G. 
(eds.), La Geologia delle Marche: Studi Geologici Camerti, 
numero speciale: 35-55. 

CAPRARA, L. , GARZANTI, E., GNACCOLIN1, M. & MuTn, L., 
1985, Shelf-basin transition: sedimentology and petrology of 
the Serravallian of the Tertiary Piedmont Basin (Northern 
Italy): Riv. It. Paleont. Strat., 90 ( 4), 1984: 545-564. 

CARBONE, S., GRASSO, M. & LENTINI, F., 1989, Lineamenti 
geologici de! plateau Ibleo (Sicilia S.E.). Presentazione delle 
carte geologiche della Sicilia sud-orientale. In Lentini, F. 
(ed.), Atti de! Convegno su: Sistemi Avanfossa - Avanpaese 
lungo la catena Appenninico - Maghrebide: Mem. Soc. Geol. 
It., 38 (1987): 127-135, 2 pls. 

CARVEN!, P., D1 GRANDE, A. & ROMEO, M., 1982, Ulteriori dati 
geologici e stratigrafici sulle cineriti inframioceniche della 
Sicilia centro-meridionale: Boll. Soc. Geol. It., 101: 43-56. 

CASNEDI, R., 1983, General facies relationships in the eastern part 
of the Piedmont Basin (Northern Italy) in Serravallian - Tor­
tonian Time, with subsurface analysis: Boll. Soc. Geol. It., 
102: 399-405, 6 text-figs. 

CATI, F., CoLALONGO, M. L., CRESCENTI, U., D'ON0FR10, S., 
FOLLADOR, U., PIRINI RADRIZZANI, c., POMESANO CHER­
CHI, A., SALVATORINI, G., SARTONI, s., PREMOLI SILVA, I. , 
WEZEL, F. C., BERTOLINO, V., BIZON, G., BOLL!, H. M., 
BoRSETTI CAn, A. M., D0ND1, L., FEINBERG, H ., JENKINS, 
D. G., PERCONIG, E., SAMPO, M. & SPROVIERI, R., 1968, 
Biostratigrafia de! Neogene mediterraneo basata sui 
Foraminiferi planctonici: Boll. Soc. Geol. It., 87: 491-503, 2 
tabs .. 

CENTAMORE, E., CHIOCCHINI, u., JACOBACCI, A., MANFREDINI, 
M. & MANGANELLI, V., 1980, The evolution of the 
Umbrian-Marchean Basin in the Apennine section of the 
orogenic belt (Central Italy). In Cogne, J. & Slansky, M. 
(eds.), Geologie de !'Europe: Memoire du B.R.G.M., 108: 
297-306. 

& DEIANA, G., (eds.), 1986, La Geologia delle Marche: Studi 
Geologici Camerti, numero speciale: 167 pp. 

& MICARELLI, A., 1991, Stratigrafia. In Regione Marche, 
L'ambiente fisico dele Marche. S.EL.CA Firenze: 5-66. 

CHAMLEY, H., MEuLENKAMP, J.E., ZACHARIASSE, W. J. & VAN 
DER ZwAAN, G. J., 1986, Middle to Late Miocene marine 
ecostratigraphy: clay minerals, planktonic foraminifera and 
stable isotopes from Sicily: Oceanologica Acta, 9 (3): 
227-238. 

CIFELLI, R., 1976, Evolution of ocean climate and the record of 
planktonic foraminifera: Nature, 264: 431-432. 

CrTA, M.B., 1967, Notizie sul Langhiano-tipo. In Selli, R., (ed.), 
Guida alle escursioni de! IV Congr. C.M.N.S.: 63-70, 2 text­
figs. 

- , 1971, Langhian, In Committee on Mediterranean Neogene 
Stratigraphy, Stratotypes of Mediterranean Neogene Stages: 
Giorn. Geol., ser. 2, 37 (2): 107-116, 3 text-figs. 

1976, Planktonic foraminiferal biostratigraphy of the 
Mediterranean Neogene. In Takayanagi, Y. & Saito, T. 
(eds.), Progress in Micropaleontology - selected papers in 
honour of prof. Kiyoshi Asano. Micropaleontology Press 
Special Publication, American Museum Natural History: 
47-68. 
& Bww, W. H., 1969, The biostratigraphy of the Langhian, 
Serravallian and Tortonian Stages in the type-sections in 
Italy: Riv. It. Paleont. Strat., 75 (3): 549-603. 

-, CoLALONGo, M. L., D'ONOFR10, S., IACCARINO, S. & 
SALVATORINI, G., 1978, Biostratigraphy of Miocene deep-sea 
sediments (site 372 and 375) with special reference to the 
Messinian/pre-Messinian interval. In Hsu, K., Montadert, L. 
et al., Initial Reports of the DSDP vol. 42: 671-685. 

& PREMOLI SILVA, I., 1960a, Pelagic foraminifera from the 
type Langhian: International Geological Congress, Reports 
of the XXI Session, Norden 1960, Part XXII - Proceedings 
of the International Paleontological Union: 39-50. 

& -, 19606, Globigerina bollii, nuova specie de! Langhiano 
delle Langhe: Riv. It. Paleont. Strat., 66 (1): 119-126, 1 pl. 

& -, 1968, Evolution of the planktonic foraminiferal 
assemblages in the stratigraphical interval between the Type­
Langhian and the Type-Tortonian and biozonation of the 
Miocene of Piedmont. In Committee on Mediterranean 
Neogene Stratigraphy, Proc. IV Session, Giorn. Geol. ser. 2, 
35 (3): 1-28, 4 text-figs., 2 pls. 

-, - & Rossi, R., 1966, Biostratigraphie du Tortonien type 
(foraminiferes planctoniques). In Drooger, C. W., Reiss, Z., 
Rutsch, R. F. & Marks, P. (eds.) , Committee on 
Mediterranean Neogene Stratigraphy, Proceedings of the 
Third Session in Berne: 216-222, 3 text-figs, Brill, Leiden. 

Cocc10N1, R., D1 LEO, C. & GALEOTTI, S., 1992, Planktonic 
foraminiferal biostratigraphy of the upper Serravallian -
lower Tortonian Monte dei Corvi section (Northeastern 
Apennines, Italy). In Montanari, A., Coccioni, R. & Odin, 
G. S. (eds.), Interdisciplinary geological conference on the 
Miocene Epoch with emphasis on the Umbria-Marche 
sequence. Ancona, Italia, 11/15 November 1992 (abstracts): 
53-55. 

COLALONGO, M. L., D1 GRANDE, A., D'ONOFRIO, s., GIAN-



MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY 337 

NELLI, L., IACCARINO, S., MAZZEI, R., ROMEO, M. & 
SALVATORINI, G., 1980, Stratigraphy of Late Miocene Italian 
sections straddling the Tortonian/Messinian boundary: 
Boll. Soc. Paleont. Ital., 18 (2) 1979: 258-302, 12 pls, 7 text­
figs., 9 tabs. 

Cowm, J. W. & BASSETT, M. G., 1989, 1989 Global Stratigraphic 
Chart: Supplement to Episodes, 12 (2). 

CRESCENTI, U., CRosTELLA, A., DoNZELLI, G., & RAFFI, G., 
1969, Stratigrafia della serie calcarea dal Lias al Miocene nella 
regione marchigiano-abruzzese. (parte II) Litostratigrafia, 
biostratigrafia, paleogeografia: Mem. Soc. Geol. It., 8: 
343-420, 64 text-figs., 3 pls. 

DEINO, A. & MONTANARI, A., 1992, ' 0Ar/39Ar geochronology of 
air fall ashes in the Miocene pelagic sequence of the Umbria­
Marche Apennines (Italy). In Montanari, A., Coccioni, R. & 
Odin, G. S. (eds.), Interdisciplinary geological conference on 
the Miocene Epoch with emphasis on the Umbria-Marche 
sequence. Ancona, Italia, 11/15 November 1992 (abstracts): 
65-66. 

DEMARCQ, G., 1984, Importance des Megafaunes marines ben­
tiques dans !'evolution paleothermique de la Mediterranee 
au Neogene. In Interim Colloquium on Mediterranean 
Neogene Marine Megafaunal Palaeonvironments and 
Biostratigraphy: Ann. Geol. Pays Hellen., 32: 87-95. 

DE SANTIS, C., 1992, Foraminiferi benthonici de! Miocene medio 
della Sicilia e dell'Emilia. Unpubl. Thesis, Univ. Bologna, 79 
pp. 

FoRESI, L., 1992, Orbulina universa index fossil for the Langhian­
Serravallian boundary. Proposal for a boundary straytotype. 
In Montanari, A., Coccioni, R. & Odin, G. S. (eds.), Inter­
disciplinary geological conference on the Miocene Epoch 
with emphasis on the Umbria-Marche sequence. Ancona, 
Italia, 11/15 November 1992 (abstract): 67. 

GASPERI, J. T. & KENNETT, J.P., 1993, Vertical thermal structure 
evolution of Miocene surface waters. Western equatorial 
Pacific DSDP site 289: Mar. Micropaleont., 22 (3): 235-54. 

GELATI, R., 1968, Stratigrafia dell'Oligo-Miocene delle Langhe, 
tra le valli dei fiumi Tanaro e Bormida di Spigno: Riv. It. 
Paleont. Strat., 74 (3): 865-967. 

& GNACCOLINI, M., 1982, Evoluzione tettonico­
sedimentaria della zona limite tra Alpi ed Appennini tra 
l'inizio dell'Oligocene ed ii Miocene medio: Mem. Soc. 
Geol. It., 24, 1982: 183-191, 4 text-figs. 

& -, 1988, Sequenze deposizionali in un bacino 
episuturale, nella zona di raccordo tra Alpi ed Appennino 
settentrionale: Atti Tic. Sc. Terra, 31, 1987 /88: 340-350, 3 
text-figs. 

, FALLETTI, P. & CATRULLO, D., 1993, Stratigrafia 
sequenziale della successione Oligo-miocenica delle Langhe, 
Bacino Terziario Ligure-Piemontese: Riv. It. Paleont. Strat., 
98 ( 4): 425-452. 

GHIBAUDO, G., CLAR!, P. & PERELLO, M., 1986, Litostratigrafia, 
sedimentologia ed evoluzione tettonico-sedimentaria dei 
depositi miocenici de! margine sud-orientale de! bacino 
terziario ligure-piemontese (valli Borbera, Scrivia e Lemme): 
Boll. Soc. Geol. It., 104 (3), 1985: 349-395, 35 text-figs., 1 
map. 

GIANNELLI, L. & SALVATORINI, G., 1972, I foraminiferi planc­
tonici dei sedimenti terziari dell' Arcipelago Maltese. I. 
Biostratigrafia de! «Globigerina Limestone»: Atti Soc. Tosc. 
Sci. Nat., Mem., ser. A, 79: 49-74, 1 text-fig., 2 pls. 

-, & -, 1975, I foraminiferi planctonici dei sedimenti terziari 
dell' Arcipelago Maltese. II. Biostratigrafia di: «Blue Clay», 

«Greensand» e «Upper Coralline Limestone»: Atti Soc. 
Tosc. Sci. Nat., Mem., ser. A, 82: 20-42, 1 text-fig., 2 pls. 

GIANOTTI, A., 1953, Microfaune della serie Tortoniana di Rio 
Mazzapiedi - Castellania (Tortona-Alessandria): Riv. It. 
Paleont. Strat., Mem VI: 167-308, 10 pls., 3 tabs. 

GNACCOLINI, M., 1960, Contributo alla conoscenza della 
Paleogeografia de! Langhiano delle Langhe: Riv. It. Paleont. 
Strat., 66 (4): 551-588, 4 pls. 

1967, Caratteristiche sedimentologiche principali dello 
strato-tipo de! Langhiano e delle formazioni adiacenti: Pub­
bl. Ist. Geol. Univ. Milano, 237: 7 pp., 4 text-figs. 

-, 1968, ii bacino delle Langhe (Piemonte) durante ii Miocene: 
Riv. It. Paleont. Strat., 74 (1): 133-142, 1 pls., 6 text-figs. 

-, GELATI, R., CATRULLO, D. & FALLETTI, P., 1992, Sequenze 
deposizionali nella successione oligo-miocenica delle 
«Langhe»: un approccio alla stratigrafia sequenziale de! 
Bacino Terziario Ligure-Piemontese: Mem. Soc. Geol. It., 45 
(1990): 671-686, 13 text-figs. 

GRASSO, M. & LENTINI, F., 1982, Sedimentary and tectonic 
evolution of the Eastern Hyblean Plateau (Southeastern 
Sicily) during Late Cretaceous to Quaternary time: 
Palaeogeogr. Palaeoclimat. Palaeoecol., 39: 261-280. 

HAQ, B. U., 1980, Biogeographic history of Miocene calcareous 
nannoplankton and paleoceanography of the Atlantic 
Ocean: Micropaleontology, 26 (4): 414-443. 

-, HARDENBOL, J. & VAIL, P.R., 1988, Mesozoic and Cenozoic 
Chronostratigraphy and cycles of sea-level change. In 
Wilgus, C. K., Hastings, B. S., Kendall, C. G. St. C., 
Posamentier, H. V., Ross, C. A. & Van Wagoner, J.C. (eds.), 
Sea-Level Changes - An Integrated Approach: SEPM spec. 
pub!. 42: 71-108. 

& VAN EYSINGA, F. W. B., 1987, Geological Time Table ( 4th 
edition), poster, Elsevier. 

HARLAND, B. W., ARMSTRONG, R. L., Cox, A. V., CRAIG., L. E., 
SMITH, A. G. & SMITH, D. G., 1990, A geologic time scale 
1989: 260 pp., Cambridge University Press. 

HEMLEBEN, C., SPINDLER, M. & ANDERSON, 0. R., 1989, 
Modern Planktonic Foraminifera: 363 pp., Springer-Verlag. 

-, -, BREITINGER, I. & OTT, R., 1987, Morphological and 
Physiological responses of Globigerinoides sacculifer (Brady) 
under varying laboratory conditions: Mar. Micropaleont., 
12: 305-324. 

IACCARINO, S., 1985, Mediterranean Miocene and Pliocene 
planktic foraminifera. In Bolli, H. M., Saunders, J. B., & 
Perch-Nielsen, K. (eds.), Plankton Stratigraphy, Cambridge 
University Press: 283-314. 

& SALVATORINI, G., 1982, A framework of planktonic 
foraminiferal biostratigraphy for Early Miocene to Late 
Pliocene mediterranean area: Paleontologia stratigrafica ed 
Evoluzione. Quaderno n. 2: 115-125. 

JENKINS, D. G., SAUNDERS, J. B. & CIFELLI, R., 1981, The 
relationship of Globigerinoides bisphericus Todd 1954 to 
Praeorbulina sicana (De Stefani, 1952): Journ. Foram. Res., 
11 ( 4): 262-67. 

KELLER, G., 1985, Depth stratification of planktonic foraminifers 
in the Miocene ocean. In Kennett, J. P. (ed.), The Miocene 
Ocean: Paleoceanography and Biogeography: Geol. Soc. 
Am. Mem., 163: 177-193. 

KENNETT, J. P., KELLER, G. & SRINIVASAN, S., 1985, Miocene 
planktonic foraminiferal biogeography and paleo­
ceanographic development of the Indo-Pacific region. In 
Kennett, J.P. (ed.), The Miocene Ocean: Palaeoceanography 



338 P. MICULAN 

and Biogeography: Geol. Soc. Am. Mem., 163: 197-236. 

KRUGE, M. A., STANKIEWICZ, B. A. & MONTANARI, A., 1992, 
Organic chemostratigraphy of the Miocene Monte dei Corvi 
sequence in the northeastern Apennines, Italy. In Mon­
tanari, A., Coccioni, R. & Odin, G. S. (eds.), Inter­
disciplinary geological conference on the Miocene Epoch 
with emphasis on the Umbria-Marche sequence. Ancona, 
Italia, 11/15 November 1992 (abstracts): 73-75. 

LoEBLICH, A. R., JR. & TAPPAN, H., 1988, Foraminiferal Genera 
and Their Classification. Van Nostrand Reinhold, New 
York. Vol. I, pp. 1-970. 

LORENZ, C. R., 1969, Contribution a l'etude stratigraphique de 
l'Oligocene et du Miocene inferieur des confins liguro­
piemonteis (Italie): Atti Ist. Geol. Univ. Genova, 6 (2): 
253-888, 21 pls., 2 tabs., 1 geologic map. 

MARTINI, E., 1968, Calcareous Nannoplankton from the Type 
Langhian: Committee on Mediterranean Neogene 
Stratigraphy, Proc. IV Session, Giorn. Geol., ser. 2, 35 (2): 
163-172, 2 tabs. 

-, 1971, Standard Tertiary and Quaternary calcareous nan­
noplankton zonation. In Farinacci, A. (ed.), Proceedings of 
the Second Planktonic Conference. Tecnoscienza, Roma, 
739-785. 

MARTINOTTI, G. M., 1981, Biostratigraphy and planktonic 
foraminifera of the Late Eocene to ?Pleistocene sequence in 
the Asqelon 2 well (southern coastal plain, Israel): Rev. Esp. 
Micropaleontologia, 13 (3): 343-381. 

-, 1990, The stratigraphic significance of Globigerinoides ruber 
and Globigerinoides obliquus obliquus in the Mediterranean 
Middle Miocene: Micropaleontology, 36 (1): 96-101. 

MAYER, CH., 1877, Sur la carte geologique de la Ligurie centrale: 
Bull. Soc. Geol. Fr., ser. 6, 5: 282-297. 

MILLER, K. G., FAIRBANKS, R. G. & MOUNTAIN, G. S., 1987, Ter­
tiary oxygen isotope synthesis, sea level history and con­
tinental margin erosion: Paleoceanography, 2 (1): 1-19. 

-, WRIGHT, J. D. & FAIRBANKS, R. G., 1991, Unlocking the Ice 
House: Oligocene-Miocene Oxigen Isotopes, Eustasy and 
Margin Erosion: Journ. Geophys. Res., 96, B4: 6829-6848. 

ODIN, G. s., MICULAN, P., COSCA, M., TATEO, F., AMOROSI, A. 
& HUNZIKER, J. K., 1995, Biostratigraphy and 
geochronology of a Serravallian volcanoclastic layer from 
Sicily. In Montanari, A., Coccioni, R. & Odin, G. S., (eds.) 
Miocene Integrated Stratigraphic Sequence. Elsevier (in 
press). 

OERTLI, H. J., 1961, Ostracodes du Langhien-type: Riv. ltal. 
Paleont. Strat., 67 (1): 17-44. 

PARETO, L., 1865, Note sur Jes subdivisions que !'on pourrait 
etablir dans les terrains tertiaires de I' Apennin septentrional: 
Bull. Soc. Geol. France, ser. 2, vol. 22, 1864-65: 210-277. 

PEDLEY, M. H., 1981, Sedimentology and Palaeonvironment of 
the Southeast Sicilian Tertiary platform carbonates: 
Sediment. Geol., 28: 273-291. 

PREMOLI SILVA, I., 1960, Le Buliminidae de! Langhiano delle 
Langhe: Riv. It. Paleont. Strat., 66 (4): 551-588, 4 pls. 

RIGO, M. & BARBIERI, F., 1959, Stratigrafia pratica applicata in 
Sicilia: Boll. Serv. Geol. Italia, 81 (2-3): 101 pp. 

RoBBA, E., 1971, Associazioni a Pteropodi della Formazione di 
Cessole (Langhiano): Riv. It. Paleont. Strat., 77 (1): 19-126, 
5 pls. 

ROMEO, M., 1969, Stratigrafia e microfaune de! Miocene di Mon­
te Giammoia presso Gela (Caltanissetta): Atti Acc. Gioenia 

Sc. Nat. Catania, s.7, 1, Suppl. Sc. Geol., 1968, 239-345, 4 
text-figs., 2 tabs., 10 pls. 

-, & SCIUTO, F., 1989, Stratigrafia micropaleontologica delle 
successioni mioceniche dell'alta valle de! fiume Tellaro 
(Sicilia sud-orientale): Mem. Soc. Geol. It., 38 (1987): 
137-154. 

RUGGIERI, G., 1960, Ostracofauna miocenica de! Ragusano: Riv. 
Min. Sic., 63: 1-7, 2 pls. 

-, & SPROVIERI, R., 1970, I microfossili delle «Marne di S. 
Cipirello»: Lavori Istituto di Geologia dell'Universita di 
Palermo, 10: 1-26. 

RYAN, w. B. F., CITA, M. B., DREYFUS RAWSON, M., BURKLE, L. 
H. & SAITO, T., 1974, A. paleomagnetic assignement of 
Neogene stage boundaries and the development of 
isochronous datum planes between the Mediterranean, the 
Pacific, and Indian Oceans in order to investigate the 
response of the world ocean to the Mediterranean «salinity 
crisis»: Riv. It. Paleont. Strat., 80: 631-68. 

SACCO, F., 1890, II bacino terziario e quaternario de! Piemonte: 
1-634, Bernardoni, Milano. 

SALVATORINI, G. & CnA, M. B., 1979, Miocene foraminiferal 
stratigraphy, DSDP site 397 (Cape Bojador, North Atlantic). 
In von Rad, W., Ryan, W. B. F. et al., Initial Report of the 
Deep Sea Drilling Project, vol. 47 (1): 317-373. 

SANCETTA, C., 1978, Neogene Pacific Microfossils and 
Paleoceanography: Mar. Micropaleont., 3: 347-376. 

SAVIN, S. M., DouGLAS, R. G. & STEHLI, F. G., 1975, Tertiary 
marine paleotemperatures: Geol. Soc. America Bull., 86: 
1499-1510, 14 text-figs. 

-, -, KELLER, G., KILLINGLEY, J. S., SHAUGHNESSY, L., SOM­
MER, M.A., VINCENT, E. & WooDRUFF, F., 1981, Miocene 
benthic foraminiferal isotope records: a synthesis: Mar. 
Micropaleont., 6: 423-450. 

SELL!, R., 1954, II bacino de! Metauro: Giorn. Geol., ser. 2, 24: 
1-268. 

SHACKLETON, N. J. & KENNETT, J. P., 1975, Paleotemperature 
history of the Cenozoic and the initiation of Antarctic 
glaciation: oxygen and carbon isotope analysis in DSDP 
sites 277, 279 and 281. In Kennett, J. P., Houltz, R. E. et al. 
(eds.), Initial reports of DSDP, 29, 743-755. 

STAINFORTH, R. M., LAMB, J. L., LUTERBACHER, H., BEARD, J. 
H. & JEFFORDS, R. M., 1975, Cenozoic planktonic 
foraminiferal zonation and characteristics of index forms: 
Univ. Kansas. Paleont. Contr., n. 35: 1-425. 

STEININGER, F. F. & ROGL, F., 1984, Paleogeography and palin­
spastic reconstruction of the Neogene of the Mediterranean 
and Paratethys. In Dixon, J.E. & Robertson, A. H. F. (eds.), 
The Geological evolution of the Eastern Mediterranean: 
Geological Society Special Pub!. n. 17, London: 659-668. 

Sue, J.-P., 1986, Flores neogenes de Mediterranee occidentale. 
Climat et paleogeographie: Bull. Centres Rech. Explor.­
Prod. Elf-Aquitaine, 10 (2): 477-488, 2 text-figs, 2 tabs. 

THEODORIDIS, S., 1984, Calcareous nannofossil biozonation of 
the Miocene and revision of the Helicolithids and 
Discoasterids: Utrecht Micropaleont. Bull., 32: 1-272. 

THUNELL, R. & BELYEA, P., 1982, Neogene planktonic 
foraminiferal biogeography of the Atlantic Ocean: 
Micropaleontology, 28 (4): 381-398. 

ToDD, R., 1961, On selection of lectotypes and neotypes: Cush­
man Found. Foram. Res. Contr., 12: 121-122. 

VAN DER ZwAAN, G. J. & GuDJONSSON, L., 1986, Middle 



MIOCENE PLANKTONIC FORAMINIFERAL BIOSTRA TIGRAPHY 339 

Miocene-Pliocene stable isotope stratigraphy and paleo­
oceanography of the Mediterranean: Mar. Micro­
paleont., 10: 71-90. 

VERVLOET, C.C., 1966, Stratigraphical and micropaleontological 
data on the Tertiary of Southern Piemont (Northern Italy). 
88 pp., 5 figs. , 11 tabb., 12 tavv., 5 carte, Schotanus & Jens, 
Utrecht. 

WoooRUFF, F. & SAVIN, S. M., 1991, Mid-Miocene isotope 
stratigraphy in the Deep sea: high-resolution correlations, 
paleoclimatic cycles and sediments preservation: 
Paleoceanography, 6 (6): 755-806. 

W RIGHT, J. D. & TttUNELL, R. C., 1988, Neogene planktonic 
foraminiferal biogeography and paleoceanography of the In­
dian Ocean: Micropaleontology, 34 (3): 193-216. 

ZACHARIASSE, W. J. & SPAAK, P., 1983, Middle Miocene to 
Pliocene paleoenvironmental reconstruction of the 
mediterranean and adjacent Atlantic Ocean: planktonic 
foraminiferal record of Southern Italy. In Meulenkamp, J. E. 
(ed.), Reconstruction of marine paleoenvironments: Utrecht 
Micropal. Bull., 30: 91-110. 

(manuscript received August 2, 1993 
accepted July 15, 1994) 

Pietro M1cuLAN 

Dipartimento di Scienze Geologiche 
Via Zamboni 67, 1-40127 Bologna, Italy 




