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A planktonic foraminiferal zonation is established for the Middle/Upper
Miocene - Pliocene interval in Crete. It is based upon the investigation of
samples from 29 sections. Eight zones are distinguished.

A comparison with samples from other Neogene sections from Italy,
Spain, Algeria, and the islands of Karpathos, Malta and Gozo shows that the
Cretan zonation is valid for intra - Mediterranean correlations.

The zonal schemes established by Bizon (1967: Western Greece) and Cita
(1973: DSDP cores, Leg 13) seem to be rather different from the Cretan
zonation. This is certainly due to different paleontological criteria applied by
these authors and different limiting species concepts rather than significant
differences in the planktonic foraminiferal successions. Clues for correlating
our zonal scheme with Blow's standard zonation (1969) appear to be
limited. The Late Neogene sediments in Crete are thought to range from
Zone N 15 to Zone N 21.

The study of the faunas of some Late Neogene stratotypes, including
those of the Tortonian, Messinian, Andalusian, Tabianian and Piacenzian,
enables the positioning of our Cretan zonation within the chronostratigraph-
ic scale. The systematic part of the study deals with some 40 taxa. Attention
is paid to their horizontal and vertical variation. For wall structure investiga-
tions the Scanning Electron Microscope has been used.



The main purpose of this study is to give a detailed account of the
planktonic foraminifera of the Neogene of Crete and to design a planktonic
foraminiferal zonation. For that purpose a great number of selected sections,
scattered over the island, were studied (see fig. 1). The sections cover the
major part of the Middle/Upper Miocene to Pliocene interval.

Most of the sections are from the investigations of Freudenthal (1969:
Province of Khania), Meulenkamp (1969: Province of Rethymnon), Grad-
stein (1973: Province of Lasithi, Sitia District) and Fortuin (in prep.:
Province of Lasithi, Ierapetra District). The sections from central Crete
(Province of Iraklion) come from the field investigations carried out by
Sissingh and Zachariasse. The stratigraphy of the Neogene deposits in Central
Crete will be presented in a joint publication of Sissingh and Zachariasse.

As this is one of the latest publications of the Utrecht group dealing with
Cretan Late Neogene micropaleontology, the zonation in most of the sec-
tions can be directly compared with the biostratigraphic results based on
other microfossil groups: Planorbulinella (Freudenthal, 1969); Uvigerina
(Meulenkamp, 1969); ostracodes (Sissingh, 1972); and Pliocene Globorotalia
(Gradstein, 1974). A comparison between the calcareous nannoplankton
zonation, recently established by Schmidt (1973) and the planktonic fora-
miniferal biostratigraphy will be dealt with in a forthcoming paper of
Schmidt and Zachariasse.

For a more general review of the Neogene sedimentary history and
paleogeography of Crete, reference is made to the following publications:
Meulenkamp (1971), Drooger and Meulenkamp (1973) and Meulenkamp (in
prep.).

Until now little was known about the planktonic foraminifera of the
Cretan Late Neogene. The first planktonic foraminifer (Globigerina bul-
10 ides ) from Crete was reported by Bonarelli (1901). The first author who
gave a more detailed account of planktonic foraminifera is Christodoulou
(1963). He studied some 114 samples collected from a great number of
exposures in Crete. Some 20 planktonic taxa were reported, among others:
Globigerinoides bisphericus, G. J<lomerosa circularis, G. glomerosa curvus and



G. transitorius. The presence of these taxa would indicate that marine
sedimentation on Crete started already in the "(Upper) Helvetian". In an
attempt to correlate continental and marine biozones (De Bruyn, Sondaar
and Zachariasse, 1971), the present author described the planktonic fora-
miniferal content of some samples from the Kastellios Hill section (Province
of Iraklion). The planktonic foraminifera indicate that the mammal-bearing
beds are of Early Tortonian Age. Recently, Gradstein (1974) presented a
statistical study of Pliocene Globorotalia. He found that assemblages of the
G. margaritae and G. puncticulata groups are followed upward by those of
the G. bononiensis group, which in turn is succeeded by the G. inflata group.
On the basis of the distribution of these four groups he proposed a threefold
subdivision of the Cretan Pliocene.

In order to evaluate to which extent our Cretan planktonic foraminiferal
zonation is recognizable outside Crete, several other sections in the Mediter-
ranean area were studied. They are located on the Greek island of Karpathos,
in the Maltese islands, Italy, southern Spain and northern Algeria (see fig. 4).

A comparison has been made with some previously established zonations.
The well-documented zonal schemes of Bizon (1967) and Cita (1973) are
based on land sections in western Greece and deep-sea cores recovered from
the Mediterranean, respectively. The standard zonation of Blow (1969) was
found to be more remote, as it is primarily based on tropical faunas from
outside the Mediterranean basin (see fig. 5).

Parts of the zonation established for Crete can be recognized in several
of the Mediterranean stratotype localities for the Late Neogene interval. A
discussion on the place of the Cretan zones relative to the chronostrati-
graphic scale is given in Chapter VI (see also fig. 5).
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In this chapter 42 sections, including some Late Neogene stratotypes, will
be documented by selected lithological data, relative stratigraphic position
and reference to earlier publications.

Thirty-five of these sections are located in Crete, Karpathos, Malta and
Gozo, southern Spain or northern Algeria. They can be entered into a
framework of formations, nearly all of which had previously been estab-
lished by Utrecht stratigraphers who carried out the field work. Not the
lithology of the sections is reviewed, but that of the formations to which the
sections are assigned.

Neogene deposits of the Province of Iraklion (central Crete) have been
investigated by Sissingh and Zachariasse. Because the results are to be
published elsewhere, the lithologic details and location of these sections will
be briefly discussed (see also figs. 2 and 3).

Although the study of Fortuin concerning the Neogene of eastern Crete
(Ierapetra District) has not yet been published, some of his data have been
kindly put at our disposal.

The remaining 7 sections are locat~d in Italy: sections Capodarso, Pas-
quasia, Torrente Rossi and Cropalati in southern Italy; sections Rio Maz-
zapiedi-Castellania, Tabiano Bagni and Lugagnano-Castell'Arquato in northern
Italy (see fig. 4).

From the followi~g Cretan sections the entire planktonic foraminiferal
content has been studied in detail and plotted in two distribution charts
(figs. 11 and 12): Ambelos, exposure 336; N. of Panayia, exposure 339;
Khairetiana, exposure 368; Selli, exposure 860; Vryses, exposure 846;
Khairetiana, exposure 292; Asteri, exposure 848 - 849; Stavromenos, expo-
sure 884; and Francocastello II, exposure 817.

All other Cretan and extra-Cretan sections have been roughly surveyed for
planktonic foraminifera. Only the Globorotalia content has been examined
in more detail.



1: Pata m id ha, Exp. 212
2: Khoiretiana,Exp. 292
3: Khoiretiano,Exp, 368
4: Dheliana,Exp.104
5: Moulete-Tovronites.

Exp. 54,122 -124.
6: Ambelas, Exp. 336
7: N.of Pan oyia, Exp.339

6 7

~AVDOS

PROVINCE OF RETHYMNON PROVINCE OF IRAKLION
MEULENKAMP,1969 SISSINGH, AND ZACHARIASSE

mprep.

13: Marias, Exp.159
14: Fortetso, Exp.70 B
15: SpiliorO,Exp,70AA
16: Atsolenio,ExP.70D
17: Tefeii,Exp.51
18: Aiton io, Exp. 70R
19: Voni,Exp.212
20: Lefkochorion,Exp.144
21 :Kostellios,Exp.151
22: Gouves, Exp. 7QG
23: Tsoutsauras,Exp.242
24: ChersonisOS,Exp.70P

8: Vryses, Exp. 846
9: Francacostello IT,Exp.

817
10: 5ell'l, Exp.860
11: Asteri, Exp. 848-849
12: 5tavromenos,Exp,884

25: Kalomovka,Exp.43
26:Prina,Exp.263
27: Vosiliki, Exp, 215-217

Index map of Crete showing the location of the sections studied. The approximate distribution of Late Cenozoic sediments is indicated
by dotting (after Drooger and Meulenkamp, 1973).



The location of the Cretan sections is shown in fig. 1; that of extra-Cretan
sections is given in fig. 4.

The relative age determination of the Cretan formations is mainly based
on evolutionary stages in the foraminiferal genera Planorbulinella and
Uvigerina. Some additional data have been obtained from the studies on
ostracodes (Sissingh, 1972) and on Pliocene Globorotalia (Gradstein, 1974).

Freudenthal (1969) established three morphologically adjoining species of
Planorbulinella, which are successive in time: P. rokae, P. astriki and P.
caneae.

Meulenkamp (1969) described two lineages in the genus Uvigerina, that of
u. melitensis and that of u. cretensis, which are roughly successive. Each
lineage has been subdivided into four specific units. Recently, Fortuin
(1974) described U. praeselliana: a species which precedes the first member
of Meulenkamp's cretensis-lineage.

For a review of the Planorbulinella and Uvigerina species names in strati-
graphic order, reference is made to the columns in fig. 5.

11.2.1. Gavdos

Reference: Freudenthal, 1969

11.2.1.1. The Gavdos Formation (Freudenthal, 1969, p. 48) comprises sedi-
ments of variable lithology: conglomerates, sands, clays, marls and lime-
stones. Two sections have been studied: section Ambelos, exposure 336 and
the section N. of Panayia, exposure 339 (Freudenthal, p. 24).

Assemblages of U. gaulensis indicate both sections to be older than the
middle and upper parts of the Tortonian stratotype (sensu Cita et al., 1965),
which contain assemblages of u. selliana close to U. cretensis, and of u.
cretensis (Meulenkamp, 1969, p. 95).

Reference: Freudenthal, 1969

11.2.2.1. The Kissamou Formation (Freudenthal, 1969, p. 33) consists of
amorphous, sometimes laminated clays, with some intercalations of non-
graded clastics. Three sections have been studied: section Khairetiana, expo-
sure 368, section Potamidha, exposure 212, and section Dheliana, exposure
104 (Freudenthal, p. 20).



In the lower part of section Khairetiana P. astriki is found; P. caneae is
present in the middle and upper part. Both other sections only contained P.
caneae.

Since P. astriki is found in the Tortonian stratotype (Freudenthal, p. 79),
at least part of the Kissamou Formation is of Tortonian Age.

11.2.2.2. The Khairetiana Formation (Freudenthal, 1969, p. 36) is con-
formably overlying the Kissamou Formation. The sediments consist of alter-
nating layers of amorphous marls and laminated marls or clays, with clastic
graded intercalations. Gypsum deposits are locally present in the lower part.
One section has been studied: section Khairetiana, exposure 292 (Freuden-
thal, p. 21).

Studying the ostracodes from section Khairetiana, Sissingh (1972) as-
sumed a Late Miocene age. Uvigerina assemblages from this section, mea-
sured by the present author, belong to U. lucasi, which supplies further
evidence of a Late Miocene age. However, according to Freudenthal, at least
part of the Khairetiana deposits is of Pliocene age.

II.2.2.3. The Tavronitis Formation (Freudenthal, 1969, p.41) consists of
amorphous marls, alternating in the upper part of the formation with many
slightly graded beds. One section has been studied: section Moulete-
Tavronitis, exposure 54, 122-124 (Freudenthal, p. 21). A section lateral of
the unexposed interval in the lower part of the section between sample levels
M 993 and M 999 has recently been sampled by Meulenkamp (samples GR.
162-163; GR. 175-179).

According to Freudenthal, at least part of the formation is of Pliocene
age.

11.2.3. Western Crete: Province of Rethymnon

Reference: Meulenkamp, 1969

11.2.3.1. The Apostoli Formation (Meulenkamp, 1969, p. 24) mainly consists
of marls and clays; the basal part is commonly composed of conglomerates
and sands. One section has been studied: section Selli, exposure 860 (Meu-
lenkamp, p. 19).

Two successive assemblages of uvigerinids have been determined by Meu-
lenkamp as U. felixi and u. selliana. They are found together with P. caneae,
whereas P. astriki is found lower down in the section (Freudenthal, p. 78).
The presence of P. astriki and u. selliana proves the correlation with part of
the Tortonian stratotype.



11.2.3.2. The Rethymnon Formation (Meulenkamp, 1969, p. 27) is conform-
ably overlying the Apostoli Formation, and consists of organic limestones,
alternating with clays and marls. Locally, conglomerates and sands are
intercalated. Sediments of this formation have been studied in the upper part
of section Selli, exposure 860 (Meulenkamp, p. 19).

P. caneae has been reported by Freudenthal (p. 79), U. cretensis and
assemblages transitional between u. cretensis and U. lucasi by Meulenkamp
(p.81).

Since the topmost part of the Tortonian stratotype (sensu Cita et al.,
1965) contains assemblages of u. cretensis close to U. lucasi, the Rethymnon
Formation in section Selli may be considered to be of Middle to Late
Tortonian Age.

11.2.3.3. The Mylopotamou Formation (Meulenkamp, 1969, p. 34) consists
of alternating laminated and non-laminated marls. One section has been
studied: section Vryses, exposure 846 (Meulenkamp, p. 22).

This section falls for the larger part within the biostratigraphic interval of
u. lucasi. Hence, section Vryses is thought to be younger than the Late
Tortonian, mainly of Messinian Age.

11.2.3.4. The Asteri Formation (Meulenkamp, 1969, p.41) consists of
whitish marls with abundant concretions. Section Asteri, exposures 848 and
849 and section Stavromenos, exposure 884 (Meulenkamp, p. 42) have been
studied.

The highly developed u. lucasi, merging into U. arquatensis approximately
at the base of exposure 849, indicate an Early to Middle Pliocene age for the
Asteri deposits in these sections. This age assignment is supported by the
presence of the Globorotalia puncticulata and G. bononiensis groups, re-
ported by Gradstein (1974).

11.2.3.5. The Francocastello Formation (Meulenkamp, 1969, p. 44) is based
on two sections with sediments of highly variable lithology. One of these
sections, Francocastello II, exposure 817 (Meulenkamp, p. 45) consists of
blue-green clays and organic limestones.

Only U. arquatensis has been found. According to Gradstein (1974) the
Globorotalia bononiensis and G. inflata groups indicate a Middle to Late
Pliocene age. Based on the study of ostracodes, Sissingh (1972) considered
the larger part of this section as a lateral equivalent of the middle and upper
part of the Asteri Formation in the sections Asteri and Stavromenos.



Reference: Sissingh 1972; Sissingh and Zachariasse, in prep.

II.2.4.1. The Tefeli Formation (Sissingh, 1972, p. 22; Sissingh and Zacha-
riasse, in prep.) is mainly composed of lignites, clays, marls, sands and
conglomerates. Locally, reefal limestones are intercalated. The formation is
distributed throughout the province.

Some sections from the western part have been dated by Sissingh, 1972,
by means of ostracodes, as Tortonian. In the eastern part of the province the
Tefeli deposits are partly older.

Section Kastellios, exposure 151, has been previously dated by De Bruyn,
Sondaar and Zachariasse (1971) as Early Tortonian from the joint presence
of primitive U. selliana, Globigerina acostaensis and Globorotalia gigantea.
Also section Tefeli, exposure 51 (fig. 1 and 2), the lower part of section
Lefkochorion, exposure 144 (fig. 1 and 3) and section Chersonisos, exposure
70P (fig. 1 and 3) contained assemblages of primitive U. selliana, indicating
an Early Tortonian Age.

Section Tefeli is situated approximately 2.5 km south of the village of
Amourgeles (Monophatsiou District), along the northwestern slope of the
Pirathijanni Kefala.

Section Lefkochorion is situated immediately west of the village of
Lefkochorion (Monophatsiou District).

Section Chersonisos is situated some 2 km north of Limani Chersonisos
(Cape Chersonisos) (Pediados District).

11.2.4.2. The Parathamna Formation (Sissingh and Zachariasse, in prep.) is
conformably overlying the Tefeli deposits and consists of greyish marls with
intercalated limestones, sands and conglomerates. Gypsum deposits are lo-
cally present in the lower part of the formation. The formation has been
recognized only in the eastern part of the Province of Iraklion. The following
sections have been studied:

section Morias, exposure 159 (fig. 1 and 2). At the east side of the road
from Ano Akria to Morias, about 200 m. south of the firstmentioned village
(Monophatsiou District).

section Spiliaro, exposure 70AA (fig. 1 and 3). At the north side of the
road from Fortetsa to Ay. Silas, about 1 km south of the village of Vasilies
(Temenous District).

section Atsalenio, exposure 70D (fig. 1 and 3). At the eastern border of
the town of Iraklion, about 1 km south of the point where the road Iraklion
- Chersonisos crosses the river Katsabas (Temenous District).
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section Aitania, exposure 70R (fig. 1 and 2). At the west side of the
village of Aitania (Pediados District) down to the river Karteros.

section Voni, exposure 212 (fig. 1 and 3). At the south side of the road
from Iraklion to Arkalochorion, about 2.5 km east of the bifurcation point
of the road to Panorama (Pediados District).

section Gouves, exposure 70G (fig. 1 and 3). Immediately south of the
village of Gouves, along the west side of the road from Gouves to Kalo
Chorion (Pediados District).

Several samples of these sections contain uvigerinids, ranging from assem-
blages intermediate between u. lucasi and u. arquatensis to assemblages of
u. arquatensis. They indicate a Pliocene age. Scattered samples from some
exposures in the southern part of the area contained assemblages of primitive
U. lucasi, indicating part of the Parathamna Formation to be Late Miocene.

11.2.4.3. The Stavromenos Formation (Sissingh and Zachariasse, in prep.)
consists of alternating laminated and non-laminated marls, with a gradual
upward transition from the former into the latter and a sharp boundary at
the base of the laminated units. The formation is recognized throughout the
northern part of the Province of Iraklion.

From field data it follows that the Stavromenos Formation is partly a
lateral equivalent of the Parathamna Formation, partly conformably over-
lying this formation. The following sections have been studied:

section Fortetsa, exposure 70B (fig. 1 and 3). Along the western slope of
the fairly deep and broad valley, about 1 km west of the village of Fortetsa
(Temenous District).

section Aitania, exposure 70R (upper part). For location we refer to
11.2.4.2. and fig. 1; the lithology is shown in fig. 2.

Assemblages intermediate between u. lucasi and u. arquatensis and assem-
blages of u. arquatensis indicate a Pliocene age for the Stavromenos deposits
in these sections.

11.2.4.4. The Marias Formation (Sissingh and Zachariasse, in prep.) comprises
highly fossiliferous sandy marls, sands and limestones. It is conformably
overlying the Parathamna Formation. The areal distribution is limited to the
northern border of the Messara plain in the southern part of the Iraklion
Province. The upper part of section Morias, exposure 159, has been studied
(for location we refer to 11.2.4.2. and fig. 1; the lithology is given in fig. 2).

The presence of U. arquatensis indicates a Pliocene age for this formation.

11.2.4.5. The Tsoutsouras Formation (Sissingh and Zachariasse, in prep.)
consists of a series of highly fossiliferous sandy marls, sands and conglomer-
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ates, distributed along a small strip at the south coast near Tsoutsouras.
Section Tsoutsouras, exposure 242 (fig. 1 and 2), has been studied. The
section is located along the coast, east of the village of Tsoutsouras
(Monophatsiou District).

On the basis of the planktonic foraminifera, the Tsoutsouras deposits are
assumed to be Pliocene.

Reference: Gradstein, 1973; Fortuin, in prep.

11.2.5.1. The Kalamavka Formation (Fortuin, in prep.) comprises a series of
calcareous sandstones alternating with marls.

As concluded by Fortuin from the presence of u. melitensis, the basal
part of the Kalamavka deposits probably represents the oldest marine
Neogene on Crete. In two sections the Kalamavka Formation has been
studied: section Vasiliki, exposure 215-217, and section Kalamavka, expo-
sure 43.

The former section contains assemblages of u. felixi; in the upper part of
the latter section, U. gaulensis and primitive U. selliana are both present
(Fortuin, in prep.). Hence, at least part of this formation in these sections
can be correlated with the Gavdos Formation, which is considered to be
definitely older than the middle part of the Tortonian stratotype.

II.2.5.2. The Makrilia Pormation (Fortuin, in prep.) consists of bluish ;layey
marls, alternating with generally graded sands. The formation has been
studied in section Vasiliki, exposures 215-217.

An Early Tortonian Age is concluded by Fortuin on the presence of u.
felixi and primitive U. selliana.

11.2.5.3. The Ammoudhares Pormation (Fortuin, in prep.) consists of sandy
calcarenites and indurated greyish marls. The Ammoudhares Formation has
been studied in the sections Prina, exposures 248, 263, and Vasiliki, expo-
sures 215-217.

The Prina section contains assemblages of Planorbulinella and Uvigerina,
determined by Fortuin as P. rokae, U. gaulensis and U. praeselliana. They
indicate an age greater than Middle Tortonian. However, an approximately
Middle Tortonian Age is deduced from the planktonic foraminifera in this
section. A similar approximately Middle Tortonian Age is concluded for the
formation in section Vasiliki on the presence of u. selliana, highly developed
P. rokae (Fortuin, in prep.) and the planktonic foraminifera.



II.2.5.4. The Akhladhia Formation (Gradstein, 1973) consists of greyish-blue
fossiliferous marls. The basal part is frequently sandy or silty. The formation
has been studied in section Sikia, exposure 154.

This exposure does not contain uvigerinids; some other samples of this
formation, however, contain assemblages of U. selliana, which might indicate
a Middle Tortonian Age.

II.2.5.5. The Faneromeni Formation (Gradstein, 1973) consists of organic
and organo-clastic limestones and greyish laminated and non-laminated
marls. Two sections, Sikia, exposures 154 and 158-182, have been studied.

After studying a larger number of specimens, Gradstein (pers. comm.)
changed his earlier determination u. lucasi into U. cretensis for the uvigeri-
nids in the basal part of the Faneromeni Formation in section Sikia,
exposure 154. He found the upper part of section Sikia (exposures, 158,
182) to contain assemblages of u. arquatensis, and globorotaliids, considered
to belong to the G. puncticulata and G. bononiensis groups. Hence, this
formation is thought to be of Late Miocene and Pliocene age.

II.3.1. Karpathos (Greece)

Reference: de Vries, 1969, internal report, Utrecht Dept. of Micropaleontol-
ogy.

II.3.1.1. The Pigadia Formation (de Vries, 1969: in Sissingh, 1972) consists-
of clays and marls with some pebble seams. The Pigadia deposits are
fossiliferous: molluscs, bryozoans, echinids and corals. The formation is
restricted to the area of Pigadia. Section Pigadia, exposure 2, has been
studied. For the lithological column and location reference is made to
Sissingh, 1972, p. 24, 26 and fig. 4.

Assemblages of U. arquatensis indicate a Pliocene age. According to
Sissingh the ostracode fauna is characteristic for the U:pper Pliocene.

II.3.2. Italy

II.3.2.1. Section Capodarso (Selli, 1960, 1964, 1971; Colalongo, 1970;
Catalano and Sprovieri, 1971).

Section Capodarso is situated about 15 km southwest of the town of
Enna, north of the old road S.S. Agrigentina, no. 122, in central Sicily.

This section has been sampled by Marks and Tjalsma (1970); the litho-
logical succession will be given below.
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The basal part comprises about 100 m of bluish-green clays and marls (=
marne argillose grigio-azzurrastre of Selli) overlain by 10m of tripoli and 1
to 2 m of limestone, succeeded by a thick gypsum bed with some clayey
intercalations (= gessi inferiori of Selli). Above this gypsum, about 10 m of
clays are exposed (= marne argillose inter media of Selli) overlain by a series
of alternating gypsum and marly clay of about 5 m (= gessi superiori of
Selli), 3 m of poorly exposed sandy clay (= marne argillose superiori of
Selli), and 20 m of trubi. The uppermost part of the section consists of 13 m
of bluish marls (= argille marnose of Selli).

For the lithological column and the position of the samples, reference is
made to fig. 6.

Part of the aforementioned sediment succession at Capodarso, from a level
about 80 m above its base up to the lower gypsum bed, has been designated
by Selli as the lower part of the Messinian neostratotype. The subsequent
interval up to the trubi proved to be not essentially different in lithology
from the middle and upper part of the Messinian neostratotype, defined at
Pasquasia.

On the basis of the planktonic foraminifera, the Pliocene age has been
confirmed for the trubi and the overlying bluish marls.

II.3.2.2. SectionPasquasia (Selli, 1960, 1964, 1971;Colalongo, 1970).
Section Pasquasia is located in Sicily, 3.5 km east of section Capodarso. In

this section, the upper part, i.e. the trubi and part of the overlying bluish
marls, has been sampled by Marks and Tjalsma (1970). The lowermost
sample has been taken 5 m above the upper gypsum bed (= gessi superiori of
Selli). The thickness of the trubi is about 50 m.

For a lithological column and position of the samples, reference is made
to fig. 7.

According to Colalongo (1970), the trubi and the overlying marls are of
Pliocene age.

11.3.2.3. Section Torrente Rossi (Catalano and Sprovieri, 1969, 1971).
Section Torrente Rossi is located immediately east of the town Enna, in

central Sicily.
The section has been sampled by Marks and Tjalsma (1970); it consists of

a series of alternating sandstones, greyish to brownish sandy marls, marls and
tripoli. The thickness is about 60 m.

For the lithological column and position of the samples, reference is made
to fig. 8.

According to Catalano and Sprovieri, this section should be attributed to
the "Saheliano" (sensu Ruggieri, 1969), which is considered the more open



marine equivalent of the Lower Messinian, as defined at Capodarso.

11.3.2.4. Section Cropalati (Ogniben, 1962).
Section Cropalati, immediately north of the village of Cropalati, about

25 km southeast of Rossano (Province of Cosenza), has been sampled by
Meulenkamp and Tjalsma (1968). Geologically, this section is situated in the
northern part of the Crotone basin.

According'to Meulenkam p and Tjalsma, the lithological succession is as
follows: a basal part of sands and conglomerates (= Formazione arenacea-
conglomeratica of Ogniben), on which the village of Cropalati has been
built, overlain by 60 m of well-exposed, bluish marls (= Formazione argil-
lose-marnosa of Ogniben) and succeeded by 6 m of gypsum. After a non-
exposed interval of about 80 m, 60 m dark-coloured marls are in turn
overlain by 5 m of tripoli. The top of the section is com posed of limestones.

On the geological map of Ogniben (1962), a fault has been drawn
immediately northeast of the gypsum outcrop, suggesting a repetition in the
lithological succession of section Cropalati. For the lithological column and
position of samples, reference is made to fig. 9.

According to Ogniben, the section comprises an interval corresponding to
the Middle to Late Miocene.

11.3.2.5. Section Rio Mazzapiedi-Castellania: (Gino, 1953; Gianotti, 1953;
Cita et al., 1965; Vervloet, 1966; Cita and Blow, 1969).

This section, east of Tortona and near Sant' Agata Fossili (Piemont basin),
has been designated as the type locality of the Tortonian Stage (Giannotti,
1953). An account of the planktonic foraminifera was given by Gianotti
(1953), Cita et al. (1965), Vervloet (1966) and Cita and Blow (1969).
Planorbulinella astriki from the middle part of the type section has been
determined by Freudenthal (1969). According to Meulenkamp (1969), the
middle and upper parts (sensu Cita et al., 1965) contain Uvigerina ex. interc.
selliana-cretensis, u. cretensis, and u. ex. interc. cretensis-Iucasi. Some
pertinent planktonic foraminiferal data from our samples will be discussed in
V1.2.

11.3.2.6. Section Tabiano Bagni (Iaccarino, 1967; Gradstein, 1974).
The section Tabiano Bagni, composed of the sections Chiesa Nuova and

East Terme, near Tabiano Bagni (Piemont basin). includes the type locality
of the Tabianian Stage (1accarino, 1967). The lithological details and the
foraminiferal faunas of this section were described by 1accarino (1967).
According to Meulenkam p (1969) the type section contains Uvigerina
arquatensis; the Globorotalia content was given by Gradstein (1974). For a



discussion of some pertinent planktonic foraminiferal data from our samples,
reference is made to V1.5.

11.3.2.7. Section Lugagnano-Castell'Arquato: (Barbieri, 1967).
The blue marls outcropping in the Arda Valley (Piemont Basin) between

Lugagnano and Castell' Arquato were indicated by Pareto (1865) as the type
locality of the Piacenzian Stage (Mayer Eymar, 1858). A different interpreta-
tion on the type section was given by Barbieri (1967), who did not include that
part which is coeval to the Tabianian, i.e. the lower part sensu Mayer Eymar
and Pareto. The top of the type section is overlain by calcarenites of "Astian
facies" and Piacenzian Age (Barbieri, 1967). The foraminiferal fauna was
described by Barbieri (1967). According to Meulenkamp (1969), the type
section (sensu Barbieri: Piacenzian s.s.) contains Uvigerina arquatensis.
Globorotaliids were studied by Gradstein (1974). Some planktonic forami-
niferal data from our samples will be discussed in V1.6.

11.3.3. Malta and Gozo

Reference: Felix, 1973

II.3.3.1. The Greensand (Felix, 1973) partly consists of coarse agglutinated
calcareous sand, with visible quantities of glauconite, in some places with
intercalated clayey sands.

The Greensand has been studied in the upper part of section G 437,
designated by Felix as the type section of the unit. This section of Tad
Dabrani is located on the island of Gozo (northwest of Malta), about 2 km
northeast of the town of Victoria.

Uvigerinids have been determined by Meulenkamp (1969, p. 111). They
belong to U. gaulensis, indicating that the Greensand in section G 437 may
be time-equivalent with the Gavdos Formation on Crete. The planktonic
foraminifera, described by Felix, are additional evidence for this correlation.

11.3.3.2. The Upper Coralline Limestone (Felix, 1973) consists for the
greater part of algal limestone. The Upper Coralline Limestone is studied in
section M 460, designated by Felix as type section of this unit. The section is
located about 2 km northwest of Dingli, on the island of Malta.

Planktonic foraminifera indicate that the Upper Coralline Limestone in
section M 460 may be correlated with the Tortonian.

II.3.4. Southern Spain: western part of the Guadalquivir basin

Reference: Verdenius, 1970



11.3.4.1. The Ecija Formation (Verdenius, 1970, p.35) consists of dark
bluish-grey plastic clays, locally somewhat sandy.

One section has been studied: section Carmona, exposure 219 (Verdenius,
p. 34). The Ecija Formation in section Carmona is conformably overlain by
the Guadaira Formation. The top part of Verdenius' Ecija Formation and his
Guadaira Formation in section Carmona coincide with Perconig's (1968)
type section of the Andalusian Stage, meant to represent the time interval
between" the Tortonian and the Pliocene. For a discussion on the Andalusian,
reference is made to V1.4.

According to Meulenkamp (1969, p. 108), assemblages intermediate be-
tween U. lucasi and u. arquatensis and. assemblages of u. arquatensis indicate
a Pliocene age for the Ecija deposits at Carmona. This age designation is
considered supported by plankton data, collected by Verdenius (p. 50).

11.3.4.2. The Guadaira Formation (Verdenius, 1970, p. 37) consists of yel-
low to rusty brown clastic skeletal limestone. The Guadaira Formation
conformably overlies the Ecija Formation. Only isolated samples were avail-
able.

Meulenkamp (in Verdenius, 1970, p. 53) determined u. arquatensis from
the Guadaira Formation, which would indicate a Pliocene age.

From the planktonic foraminifera, Verdenius (p. 69) assumed a Middle (to
Late?) Pliocene age.

11.3.4.3. The Cuesta del Espino Formation (Verdenius, 1970, p. 53) consists
of alternating sandy and clayey beds, with locally conglomerates.

The Cuesta del Espino Formation has been studied in section 269, located
about 13 km southwest of the town of Cordoba (Verdenius, p. 42), and
from some isolated samples. Verdenius considered the planktonic forami-
nifera indicative for the Middle (to Upper?) Pliocene.

11.3.5.Northern Algeria: Chelifbasin

Reference: Tjalsma and Wonders, 1972; Tauecchio, in prep.

11.3.5.1. The Flatters Formation (provisional name; Tjalsma and Wonders,
1972, p. 71) forms on the map a roughly East - West strip. It consists of
mainly ill-stratified bluish marls, parallel to the northern border of the basin.
Sandstone beds may be intercalated in the middle part of this formation.

For more details concerning the stratigraphic and micropaleontological
investigations of the Chelif basin, reference is made to a forthcoming paper
of Tauecchio.

Four successive samples have been studied (A 52-55; exposures 80-83),



taken by R. Smit (internal report, Utrecht Dept. of Micropaleontology,
1971). They are located at the west side of the road halfway between Urn el
Drou (French name: Ponteba) and Zeboudja (French name: Hanoteau)
(sheet: Oued Fodda, no. 82, 1955).

Some of the classic reference sections of the Sahelian Stage (Brive, 1897)
in the region of the town of Carnot have been studied by Tjalsma and
Wonders (1972) as to their plankton content. The deposits at Carnot are
assigned to the Flatters Formation.

Plankton data indicate a Tortonian Age for these deposits.



The Cretan zonation of planktonic foraminifera is primarily based on
nine, closely sampled sections from Western Crete: N. of Panayia, Ambelos,
Khairetiana (exp. 368), Selli, Vryses, Khairetiana (exp. 292), Asteri, Stavro-
menos and Francocastello II (see fig. 1). These carefully studied sections
jointly cover the greater part of the Late Neogene. Their relative strati-
graphic position follows from field observations, and from the relative age
based mainly on the Planorbulinella and Uvigerina lineages of Freudenthal
(1969) and Meulenkamp (1969), respectively. The stratigraphic order thus
obtained gives a set of successive planktonic foraminiferal zones. This zonal
succession is confirmed and completed by data from additional sections in
central and eastern Crete (see fig. 1).

Examination of the faunal succession shows a significant difference in
faunal composition between the Miocene and Pliocene assemblages. Towards
the end of the Miocene, a fairly large number of taxa definitely disappear
from the record, whereas some others are present since the beginning of the
Pliocene. Some taxa, such as Globigerinoides ruber and Globigerinoides
extremus, are present in Miocene assemblages in minor quantities only, but
constitute a characteristic element of the Pliocene faunas.

The terminology for the zonation follows that of the International Sub-
commission on Stratigraphic Classification (1972). For the Cretan Late
Neogene, eight planktonic foraminiferal zones can be recognized.

The oldest G. continuosa Zone and the youngest G. inflata Zone are
defined as Assemblage-zones. The Sphaeroidinellopsis Zone is an Acme-zone,
characterized by the relative abundance (reflecting environmental condi-
tions) of the nominate taxon. All other zones are Interval-zones, defined by
the appearance of particular index taxa (entry-to-entry).

The selected zonal markers indicate the important role of globorotaliids in
the Cretan biostratigraphy. Only the oldest two zones have been named after
globigerinids, though three successive forms of Globorotalia menardii (forms
3, 4 and 5) can be distinguished in this interval. Because of their discontinu-
ous record, the ranges could not be used.
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6. Fortuin, in prep.: Uvigerina assemblages.



For application of the fairly refined biostratigraphic subdivision of the
Pliocene into four successive zones (the Sphaeroidinellopsis Acme-zone is
thought to be partly coeval with the Globorotalia margaritae Interval-zone),
it must be realized that in most cases these zones cannot be definitely
recognized if the zonal marker is absent. From the accompanying fauna,
only the presence of Globoquadrina altispira, Globorotalia crassaformis, G.
crassacrotonensis or Sphaeroidinella dehiscens gives evidence to decide
whether some association may be -attributed to the Lower or to the Upper
Pliocene. In contrast, changes in the Middle and Late Miocene faunal
composition, as well as trends in some of the species, facilitate the decision
on the biostratigraphic level for Miocene associations without zonal markers.

A particular problem is the definition of zonal boundaries on the basis of
evolutionary appearances. On Crete, this problem was faced with the evolu-
tionary appearance of Globigerina acostaensis, evolving from Globigerina
continuosa. Less certain, in terms of evolution, is the transition from Globo-
rotalia bononiensis into Globorotalia inflata. In both cases, however, there is
an interval in which the assemblages contain types of both the predecessor
and its descendant. In the typological concept the descendant's range begins,
where its type can first be recognized. On the basis of the assemblage
concept, the descendant assemblage begins-later than the appearance of its
type. Thus, the zonal boundary, based on the first evolutionary occurrence
of a certain taxon is in the first case at a lower level, than it is in the second.
In order to be consistent with Blow (1969) the "G. acostaensis datum" was
established at the level at which the first G. acostaensis type can be
recognized. The same definition is applied to the base of the G. inflata Zone.

The distribution of species in the nine detailed sections from western
Crete is plotted in two charts: one for the Province of Rethymnon (fig. 11),
the other for the Province of Khania (fig. 12). It is emphasized that in a
chronostratigraphic sense the record is incomplete in both distribution
charts. This is reflected for instance by the absence of the G. margaritae
Interval-zone and Sphaeroidinellopsis Acme-zone in both figures.

The correlation of the plankton zones with the Planorbulinella and
Uvigerina range-zones and with the ostracode assemblage-zones is shown in
fig. 5. Except for a possible coevality of the upper boundaries of the
Loxoconcha hodonica Zone and the G. conomiozea Zone the boundaries of
different zonations were not found to coincide. For a comparison between
the calcareous nannoplankton zonation, established by Schmidt (1973), and
the planktonic foraminiferal zones, reference is made to a forthcoming paper
of Schmidt and Zachariasse.



Globigerina continuosa Assemblage-zone

Diagnosis: The zone is characterized by the presence of Globigerina con-
tinuosa. It contains the local range of G. continuosa prior to the evolution-
ary appearance of Globigerina acostaensis.

Analysis: This oldest zone is marked at its top by the appearance of G.
acostaensis types, which first occur in assemblages transitional between G.
continuosa and G. acostaensis. The undefined lower boundary is beyond the
interval dealt with in this paper. Significantly different plankton faunas have
not been found in this interval.

The transition from G. continuosa to G. acostaensis has been observed in
the Vasiliki section in eastern Crete. In the uppermost part of section Tefeli,
assemblages of G. continuosa are followed upward by assemblages transi-
tional between G. continuosa and G. acostaensis.

Species not ranging higher than this zone are Globoquadrina dehiscens and
Globorotalia menardii form 3. Accompanying species not confined to this
zone include Globigerina praebulloides, G. bulloides, G. apertura, G. nepen-
thes, G. decoraperta and Globorotalia ventriosa.

Reference section: section Ambelos, exposure 336: Gavdos Formation.

Distribution: The zone is found in the Gavdos Formation in section Ambelos
and the greater part of section N. of Panayia (not in sample G 494 and
higher), the Tefeli Formation in sections Tefeli (lower/middle part) and
Lefkochorion, the Kalamavka Formation in sections Kalamavka and Vasiliki.

Globigerina acostaensis Interval-zone

Diagnosis: Globigerina acostaensis (entry) to Globorotalia conomiozea or
Globorotalia dalii (entry) Interval-zone.

Analysis: The evolution of G. continuosa into G. acostaensis, as observed in
section Vasiliki (see 11.2.5.), takes place via assemblages transitional between
both species. Such assemblages contain types of both species. In the lower-
most samples, G. continuosa types are more common than G. acostaensis
types; in the succeeding assemblages the former is gradually replaced by the
latter. For the sake of convenience, the lower boundary of the G. acostaensis
Zone is defined as coinciding with the first occurrence of the G. acostaensis
type. As a consequence of this definition, it follows that G. continuosa is
still present some distance above the base of the G. acostaensis Zone.



Two successive faunal associations have been recognized within this zone,
a Globorotalia menardii form 4 and a G. menardii form 5 association. They
allow a subdivision of the zone into a lower and an upper part. The
separation line is not distinct because of the discontinuous record of these
two Globorotalia forms in all sections.

Apart from these globorotaliids, the two associations are only slightly
different from each other. Cloborotalia ventriosa, rather primitive forms of
Globigerinaapertura and tightly coiled, 4 to 4.5 chambered specimens of G.
acostaensis do not range above the lower part of the zone. In the upper part,
the humerosa-type of G. acostaensis makes its first appearance.

The remaining fauna is not confined to this zone; it is a characteristic
association for the Upper Miocene in the Mediterranean area, including
Globigerina apertura, G. bulloides, G. falconensis, G. nepenthes, G. deco-
raperta, Globigerinoides bulloideus, G. obliquus and representatives of the
Globorotalia scitula group.

Reference section: section Khairetiana, exposure 368 (except for the top-
most part): Kissamou Formation.

Distribution: The lower part of the zone is found in the lower and middle
parts of the Kissamou Formation in the sections Khairetiana, Potamidha and
Dheliana; the Apostoli Formation in section Selli; the Tefeli Formation in
sections Tefeli (upper part), Kastellios and Chersonisos; the Kalamavka and
the Makrilia Formations in section Vasiliki; the Ammoudhares Formation in
sections Vasiliki and Prina and at least part of the Akhladia Formation in
section Sikia.

The upper part of the zone has been recognized in the middle and upper
parts of the Kissamou Formation in the sections Khairetiana, Potamidha and
Dheliana; the lower part of the Rethymnon Formation in section Selli.

Diagnosis: Globorotalia conomiozea (entry) to Globorotalia margaritae
(entry) Interval-zone.

Analysis: This zone is marked at its base by the appearance of Globorotalia
conomiozea; this is shortly after the last occurrence of Globorotalia menardii
form 5, which determines the upper part of the G. acostaensis Zone.

In some sections in western Crete (Khairetiana, Potamidha and Dheliana)
G. menardii form 5 is immediately succeeded by Globorotalia dalii, whereas
G. conomiozea appeared to be absent. Both G. conomiozea and G. dalii
commence to be present between the appearance levels of the humerosa type



and G. extremus. This may indicate that the appearance level of G. con-
omiozea approximately coincides with that of G. dalii. Further evidence of
near-synchronous appearance levels is supplied by the accompanying Planor-
bulinella assemblages, determined by Freudenthal (1969) as highly devel-
oped P. caneae.

G. conomiozea has never been found together with G. dalii. Even in one
section alternating occurrences of both species are as yet unknown, but this
might be due to incomplete sampling. A certain amount of patchiness for
both species, however, may be assumed. The first appearance of G. dalii may
be a useful marker for recognizing the lower boundary of this zone in
sections in which the nominate species is absent.

Apart from G. conomiozea and G. dalii, marking the base of the G.
conomiozea Zone, and the first appearance of G. extremus in the lower part
of this zone, the faunal content is not significantly different from that of the
preceding G. acostaensis Zone.

In the upper part of this zone the entire planktonic fauna tends to
impoverish; the boundary with the next younger (Pliocene) zone therefore
is hard to define. Actually, in only two sections, Moulete-Tavronites and
Spiliaro, the transition from this zone to the next younger. zone (= Upper
Miocene to Pliocene) may be recognized. In section Spiliaro, characteristic
Pliocene elements, such as Globorotalia margaritae and Globorotalia sub-
scitula, enter an interval with species-restricted faunas which up to that level
are regarded as an uncharacteristic and impoverished G. conomiozea associa-
tion. In ·section Moulete-Tavronites the limit between Upper Miocene and
Pliocene is placed at the first occurrence of G. subscitula and relative
abundant representatives of the genus Sphaeroidinellopsis.

The impoverishment of the fauna, which begins already in the middle part
of the Mylopotamou Formation in section Vryses (see fig. 11), is reflected
by the decreasing number of species. In several cases, these species-restricted
faunas merely consist of a single species, Globigerinoides obliquus, Orbulina
sp., Globigerina quinqueloba or Globigerina bulloides. Samples in this inter-
val may be barren.

In the zone a fairly large number of species either becomes extinct or
disappears from the Mediterranean: Globigerina decoraperta, G. praebul-
loides, Globorotalia conomiozea, G. dalii, G. scitula, G. suterae, as well as
the entire group of Globorotalia menardii.

Reference section: section Selli, exposure 860: Rethymnon Formation.

Distribution: This zone includes: the upper part of section N. of Panayia of
the Gavdos Formation; the upper part of the Rethymnon Formation in



section Vryses; the topmost part of the Kissamou Formation in sections
Khairetiana, Potamidha and Dheliana; the Mylopotamou Formation in sec-
tion Vryses; the Khairetiana Formation in section Khairetiana; the lower and
middle parts of the Parathamna Formation in section Spiliaro; the lower part
of the Faneromeni Formation in section Sikia.

Globorotalia marg~ritae Interval-zone

Diagnosis: Globorotalia margaritae (entry) to Globorotalia puncticulata
(entry) Interval-zone.

Analysis: The zone is rather poorly documented in Crete. In only one
section (Spiliaro) its base has been determined; three other sections (Aitania,
Atsalenio and Moulete-Tavronitis) show the transition from this zone to the
next younger zone. The transition is marked by the first occurrence of
Globorotalia puncticulata.

In section Spiliaro, Globorotalia margaritae, together with Globorotalia
su bscitu la, enters in a species-restricted fauna, which differs from that of the
more characteristic preceding part of the G. conomiozea Zone by the
complete absence of Globigerina decoraperta, G. praebulloides, Globorotalia
conomiozea, G. dalii, G. scitula. G. suterae and the entire group of Globoro-
talia menardii. G. nepenthes seems to continue into this zone; it has not been
found in the younger zones. Representatives of Sphaeroidinellopsis are rarely
present. Shortly before the first appearance of G. puncticulata, the fauna
becomes slightly more diversified. Globigerinoides elongatus, which is a char-
acteristic constituent of post-Miocene Mediterranean faunas, enters in minor
quan tities.

A different transition at the lower boundary of the zone is found in
section Moulete-Tavronitis. G. subscitula and representatives of Sphaeroidi-
nellopsis are added simultaneously to the impoverished and species-restricted
faunas of the uppermost part of the G. conomiozea Zone. Apparently, this
level coincides with that of the first appearance of G. subscitula and G.
margaritae in section Spiliaro. Since in section Moulete-Tavronitis the total
number of representatives of the genus Sphaeroidinellopsis increases rapidly
upward, the entry of G. subscitula and relatively abundant Sphaeroidinel-
lopsis is considered to mark the base of the Sphaeroidinellopsis Acme-zone.

Above this acme in section Moulete-Travronitis and immediately below
the first appearance of G. puncticulata, G. margaritae and G. elongatus are
present in the faunas.

Reference section: The upper part of section Spiliaro, exposure 70AA:
Parathamna Formation.



Distribution: Part of the Tavronitis Formation in section Moulete-Tavronitis
(samples 999~1000 and samples GR 163, GR 179); the upper part of the
Parathamna Formation in section Spiliaro and the lower part of the Parat-
hamna Formation in section Aitania and Atsalenio.

Sphaeroidinellopsis Acme-zone

Diagnosis: The zone is defined by the relative abundance of representatives
of the genus Sphaeroidinellopsis.

Analysis: The upper and lower boundaries of this zone coincide with the
limits of the acme. In Crete the zone has only been observed in section
Moulete-Tavronitis, in which the top of the zone is characterized by a fairly
abrupt decrease in frequency. In some samples representatives of Sphaeroi-
dinellopsis constitute up to 10% of the total fauna. Notwithstanding the fact
that this interval is characterized by the relative abundance of Sphaeroidinel-
lopsis, its frequency shows strong fluctuations. Some samples do not contain
any Sphaeroidinellopsis.

Although its lower boundary seems to coincide with that of the G.
margaritae Zone, the Sphaeroidinellopsis Zone does not extend that high. In
section Moulete-Tavronitis, the Sphaeroidinellopsis acme is succeeded by a
fauna, which contains G. margaritae and G. elongatus; such a fauna is
characteristic of the upper part of the G. margaritae Zone. In our opinion,
the Sphaeroidinellopsis Zone is time-equivalent with the lower part of the G.
margaritae Zone.

It is emphasized that G. subscitula may be used as an additional marker to
recognize the Mediterranean limit between Upper Miocene and Pliocene, i.e.
its first occurrence has been found at the base of both the G. margaritae
Zone and the Sphaeroidinellopsis Zone.

Distribution: The zone is recognized in the Tavronitis Formation in section
Moulete-Tavronitis (samples M 988-991; samples M 993-998 and samples
GR 162, 175-178).

Globorotalia puncticulata Interval-zone

Diagnosis: Globorotalia puncticulata (entry) to Globorotalia bononiensis
(entry) Interval-zone.

Analysis: In contrast to the frequently impoverished and species-restricted
faunas of the G. margaritae Zone, the faunas of the G. puncticulata Zone are
well-diversified. The abundance of Globigerinoides elongatus, G. extremus



and G. ruber and the presence of Globorotalia crassajormis, G. margaritae
and G. subscitula indicate a Pliocene age.

The G. puncticulata Zone can be subdivided into a lower and an upper
part. The lower part is characterized by the joint presence of G. margaritae
and G. puncticulata; the upper part is marked by the absence of the former
species and the partial range of the latter.

It should be kept in mind that conclusions drawn from the absence of a
species may be misleading. This is demonstrated for the lower and middle
part of section Asteri. The presence of G. puncticulata only, suggests that
this part of the Asteri section must be correlated with the upper part of the
G. puncticulata Zone. However, assemblages transitional between U. lucasi
and u. arquatensis (Meulenkamp, 1969) point to a correlation with the
lower part of the G. punticulata Zone (see fig. 5).

In our sections, the last occurrence of G. puncticulata is just below the
first appearance of Globorotalia bononiensis.

Globoquadrina altispira was found to become extinct in the upper part of
the G. puncticulata Zone, shortly before the extinction level of G. punc-
ticulata.

Reference section: section Atsalenio, exposure 70 D: Parathamna Formation.

Distribution: The zone is found in the Tavronitis Formation in section
Moulete-Tavronitis (upper part: from sample M 1001 upward); the Asteri
Formation in section Asteri (lower and middle part); the Stavromenos
Formation in section Fortetsa; the Parathamna Formation in the sections
Aitania, Atsalenio, Voni and Morias; the Faneromeni Formation in section
Sikia (lower part).

Diagnosis: Globorotalia bononiensis (entry) to Globorotalia inflata type
(entry) Interval-zone.

Analysis: The appearance level of Globorotalia bononiensis is just above the
last occurrence of G. puncticulata. In the upper part of this zone G.
crassacrotonensis makes its first appearance, shortly after the last occurrence
of G. crassafo rm is. The genus Sphaeroidinellopsis becomes extinct in the
upper part of the zone.

A transition from G. puncticulata to G. bononiensis, as suggested by
Colalongo and Sartoni (1967) has not been observed on Crete. In the
uppermost part of the G. bononiensis Zone, however, there is some evidence
of a morphological transition from the nominate species to G. inflata.



Reference section: section Stavromenos, exposure 884: Asteri Formation.

Distribution: The zone is recognized in the Asteri Formation in sections
Asteri (upper part) and Stavromenos; the Francocastello Formation in sec-
tion Francocastello II (lower/middle part); the Stavromenos Formation in
section Fortetsa and probably in section Aitania; the Parathamna Formation
in the sections Atsalenio, Gouves and Morias; the Morias Formation in
section Morias; and the Faneromeni Formation in section Sikia (upper part).

Globorotalia inflata Assemblage-zone

Diagnosis: The zone is defined by the presence of the zonal marker.

Analysis: In the upper part of section Francocastello II, some samples
contain assemblages intermediate between G. bononiensis and G. inflata,
suggesting a morphological transition between both species. The transitional
assemblages contain types of both G. bononiensis and G. inflata. Whether
this transition really reflects the evolutionary development towards the
widely distributed G. inflata remains as yet uncertain. Outside Crete, a
transition from G. bononiensis into G. infLata has never been reported. In
order to be consistent with the definition used to distinguish the G. con-
tinuosa/G. acostaensis zonal boundary, the base of the G. inflata Zone is
placed at the first occurrence of the G. inflata type. As a consequence, the
G. bononiensis type is still present some distance above the base of this zone.

As yet, the upper boundary of the G. inflata Zone cannot be determined
in Crete.

Sphaeroidinella dehiscens specimens with broadly everted flanges first
occur in this zone (Tsoutsouras Formation: section Tsoutsouras).

G. extremus, a characteristic faunal constituent of all other Pliocene zones,
is rare in the G. inflata Zone.

Reference section: The upper part of section Francocastello II, exposure 817:
Francocastello Formation.

Distribution: The zone is recognized in the Francocastello Formation in
section Francocastello II (upper part) and in the Tsoutsouras Formation in
section Tsoutsouras.

In the sucessions of assemblages of Globorotalia menardii, Globigerina
acostaensis, Globigerinoides obliquus and Globigerinaapertura some gradual



changes were recognized. These trends were used as an additional tool in
Cretan biostratigraphy.

The major change in the G. menardii group is in the shape of the
chamber outline in spiral view, which shows a modification from elongate to
semicircular. In accordance with the work of Tjalsma (1971), forms 3, 4 and
5 can be distinguished, which in this order are successive in time. They
jointly cover the interval of the G. continuosa and G. acostaensis Zones .
.Form 3 is confined to the G. continuosa Zone; forms 4 and 5 allow a rough
subdivision of the G. acostaensis Zone into a lower and an upper part.

Morphological trends in G. acostaensis mainly consist of an increase in the
number of chambers in the final whorl and a tendency to looser coiling.
Tightly coiled, 4 to 4.5 chambered specimens are present in the lower part of
the G. acostaensis Zone; 5 to 6 chambered, more loosely coiled specimens,
resembling Globigerina humerosa, make their first appearance in the upper
part of the G. acostaensis Zone. These trends have not been found to
continue in the Cretan Pliocene.

In Globigerinoides obliquus, the last chamber becomes progressively
more compressed in a lateral oblique manner, which finally leads to Globigeri-
noides extremus in the G. conomiozea Zone.

A clear trend is displayed in Globigerina apertura. From the G. continuosa
Zone upward a gradual increase in the width and height of the aperture and
in the width of the umbilicus can be discerned. The assemblages of G.
apertura also show an increase in the relative number of individuals with an
obliquely placed final chamber.

For further details on the vertical variation of these species, reference is
made to Chapter VIII.

The coiling pattern of some taxa has proved to be useful in Cretan
biostratigraph y.

From the base of the G. acostaensis Zone upward, the predominant part
of the G. acostaensis assemblages is. sinistrally coiled. In the uppermost part
of the G. conomiozea Zone, a shift to predominantly dextral coiling is
observed, which is maintained upward into the G. inflata Zone.

The coiling direction of Globorotalia menardii form 5 is predominantly
dextral, which is in contrast to the predominantly sinistral coiling of G.
menardii forms 3 and 4.



III.5.l. Planorbulinella

The Cretan Miocene part of the Planorbulinella larvata-lineage, decribed
by Freudenthal (1969), consists of three species, which are successive in
time. Their development is in accordance with the principle of nepionic
acceleration. The species can be determined by calculating the average
number of initial spiral chambers with one stolon only (factor Y of Freuden-
thal). The species have been defined as follows:

P. rokae Freudenthal Y = 6.49 - 5.25
P. astriki " Y = 5.24 - 4.00
P. caneae " Y = 3.99 - 3.00

On Crete, P. rokae has only been found by Freudenthal in sample M 116 of
the Roka Formation (western Crete). The planktonic foraminiferal fauna in
this sample, though extremely poor and badly preserved, contains small
specimens of G. acostaensis, indicating that P. rokae ranges up into the G.
acostaensis Zone. This correlation is confirmed by the joint presence of
phylogenetically highly advanced representatives of P. rokae (Fortuin, in
prep.), G. acostaensis, and G. menardii form 4 in sample Fo 453 of section
Vasiliki (Ammoudhares Formation, Ierapetra District). The last two taxa
together are indicative for the lower part of the G. acostaensis Zone (G.
menardii form 4 association). The concurrence of P. rokae (Y-values as high
as 9) and G. continuosa in sample TA /6 in section Lefkochorion (Tefeli
Formation) indicates that the range of the former species extends downward
into the G. continuosa Zone.

According to Freudenthal, P. astriki is succeeded by P. caneae in the lower
part of the Kissamou Formation in section Khairetiana and in the middle
part of the Apostoli Formation in section Selli (western Crete). In both
sections G. acostaensis and G. menardii form 4 occur together in this
interval, which indicates that P. astriki is confined to the lower part of the G.
acostaensis Zone and that even the transition to the next younger Planor-
bulinella species occurs in this planktonic interval.

Since P. caneae has been determined by Freudenthal from the upper part
of the Rethymnon Formation in section Selli and from the Mylopotamou
Formation in section Vryses (western Crete), this species ranges into the G.
conomiozea Zone.

In fig. 5 the Planorbulinella range-zones are presented opposite the Cretan
planktonic foraminiferal zones.



III.S.2. Uvigerina

Meulenkamp (1969) described two successive Uvigerina lineages from
Neogene deposits of the Mediterranean. Both the u. melitensis and the U.
cretensis - lineages show a distinct trend toward uniserial growth. For each
lineage four successive species were defined on the basis of the mean number
of uniserial chambers (mean of A) and on the character of the uniserial
chambers (S2, calculated from the number of primitive uniserial chambers at

. the ontogenetic stage with two uniserial chambers). The melitensis-lineage
consists in time order of u. pappi, U. melitensis, U. gaulensis and u. felixi;
the cretensis-lineage comprises U. selliana, U. cretensis, U. lucasi and u.
arquatensis. Recently Fortuin (1974) described u. praeselliana, a species
which precedes the first member of the cretensis-lineage.

In western Crete the highest representatives of the melitensis-lineage were
found together with primitive assemblages of the cretensis-lineage in the
basal part of the successions of the marine Neogene. In this area, u. felixi
occurs together with U. selliana in the lower and middle parts of the
Apostoli Formation. No older representatives of the melitensis-lineage have
been reported by Meulenkamp from western Crete. However, in the Iera-
petra area (eastern Crete) U. gaulensis and u. melitensis were observed, in
part of the samples accompanied by u. praeselliana (Fortuin, 1974). Fur-
thermore, u. gaulensis has recently been found in the Gavdos Formation
(Gavdos island).

Figure S shows the correlation of our Cretan planktonic foraminiferal
zones and the Uvigerina range-zones.

In sections Ambelos and N. of Panayia (Gavdos Formation) G. con-
tinuosa, G. dehiscens and G. menardii form 3 occur together with U.
gaulensis of the melitensis-lineage. In sections Tefeli and Lefkochorion
(Tefeli Formation, central Crete), G. continuosa is accompanied by primitive
U. selliana. In the Ierapetra area G. continuosa may be present together with
U. gaulensis, u. felixi, U. praeselliana or with primitive assemblages of u.
selliana. From these data it may be concluded that u. gaulensis and U.
praeselliana do not reach the top of our G. continuosa Zone.

In section Selli (western Crete), the middle part of the Apostoli Forma-
tion contains U. felixi (Meulenkamp, 1969). This appears to be the strati-
graphically highest known level thus far. Since samples below and above this
level contain assemblages of G. menardii form 4, U. felixi apparently ranges
into the lower part of the G. acostaensis Zone.

None of our samples contained assemblages transitional between U. sel-
liana and u. cretensis. However, in the higher part of section Selli (Rethym-



non Formation, Meulenkamp, p. 75), U. cretensis is found at the appearance
level of G. conomiozea; this suggests that the transition between both
Uvigerina species takes place in the upper part of the G. acostaensis Zone.
Higher up, the u. cretensis Range-zone is found to coincide with a substantial
part of the G. conomiozea Zone.

Assemblages intermediate between u. cretensis and U. lucasi have been
reported by Meulenkamp from the topmost part of section Selli (Rethym-
non Formation) and from the middle part of section Vryses (Mylopotamou
Formation). These assemblages are accompanied by G. conomiozea and G.
extremus in still well-diversified planktonic faunas; this indicates that the
lower boundary of the range of u. lucasi is somewhere in the middle part of
the G. conomiozea Zone.

Assemblages intermediate between u. lucasi and u. arquatensis were
found in the basal part of the Stavromenos Formation (central Crete) and in
the lower and middle parts of the Asteri Formation of section Asteri
(western Crete). The composition of the accompanying planktonic foramini-
feral fauna is indicative for the lower part of the G. puncticulata Zone.

U. lucasi thus may range from some level in the G. conomiozea Zone
through the G. margaritae Zone into the G. puncticulata Zone. U. arquaten-
sis is still frequent in the Upper Pliocene of Crete (G. inflata Zone); the
scarcity of this species in the Pleistocene of Rhodos (Meulenkamp, pers.
comm.) suggests that the cretensis-lineage extends still higher.

1II.5.3. Ostracodes
A tentative ostracode biozonation, primarily based on Cretan material, has

been presented by Sissingh (1972). The recent distribution of ostracodes is
strongly controlled by depositional environment; for this reason he proposed
a threefold zonation: one for brackish water, one for shallow marine and one
for deeper, more open marine environments. The Neogene faunas of a
deeper, more open marine environment can be grouped in four successive
zones, from bottom to top: the Cytheretta semiornata Assemblage-zone, the
Cytherella vandenboldi Assemblage-zone, the Aurila convexa emathiae
Assemblage-zone, and the Urocythereis margaritifera margaritifera Assem-
blage-zone. These four zones, however, do not completely cover the Late
Neogene interval. The uppermost Miocene sediments, deposited in shallow
marine environments, are included in the Loxoconcha hodonica Assem-
blage-zone.

A comparison between the ostracode zonation and the planktonic forami-
niferal zones is based on the sections used both by Sissingh (1972) and by



the present author. Fig. 5 shows the correlation of our planktonic foramini-
feral zones and the ostracode zones.

The Cytheretta semiornata Zone was found by Sissingh in section
Ambelos (Gavdos Formation, Gavdos island); its upper boundary was estab-
lished in the Apostoli Formation in section Apostoli. The joint presence of
G. menardii form 4 and G. acostaensis at this level indicates that this zone
may be correlated with the G. continuosa Zone and the lower part of the G.
acostaensis Zone.

The Cytherella vandenboldi Zone comprises the Kissamou Formation in
section Khairetiana, whereas the next younger Loxoconcha hodonica Zone is
found in the Khairetiana Formation in section Khairetiana. In terms of our
planktonic foraminiferal zones, the former can directly be correlated with
the greater part of the G. acostaensis Zone and the lower part of the G.
conomiozea Zone; the latter corresponds to the upper part of the G.
conomiozea Zone.

The boundary between the two ostracode zones cannot accurately be
placed in our planktonic foraminiferal zonation; it is plausible, however, that
the onset of the impoverishment in our planktonic foraminiferal faunas in
the upper part of the G. conomiozea Zone approximately coincides with an
increasing influence of "paratethyan" shallow water ostracodes, which, ac-
cording to Sissingh, marks the base of the Loxoconcha hodonica Zone.

The Pliocene Aurila convexa emathiae Zone was determined by Sissingh in
the Asteri Formation (sections Asteri and Stavromenos) and the lower-
middle part of the Francocastello Formation (section Francocastello II). It
corresponds to the G. puncticulata, G. bononiensis and the lower part of the
G. inflata planktonic foraminiferal zones.

The presence of Cytherella terquemi, Bradleya? sp., and Krithe monoster-
acensis in our reference section of the G. margaritae Zone (section Spiliaro)
(Sissingh, pers. comm.) may indicate that this zone corresponds to the lower
part of Sissingh's Aurila convexa emathiae Zone.

The uppermost Pliocene Urocythereis margaritifera margaritifera Zone has
been determined in Crete only in the upper part of the Francocastello
Formation (section Francocastello II), which in terms of our plankton
zonation belongs to the G. inflata Zone.

III.5.4. Pliocene Globorotalia

In his study on Pliocene Globorotalia, Gradstein (1974) proposed a
threefold subdivision of the Cretan Pliocene. He found the assemblages of
the G. margaritae and G. puncticulata groups followed upward by those of



the G. bononiensis group, which in turn are succeeded by those of the G.
inflata group.

In terms of planktonic foraminiferal zones, Gradstein's Lower Pliocene
interval, which was recognized a.o. in the sections Asteri (Asteri Formation)
and Sikia (Faneromeni Formation), corresponds to our G. puncticulata
Zone. The next younger interval, found by Gradstein in the sections Asteri,
Stavromenos (Asteri Formation), Francocastello II (Franco castello Forma-
tion) and Sikia (Faneromeni Formation), is considered to be equivalent to
our G. bononiensis Zone. The G. inflata Zone can be correlated to Grad-
stein's Upper Pliocene interval.

The disappearance level of G. margaritae which is now used to subdivide
the G. puncticulata Zone into a lower and an upper part, was reported also
by Gradstein.

The presence of G. margaritae prior to the first occurrence of G. punctic-
ulata, which marks the G. margaritae Zone, is not distinct in Gradstein's
sections.

III.6. THE BIOSTRATIGRAPHIC POSITION OF THE MIOCENE-PLIOCENE BOUNDARY ON
CRETE

As a result of the changes in environmental conditions connected with the
Messinian salinity crisis of the Mediterranean area, the planktonic foramini-
feral fauna starts to impoverish in the upper part of the G. conomiozea
Zone. This impoverishment is indicated by species-restricted faunas, which in
several cases consist of no more than a single species. These conditions
persist into the G. margaritae Zone, in which G. margaritae is thought to
enter the area from the Atlantic (see also IV.S.2.). At one locality the G.
margaritae Zone is preceded by an interval in which representatives of the
genus Sphaeroidinellopsis occur in relative abundance. From the topmost
part of the G. margaritae Zone the fauna becomes rapidly well diversified,
and several new elements appear: G. puncticulata, G. crassaformis and G.
elongatus. These taxa are commonly considered to be characteristic of the
Pliocene in the Mediterranean. On the other hand, many taxa which are
characteristic constituents of Late Miocene faunas in the Mediterranean,
such as Globogerina decoraperta, G. praebulloides, Globorotalia conomiozea,
G. dalii, G. ventriosa, G. suterae, G. scitula, G. gigantea and the entire G.
menardii group, do not reappear.

The Miocene-pliocene boundary has therefore to be looked for in the
interval between the onset of the impoverishment of the Late Miocene
plankton faunas and the introduction of well-diversified Pliocene ones.



In Crete mainly limestones and laminated to non laminated marls were
deposited during this interval. However, gypsiferous deposits, conglomerates,
and marl-breccias occur as well. These sediments are generally rather poorly
exposed, and continuous sections, covering the interval, are hardly available.
Although disconformities may be present, the successions at some localities
suggest a fairly continuous sedimentation.

This impoverished-entry to impoverished-exit interval is found in the
entire Mediterranean. In order to define the Miocene-pliocene boundary
more precisely within this interval, a conspicuous paleontological event has
been looked for. In terms of planktonic foraminifera the boundary is marked.
according to many authors, by the "exceptional" abundance of represen-
tatives of the genus Sphaeroidinellopsis. In the literature it has been men-
tioned that either this acme precedes the first occurrence of G. margaritae
(e.g. Bizon, 1967; Bizon, et al., 1968) or this species accompanies the acme
(e.g. Borsetti, et al., 1968; Colalongo, et al., 1972; Cita, 1973). According to
some authors (e.g. Barbieri, 1971; Bizon, 1972), the boundary is marked by
the appearance of G. margaritae, without a preceding Sphaeroidinellopsis
acme.

The absence of a Sphaeroidinellopsis acme has lead to the assumption of a
hiatus in Barbieri's biostratigraphic succession (e.g. Crescenti, 1971).

Summarizing, the base of the Pliocene is generally marked either by a
Sphaeroidinellopsis acme with or without G. margaritae, or by the first
occurrence of G. margaritae.

The controversy as to which of these events is decisive in recognizing the
boundary may be reduced to the question whether the Sphaeroidinellopsis
Acme-zone is of applicable chronostratigraphic significance. According to
Barbieri (1971) and Bizon (1972), the Sphaeroidinellopsis Acme-zone must
be considered as an ecozone of local importance only.

The meaning of this interpretation is that at one locality the Sphaeroi-
dinellopsis acme may mark the base of the Pliocene, whereas at another
place the beginning of G. margaritae may indicate this level.

On Crete, the Miocene-pliocene boundary has been studied in two sections
only. In section Moulete-Tavronitis, the basal part consists of sands and silts
containing a very impoverished plankton fauna; some samples are barren.
Conglomerates overlying the sands and silts contain marly intercalations in
the upper part, containing an upward rapidly increasing number of speci-
mens of Sphaeroidinellopsis, accompanied by G. subscitula. The next higher
marls contain relatively abundant Sphaeroidinellopsis specimens (up to 10%
of the total fauna). After a fairly abrupt decrease, Sphaeroidinellopsis is still
present in minor quantities, accompanied by G. margaritae. Somewhat



higher follows the first G. puncticulata. The base of the Pliocene in this
section is considered to coincide with the base of the Sphaeroidinellopsis
acme.

In section Spiliaro (reference section of the G. margaritae Zone), marls,
with an intercalated marl-breccia, contain an impoverished plankton fauna.
Some meters above the marl-breccia, at a level where no disconformity could
be detected, G. margaritae and G. subscitula are entering together. A
Sphaeroidinellopsis acme has not been observed; the base of the Pliocene in
this section is thought to be indicated by the first occurrence of G. margari-
tae.

It cannot be completely excluded that the levels equated to the base of
the Pliocene in these two sections are slightly different in age, i.e. younger in
the latter section because the Sphaeroidinellopsis acme might be absent due
to a hiatus. However, there is no lithostratigraphic evidence in the section to
support such an alternative viewpoint.

It is to be emphasized that in both sections G. subscitula is present at the
level considered to represent the base of the Pliocene. For future correlations
the appearance level of this species may become a useful indicator for the
Miocene-pliocene boundary.

Representatives of the genus Sphaeroidinella have not been found, neither
in section Moulete-Tavronitis nor in our sections of the trubi of Sicily. In
extra-Mediterranean biostratigraphy the first occurrence of this genus is used
as a marker for the Miocene-pliocene boundary.



In order to evaluate to which extent the Cretan zonation, the trends
observed in some of the taxa, and the marked changes in coiling pattern, are
recognizable outside Crete, 13 sections from other parts of the Mediterra-
nean area have been investigated.

The extra-Cretan sections are located on the Greek island of Karpathos,
on the Malthese islands, in Italy, southern Spain and in northern Algeria (see
fig. 4). For a review of lithologic details and relative ages according to the
original authors, reference is made to chapter II. The sections Rio Mazza-
piedi-Castellania, Tabiano Bagni and Lugagnano-Castell' Arquato will be
discussed in chapter VI.

Except for southern Spain, the Late Neogene faunal composition and
development in the areas is not significantly different from that in Crete.
Special attention has been paid to the Globorotalia content of the sections,
since in Crete, the Late Miocene could be well characterized by keeled
globorotaliids.

Although correlations with other parts of the Mediterranean area are
primarily based on the planktonic foraminifera, representatives of the genera
Planorbulinella and Uvigerina have been taken into consideration as well.

Data on Maltese Planorbulinella and Uvigerina have been published by
Freudenthal (1969, p.80) and Meulenkamp (1969, p. 111), respectively.
Uvigerina values from southern Spain (Guadalquivir basin) have been
previously published by Meulenkamp (1969, p.108), Verdenius (1970,
p. 53) and Tjalsma (1971, p. 114). A Planorbulinella assemblage from the
last area and assemblages of uvigerinids from Karpathos, Italy (section
Capodarso and section Rio Mazzapiedi-Castellania) and northern Algeria
have been determined by the present author.

Uvigerina assemblages of the final development levels of the cretensis
lineage are found to accompany planktonic zones in southern Spain and
northern Algeria, which contain more primitive Uvigerina species in Crete
and Italy (see fig. 10).



1V.2.1. Karpathos

Some 14 samples have been studied from the Pigadia Formation in section
Pigadia. For a review of the lithological details of the section, see 11.3.1.1.
and Sissingh (1972).

The planktonic foraminiferal fauna is indicative for the Pliocene in the
Mediterranean area, because it contains abundant Globigerinoides elongatus,
G. extremus and G. ruber, as well as rare Globorotalia subscitula. The
Pliocene age of these sediments is confirmed by the presence of Uvigerina
arquatensis. Some samples in the upper part of the section contained
assemblages of Globorotalia crassacrotonensis, in Crete found in the upper
part of the G. bononiensis Zone and in the next younger G. inflata Zone.

The scarce G. extremus allows a correlation with the Cretan G. inflata
Zone.

This is corroborated by the ostracode fauna of the section, included by
Sissingh (1972) in his Urocythereis margaritifera margaritifera Zone, placed
in the Upper Pliocene.

The dextral Globigerina pachyderma, recorded by Sissingh, must be con-
sidered a dextrally coiled Globigerina acostaensis.

1V.3.1. Section Capodarso (Sicily)

Some 24 samples have been studied from theCapodarso section in central
Sicily. A lithological column showing the position of the sampIes is given in
fig. 6; see also 11.3.3.2.

Part of the section has been designated by Selli (1960) as the lower part of
the Messinian neostratotype, the lower boundary of which has been placed
approximately 25 m below the tripoli, in the bluish-green marls.

All samples of the marls, underlying the tripoli, contain a well-diversified
planktonfauna, with amongst others: Globigerinoides extremus and predom-
inantly sinistral Globigerina acostaensis. Humerosa-types are found through-
ou t this interval.

Four samples have been obtained from the Tortonian part of the marls.
The lowermost samples (JT 997 and 996) contained keeled globorotaliids.
The assemblage of JT 997 has been determined as Globorotalia menardii
form 4. This form and Globorotalia conomiozea are both present in sample



JT 996. Uvigerinids from this sample have been assigned to Uvigerina selliana
(1\ = 1.98; Sz = 90). From the three samples (JT 993, 979, 978) from the
Messinian part of the marls, only JT 979 appeared to contain keeled globoro-
taliids, determined as G. conomiozea. Three samples (JT 977-975) of the
tripoli are barren or have a species-restricted fauna. The fauna of sample
JT 977 consists of Orbulina specimens and Globigerina quinqueloba, whereas
JT 976 mainly contains G. acostaensis, including frequent humerosa-types.
The latter assemblage is found to be coiled predominantly dextrally, indi-
cating a shift in the coiling direction between the marls and the tripoli from
predominantly sinistral to predominantly dextral.

All four samples (JT 974, 992-990) from the interval in between the
tripoli and the trubi are barren.

From the trubi, with a measured thickness of about 20 m., five samples
(JT 989-985) have been studied. The planktonic foraminiferal fauna
throughout this interval appears to be rather species-restricted, although
containing some Pliocene elements, such as Globorotalia margaritae, G.
puncticulata and Globigerinoides elongatus, G. margaritae is present in the
lowermost sample; the succeeding samples contain abundant G. puncticulata
next to G. margaritae, whereas G. elongatus is scarce only. In all samples of
the trubi, Sphaeroidinellopsis specimens are relatively rare. Their relative
frequencies never exceed 2% of the total fauna.

The trubi is overlain by about 13 m of bluish marls from which five
samples (JT 984-980) have been examined. Except for the lowermost
sample, the faunas are well-diversified, containing amongst others abundant
Globigerinoides elongatus, G. extremus, G. ruber and Globorotalia punc-
ticulata. G. margaritae appears to be absent.

In the trubi as well as in the overlying bluish marls the coiling of G.
acostaensis is predominantly dextral.

The composition and succession of the planktonic foraminiferal faunas in
section Capodarso are corresponding fairly well to those in the interval from
the G. acostaensis Zone up to the G. puncticulata Zone on Crete. A notable
difference, however, is observed in the succession of keeled globorotaliids in
the two areas. On Crete, G. conomiozea appears subsequent to the disappear-
ance of Globorotalia menardii form 5; in section Capodarso it is present in
association already with G. menardii form 4, whereas form 5 is lacking. This
discrepancy may be variously explained by the following assumptions:
1. G. conomiozea appears in Sicily at a level stratigraphically lower than in

Crete.
2. G. menardii form 4 is surviving much longer in central Sicily than in Crete.

This assumption leads to the following:
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3. The range and distribution of G. menardii form 4 and G. menardii form 5
are ecologically controlled.
In the case of the last two assumptions the interval of G. menardii form 4

in central Sicily might correspond to that of G. menardzi form 5 on Crete.
The following data from the accompanying planktonic foraminiferal fauna in
the Capodarso section are strongly in support of these two assumptions.

In section Capodarso, G. menardii form 4 is accompanied by G. extremus
and by humerosa - types of G. acostaensis. On Crete humerosa - types first
occur in the interval of G. menardii form 5 (upper part of the G. acostaensis
Zone). G. extremus appears in Crete still later, in the G. conomiozea Zone.
Apparently, G. menardii form 4 is accompanied in the Capodarso section by
forms whIch in Crete appear definitely above the highest occurrence of this
taxon or that of G. menardii form 5. Moreover, the joint presence of G.
menardii form 4 and G. conomiozea in sample JT 996 is accompanied by a
fairly highly developed u. selliana assemblage. On Crete, such assemblages
have not been found associated with G. menardii form 4; they occur at
somewhat higher stratigraphic levels. Whether G. menardii form 4 is lingering
on in central Sicily or that the absence of G. menardii form 5 is due to
environmental conditions cannot be decided. It seems justified, however, to
assume that the interval up to the first occurrence of G. conomiozea (sample
JT 996) corresponds to the upper part of the Cretan G. acostaensis Zone.

The next younger biostratigraphic interval extends from the level of
sample JT 996 to the base of the trubi. The interval is delimited by the
successive appearances of G. conomiozea and G. margaritae. In terms of the
Cretan zonal scheme, this interval corresponds to the G. conomiozea Zone.

The lower part of the Messinian stratotype thus ,approximately corre-
sponds to the middle to upper part of the G. conomiozea Zone. Evidence of
this correlation is the observed change of coiling direction in G. acostaensis,
on Crete observed in the upper part of the G. conomiozea Zone.

The G. margaritae Zone, as delimited on Crete by the successive appear-
ance levels of G. margaritae and G. puncticulata, is recognized in the very
basal part of the trubi (JT 989). G. elongatus is not yet present, but appears
in minor quantities at the base of the interval considered to be coeval with
the Cretan G. puncticulata Zone. This interval is between sample JT 988 and
the top of the sampled Capodarso section. On Crete, the G. puncticulata
Zone has been subdivided into a lower and an upper part. The lower part is
characterized by the joint presence of G. margaritae and G. puncticulata,
whereas in the upper part the former is absent. A similar subdivision can be
established in the Capodarso section, since G. puncticulata is accompanied
by G. margaritae only in the lower part of its range.
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Unlike on Crete, G. puncticulata is not accompanied in the lower part of
its range by abundant G. elongatus and G. ruber, which are both rather rare.
The planktonic foraminiferal content of the Messinian neostratotype has
previously been studied by Colalongo (1970), who considered the composite
type section to belong entirely to the Globorotalia tumida plesiotumida
Zone. Although the nominate subspecies is said to be absent in the lower
part of the stratotype at Capodarso, its first occurrence is supposed to mark
the base of the Messinian on the basis of observations in other localities. A
similar view is held by Catalano and Sprovieri (1971). Colalongo subdivided
the stratotype into two subzones: the Orbulina suturalis/Globigerinoides
obliquus extremus Subzone is found in the lower part at Capodarso, and
contains G. conomiozea; the Globigerina dutertrei/Globigerina helicina Sub-
zone comprises the middle and upper parts of the stratotype, as defined at
Pasquasia.

As the Globorotalia tf,l,mida plesiotumida Zone was defined by Colalongo
by the successive appearances of the nominate subspecies and of G. mar,{{a-
ritae, this zone is considered to cover the middle and upper part of our G.
conom iozea Zone (see fig. 6).

IV.3.2. Section Pasquasia (Sicily)

Some 27 samples have been studied from the trubi and overlying bluish
marls. The sediments overlie those of the Messinian neostratotype, the
middle and upper parts of which have been designated by Selli (1960) at
Pasquasia. The upper boundary of the Messinian coincides with the base of
the trubi.

Fig. 7 shows the lithological column with the position of the samples; see
also 11.3.3.3.

The planktonic foraminiferal faunas of the lower and middle parts of the
trubi prove to be rather species restricted. Globorotalia margaritae appears in
the lower-middle part, at the level of sample JT 1005. Sphaeroidinellopsis
specimens are relatively common in the lower part of the trubi, whereas they
are rather scarce in the higher strata. G. margaritae could be traced up to
sample JT 1018 in the upper part of the trubi. In the upper part of its range
it is accompanied by Globigerinoides elongatus, which startsin minor quanti-
ties but rapidly becomes abundant. Approximately at the appearance level of
G. elongatus, the planktonic fauna becomes fairly well diversified. Globoro-
talia puncticulata enters slightly below the disappearance level of G. margari-
tae. Globoquadrina altispira is found up to and in the uppermost sample
JT 1024 in the section.



Globigerina acostaensis is predominantly dextrally coiled throughout the
interval.

The G. margaritae Zone, as defined on Crete, is recognized at Pasquasia in
the interval between JT 1005 and JT 1017 (fig. 7), i.e. from the first
occurrence of G. margaritae to the appearance of G. puncticulata. The
interval below the first occurrence of G. margaritae may be characterized by
the relatively common occurrence of Sphaeroidinellopsis specimens (the
relative frequency varies from 0.5% to 6.5% of the total fauna), and is
therefore considered to be analogous to the Cretan Sphaeroidinellopsis
Acme-zone. Globorotalia subscitula is scarce in this interval.

In two samples (JT 1017 and 1018), G. puncticulata is accompanied by
G. margaritae. On Crete, the co-occurrence of both species marks the lower
part of the G. puncticulata Zone. The upper part of this zone,characterized
by the nominate species only, is recognized in the uppermost part of the
trubi and in the overlying bluish marls.

Although G. puncticulata is absent in the topmost sample JT 1024,
G. altispira indicates that the fauna may be assigned to the upper part of the
G. puncticulata Zone, since on Crete this species disappears slightly below
the upper boundary of this zone.

According to Colalongo (1970), the trubi and the overlying bluish marls in
section Pasquasia are included in the Globorotalia margaritae Zone. It must
be pointed out that this author reported both G. puncticulata and G. mar-
garitae from a level immediately below the base of the trubi. This would
imply that both species appear already in the uppermost part of the Messi-
nian neostratotype. Colalongo therefore placed the lower boundary of the
Globorotalia margaritae Zone below the Miocene-Pliocene boundary (Cola-
longo, et al., 1972).

Colalongo's observations could not be confirmed, as no samples from this
interval at Pasquasia were at our disposal. During an excursion in 1974,
Drooger (pers. comm.) reported the interval between the trubi and topmost
gypsum beds to consist of an ill-exposed "mixture-zone". Samples from the
corresponding interval at Capodarso are barren.

Three successive subzones in the Pliocene interval at Pasquasia were
recognized by Colalongo et al. (1972): a Sphaeroidinellopsis Subzone, a
Globorotalia hirsuta praehirsuta Subzone, and a Globorotalia puncticulata
Subzone. The correlation between these subzones and the zones recognized
at Pasquasia is tentative. This is mainly caused by the absence of a clear
description of G. hirsuta praehirsuta in the paper of Colalongo et al. The
definition of the subzones also lacks clarity. It is suggested by Colalongo, et
al. that the boundaries coincide with the first occurrences of the index taxa.



Since Colalongo (1970) and Colalongo et al., (1972) reported G. punc-
ticulata already from below the trubi, it remains indistinct how the base of
the Globorotalia puncticulata Subzone is marked in the upper part of the
trubi.

IV.3.3. Section Torrente Rossi (Sicily)

13 samples have been studied from the section Torrente Rossi in central
Sicily.

A lithological column with the position of the samples is presented in
fig. 8; see also II.3.3.3.

Four samples appeared to contain keeled globorotaliids. Samples JT 1044
and JT 1045 contained assemblages of Globorotalia menardii form 4;
Globorotalia conomiozea has been determined in the samples JT 1043 and
JT 1038. Globigerinoides extremus and humerosa-types occur throughout
the section, except in the very basal part (sample JT 1049). Globigerina
acostaensis is predominantly sinistrally coiled.

In accordance with our observations at Capodarso, Globorotalia menardii
form 5 is absent. The concurrence of G. extremus and humerosa-types with
G. menardii form 4 in this section once more corroborates the assumption
that either the latter taxon is lingering on in Sicily or that the absence of
G. menardii form 5 is due to environmental conditions (see also IV.3.1.).

In terms of Cretan planktonic foraminiferal zones the lower part of the
section, i.e. the interval up to the appearance level of G. conomiozea, may be
correlated with the G. acostaensis Zone. Except for the very basal part, in
which humerosa-types are absent, this interval may correspond to the upper
part of this zone. Noticeable is the presence of G. extremus prior to the first
G. conomiozea; on Crete, this is shortly after the appearance of G. conomio-
zea.

From the concurrence of G. conomiozea and predominantly sinistral
G. acostaensis it follows that the upper part of the section corresponds to
the lower to middle part of the G. conomiozea Zone.

According to Catalano and Sprovieri (1969,1971), the section should be
assigned to the "Saheliano" . In the opinion of the authors the "Saheliano"
(originally introduced by Ruggieri, 1969) represents the more open marine
equivalent of the Lower Messinian, as defined at Capodarso. Biostratigraph-
ically the section Torrente Rossi was included in their Globorotalia tumida
plesiotumida Zone.

As we have concluded that the lower part of the Messinian stratotype may
be correlated with approximately the middle to upper part of the G. cono-



mlOzea Zone (see fig. 8), it follows that only the uppermost part of the
section Torrente Rossi is· of Messinian Age. The predominantly sinistrally
coiled G. acostaensis indicates that this uppermost part corresponds to the
lowermost part of the Messinian stratotype, i.e. the marls underlying the
tripoli at Capodarso. Hence, the idea that the "Saheliano" (Sub)Stage might
be a more open marine equivalent of the Lower Messinian is not substanti-
ated by our observations.

Globorotalia tumida plesiotumida, listed by Catalano and Sprovieri from
this section, has not been found.

IV.3.4. Section Cropalati (southern Italy)

From section Cropalati 19 samples have been studied. A lithological
column with the position of the samples is shown in fig. 9; see also 11.3.3.4.

A repetition in the lithological succession is concluded from the geological
map of Ogniben (1962), and is confirmed by the distribution of keeled
globorotaliids.

In the lower part of the section, four assemblages of Globorotalia
menardii form 4, obtained from samples]T 675-673, 671, are succeeded by
an assemblage of Globorotalia conomiozea. The latter is found in sample
]T 670, approximately 3 m. below a thin gypsum bed. The plankton faunas
from the interval up to sample ]T 670 are moderately diversified. Coiling in
Globigerina acostaensis is predominantly sinistral. G. menardii form 4 is
accompanied by Globigerinoides extremus and humerosa-types. G. extremus
again appears prior to G. conomiozea.

As at Capodarso and Torrente Rossi, Globorotalia menardii form 5 is
absent in section Cropalati; G. menardii form 4 is immediately succeeded by
G. conomiozea again.

In terms of Cretan biostratigraphy, the lower part of the section may be
correlated with the G. acostaensis Zone and the G. conomiozea Zone.

In the upper part of section Cropalati, a similar succession of keeled
globorotaliids is observed. Assemblages from samples ]T 668 and ]T 666
have been determined as G. menardii form 4, and G. conomiozea has been
found in sample JT 665.

In contrast to our observations on the planktonic foraminiferal fauna in
the lower part of the section, the faunas in the upper part are gradually
diminishing, and in sample JT 662 planktonics are totally absent.

G. acostaensis has been traced up to sample JT 664; the assemblages are
predominantly sinistral. G. menardii form 4 is accompanied by G. extremus
and humerosa-types, indicating that this association can best be correlated
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with the upper part of the G. acostaensis Zone. The uppermost part of the
section, from the first occurrence of G. conomiozea upwards, is considered
to correspond to part of the G. conomiozea Zone.

Six planktonic zones have been mentioned by Felix (1973) for the
Oligo-Miocene deposits of Malta and Gozo.

From the uppermost two zones, named after Globigerina continuosa and
G. acostaensis respectively, the faunas have been examined in some detail.
The faunas of the Globigerina continuosa Zone were examined from three
samples (G 437-28/30) of the Greensand in section G 437, and the faunas
of the Globigerina acostaensis Zone from the uppermost Greensand (sample
437-31) and the Upper Coralline Limestone in section M 460 (samples
M 460 AA/M).

For a detailed description of location and position of the samples, see
Felix (1973) and also II.3.4.

In Malta, G. continuosa is found immediately above the last occurrence of
Globigerina siakensis.

As in Crete, coiling of G. continuosa is predominantly dextral. The joint
presence of G. menardii form 3 and G. continuosa confirms the Cretan data;
Globoquadrina dehiscens is absent in the Maltese Globigerina continuosa
Zone.

Although in Malta, G. continuosa is followed upwards by G. acostaensis,
transitional forms have not been found. This may be due to gaps in the
record (Felix, 1973). G. acostaensis is predominantly sinistrally coiled. The
concurrence of this species and G. menardii form 4 is again in accordance
with our observations in Crete.

Evidently, the Maltese Globigerina continuosa Zone corresponds to the
Cretan G. continuosa Zone. The presence of u. gaulensis in this interval,
both in Crete and in Malta (Meulenkamp, 1969, p.111), confirms the
correlation.

Only the basal part of the Maltese Globigerina acostaensis Zone contains a
relatively diversified planktonic fauna. Because of the concurrence of
G. menardii form 4 and primitive representatives of Globigerina apertura and
Globigerinoides obliquus, this fauna corresponds to the one found in the
lower part of the Cretan G. acostaensis Zone. Higher samples of the Maltese
Globigerina acostaensis Zone in the Upper Coralline Limestone contain a
poor planktonic foraminiferal fauna, preventing a more precise correlation
with Crete.
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IV.5.l. Eastern Guadalquivir basin

Tjalsma's data (1971) are of great importance for correlating the Guadal-
quivir Neogene with the planktonic faunal successions of the intra-Mediter-
ranean Younger Tertiary.

A succession of five forms of Globorotalia menardii has been described by
Tjalsma. They jointly cover the chronostratigraphical interval from approxi-
mately the Upper Serravallian up to the Middle Tortonian. Tjalsma's forms
3, 4 and 5 are of special interest, since they have been recognized in Crete as
well.

The distribution of G. menardii form 3 and Globorotalia gigantea delimits
the range of Tjalsma's planktonic association, named after these two species.
A characteristic constituent of the association is Globigerina aff. pachyderma
(op. cit., p. 69). Examination of Tjalsma's material learns that assemblages of
this taxon fit well into the range of variation of our Cretan Globigerina
continuosa. As a consequence, Tjalsma's Globorotalia gigantea/Globorotalia
menardii form 3 association may be correlated with that of the Cretan
G. continuosa Zone. Although on Crete Globoquadrina dehiscens is found
only is this zone, Tjalsma records this species both below and above the
range of his G. aff. pachyderma.

The next younger Spanish association is defined by the joint presence of
G. menardii form 4 and Globigerina globorotaloidea (= G. acostaensis, see
systematic description VIII.5.). On Crete, this concurrence marks the lower
part of the G. acostaensis Zone. In Crete, Globorotalia ventriosa is restricted
to this interval, but is reported by Tjalsma from higher stratigraphic levels as
well. A transition from G. continuosa into G. acostaensis, as present in Crete,
was not observed in Spain. This is certainly due to the incomplete record,
indicated by Tjalsma in his fig. 26.

The youngest association in the eastern part of the Guadalquivir basin is
defined by the concurrence of Globorotalia menardii form 5 and G. globoro-
taloidea (= G. acostaensis). This association may correspond to that of the
upper part of the Cretan G. acostaensis Zone. The correlation is supported
by the presence of humerosa-types in part of the Spanish assemblages.
G. acostaensis is coiled predominantly sinistrally; this is consistent with out
Cretan data.

IV.5.2. Western Guadalquivir basin

Planktonic foraminifera from the western Guadalquivir basin have been



studied by Verdenius (1970).
The data presented by Verdenius indicate that an important part of the

Neogene succession of this area is younger than that of Tjalsma's eastern part
of the basin. The Ecija, Cuesta del Espino and Guadaira Formations he
considered to be Pliocene in age. The planktonic foraminiferal faunas of
these three formations are ascribed to three associations: Globorotalia
merotumida/Globorotalia margaritae; Globorotalia merotumida/Globorotalia
crotonensis and Globorotalia crotonensis/Globorotalia tumida plesiotumida
(op. cit., fig. 5), placed in this order.

As emphasized already by Tjalsma (p. 113), the three associations could
not be correlated with any of the associations in the eastern Guadalquivir
basin; they are considered to belong to a younger faunal succession, which
for the greater part is missing in the eastern part.

According to Tjalsma (1971), Verdenius' Globorotalia acostaensis /Globi-
gerina bulloides s.s. association, which precedes his Globorotalia merotu-
mida/Globorotalia margaritae association and which is found in part of the
Chaves Formation, must be the equivalent of the Globorotaliagigantea/
Globorotalia menardii form 3 association (op. cit., p. 114) in the eastern
Guadalquivir basin.

Examination of some relevant samples of the Chaves Formation seems to
confirm Tjalsma's interpretation. The samples contain assemblages of
G. menardii form 3 and Globigerina continuosa G. acostaensis, identified in
the samples by Verdenius, had better be placed in G. continuosa. Hence,
Verdenius' assumption of a hiatus between the deposits with his G. acostaen-
sis/G. bulloides s.s. association (our G. continuosa Zone) and those with his
G. merotumida/G. margaritae association, can be substantiated. In the
eastern Guadalquivir basin, the equivalent of this hiatus must contain the
interval covered by the joint ranges of Globorotalia menardii forms 4 and 5.

From the correlations it may be concluded that:
1. both the G. gigantea/G. menardii form 3 association (Tjalsma) in the

eastern Guadalquivir basin and the G. acostaensis/G. bulloides s.s. associa-
tion (Verdenius) in the western part may be correlated with the Cretan
G. continuosa Zone.

2. it is quite plausible that the interval in the eastern Guadalquivir basin,
marked by the successive ranges of G. menardii forms 4 and 5, corre-
sponds to the G. acostaensis Zone in Crete; it has not been found in the
western Guadalquivir basin.

3. Verdenius' three youngest associations apparently represent parts of a
younger planktonic foraminiferal succession, which is for the greater part
missing in the eastern part of the basin.



Specially these younger assoClatlOns have been re-examined as to their
planktonic foraminiferal composition for a possible correlation with the
Cretan zonal scheme.

Special attention was given to the Ecija Formation in section Carmona and
in some isolated localities elsewhere. The planktonic content of the Ecija
Formation is attributed by Verdenius to his G. merotumida/G. margaritae
association, named after the joint presence of both species.

In accordance with Verdenius' data, G. margaritae is present in small
numbers in the lowermost sample of the Carmona section and becomes
frequent in the middle part. The examination of his G. merotumida assem-
blages showed them to fit perfectly well in the range of variation of our
Globorotalia dalii, the type locality of which is in the Carmona section
(Perconig, 1968). These different determinations for similar assemblages are
certainly due to differences in species concept and/or appreciation. In our
opinion the name G. merotumida had better not be used for these Spanish
forms.

Hence, according to our determinations, G. dalii and G. margaritae occur
together in Verdenius' association in the Ecija Formation at Carmona, and in
some other localities in the area.

As this association must be considered younger than Tjalsma's youngest
association, G. menardii form 5 is followed upwards by G. dalii (= G.
merotumida of Verden ius) also in the Guadalquivir basin; a gap between
their reported ranges cannot be excluded.

The planktonic foraminiferal faunas of the Guadaira Formation, overlying
the Ecija Formation at Carmona, are included in Verdenius' G. crotonensis/
G. tumida plesiotumida association, his youngest in the western Guadalquivir
basin. It would be different from that found in the Ecija Formation by the
addition of the following new elements: Globorotalia tumida plesiotumida,
G. crotonensis, G. crassaformis and Candeina nitida.

Studying Verdenius' material leads to a different interpretation of the first
three taxa. According to Verdenius, assemblages of G. tumida plesiotumida
are accompanied by assemblages of G. merotumida. Both groups of assem-
blages have been found to intergrade in most samples. In our opinion, these
inter grading assemblages again fit perfectly well in the range of variation of
G. dalii. G. crotonensis and G. crassaformis have not been found. As
reworked Paleogene Globorotalia specimens are present in nearly all samples
of the Guadaira Formation, Verdenius probably mistook some of them for
G. crotonensis and G. crassaformis.

Apart from Candeina nitida, the planktonic foraminiferal fauna of the
Guadaira Formation is not essentially different from that of the underlying



Ecija Formation. Actually, both faunas can best be characterized by the
joint presence of G. dalii and G. margaritae. This seems inconsistent with the
distribution of both species, as observed in Crete, Italy and Algeria, where G.
margaritae invariably starts at a stratigraphical level (Lower Pliocene) higher
than that of G. dalii, which is restricted to the uppermost Miocene.

Evidence of a diachronous horizon of first occurrences of G. dalii in Spain
and in Crete might be inferred from the uvigerinids. Assuming the Uvigerina
range-zones to be synchronous over the entire length of the Mediterranean,
the joint presence of u. arquatensis and G. dalii in Spain may indicate that
the latter ranges into the U. arquatensis Range-zone, whereas in Crete G.
dalii does not extend its range beyond the u. lucasi Range-zone. Apparently,
the range of G. dalii in Crete would indicate a definitely lower interval than
it does in Spain.

The uvigerinids, accompanying G. menardii form 5, the range of which
precedes that of G. dalii both in Spain and in Crete, suggests that also G.
menardii form 5 reaches to a distinctly higher level in Spain than in Crete.
The top of its interval coincides approximately with the lower part of the U.
cretensis Range-zone in Crete, whereas in Spain (Tjalsma, p. 115) its top is
higher, in the U. lucasi Range-zone. In Spain, also G. menardii form 4
appears to be accompanied by U. lucasi, which in Crete is found at distinctly
higher planktonic levels.

Summarizing, it might be concluded that the successive ranges of G.
menardii forms 4 and 5 and G. dalii are later in Spain than in Crete.

Alternatively, it may be suggested that the Globorotalia ranges are syn-
chronous, as a result of which the ranges of the Uvigerina species will be
diachronous. In other words, the evolution in the cretensis-lineage would be
parallel in Spain and in Crete, but not contemporary in its successive steps.

At first sight the joint presence of G. margaritae and u. arquatensis seems
to contradict this assumption, as both in Crete and in Italy these two species
are found together in the Pliocene. On the other hand, two arguments may
be presented in favour of a possible diachronous Uvigerina evolution in
Spain.

Firstly, in one sample of the eastern Guadalquivir basin (sample 196 G of
the Arjona Formation, see Tjalsma, 1971, fig. 25) G. menardii form 5 is
accompanied by an assemblage of Planorbulinella caneae, with a mean value
of parameter Y of 3.21 (N = 14). Comparison with Y values from Crete
learns that this value approximately corresponds to those given by Freuden-
thal (1969) for the upper part of the Kissamou Formation and the lower
part of the Rethymnon Formation, also an interval with G. menardii form 5.
The Planorbulinella assemblage suggests that the ranges of G. menardii
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form 5 in Spain and in Crete are more or less contemporaneous (see also
fig. 10).

Secondly, the succession of G. menardii forms 4 and 5 and G. dalii in
Spain is accompanied by a planktonic foraminiferal fauna similar to that
accompanying the same succession in Crete. In Crete, humerosa-types appear
within the range of G. menardii form 5, whereas G. extremus appears in the
G. dalii interval. The same holds true for Spain, though G. extremus makes
its weak appearance already near the top of the range of G. menardii form 5.
In Crete, G. dalii is accompanied by several taxa, which become extinct prior
to the first occurrence of G. margaritae, such as Globigerina praebulloides,
G. decoraperta, Globorotalia conomiozea, and G. scitula. Within the range of
G. margaritae, several new taxa appear: Globigerinoides elongatus, Globoro-
talia puncticulata, G. subscitula and G. crassaformis. In Spain where G. dalii
is found together with G. margaritae, none of these species have been found
which accompany G. margaritae on Crete. Actually found are Globigerina
praebulloides, G. druryi, G. decoraperta, Globorotalia gigantea and G.
scitula. This again may indicate the ranges of G. dalii in Spain and in Crete to
be more or less contemporaneous.

Data obtained from Planorbulinella and associated planktonic foramini-
fera thus seem to indicate that the ranges of G. menardii forms 4 and 5 and
of G. dalii in Spain and in Crete are more or less synchronous. If this
conclusion is accepted, the evolution of the uvigerinids in Spain must be
running ahead of that in Crete.

Although the discrepancy in the combinations of uvigerinids and plank-
tonic foraminifera in Spain andin Crete may be explained by differences in
speed in the Uvigerina development, the joint presence of G. dalii and G.
margaritae in Spain still seems to contradict the last assumption. Since it has
been made acceptable that the ranges of G. dalii in Spain and in Crete are

Fig. 10 Diagram of the relation between the planktonic zones and the evolutionary stages of
Planorbulinella and Uvigerina, based on samples from which combinations of data could be
derived. For each point the index taxon of Globorotalia is shown by an abbreviation. The
vertical scale gives the stages of developmen t in the Uvigerina range zone lineages and the
Planorbulinella range zone lineage, based on calculated mean values for selected parameters.
These data are partly quoted from Freudenthal (1969), Meulenkamp (1969), Verdenius
(1970), Tjalsma (1971), Gradstein (1973, 1974), Felix (1973) and Fortuin (in prep.). Placing
of the samples along the horizontal axes is approximative within the limits of the individual
planktonic zones.
Note the diachronous evolution in the cretensis lineage in Spain - Algeria and Crete - Italy.
The abbreviations referring to Globorotalia taxa are as follows:
3 = G. menardii form 3 d = G. dalii p = G. puncticulata
4 = G. menardii form 4 c = G. conomiozea b = G. bononiensis
5 = G. menardii form 5 m = G. margaritae i = G. inj7ata



approximately contemporary, G. margaritae must have entered the record in
Spain at a definitely lower level than in Crete. Since G. dalii marks in Crete
the Late Miocene, G. margaritae must have started its range in Spain already
during that time. The accompanying planktonic foraminifera, such as G.
praebu llo ides, G. druryi and G. gigantea, which are generally accepted to
become extinct in the Late Miocene, confirm this assumption. In the
Atlantic, G. margaritae has, moreover, been reported from the Late Miocene
by several authors (i.a!. Parker, 1967,1973; Blow, 1969; Berggren, 1973).
Also a sample of Leg 14 (142/-/2/45-47 cm), received from Berggren and
according to this author of Late Miocene age (Zone N17), contains weakly
keeled G. margaritae.

If the Guadalquivir basin is considered to be an Atlantic embayment
during the Latest Miocene, as suggested already by Perconig (1968), the
diachroneity in the appearance level of G. margaritae between this area and
the Mediterranean basin may be explained by a deteriorated or interrupted
connection between both areas. After the re-establishment of a good connec-
tion between both areas at the beginning of the Pliocene, G. margaritae
could enter the Mediterranean basin. The presence of G. dalii in the Latest
Miocene of both the Guadalquivir basin and the Mediterranean basin suggests
that G. dalii started its range already before the deteriorated connection
between both areas. This assumption implies that the joint presence of G.
dalii and G. margaritae must be preceded in Spain by an interval in which the
latter species is not yet present. An indication of such an interval is found in
the planktonic foraminiferal faunas of the Cuesta del Espino Formation near
Cordoba (some 80 km east of Carmona), in which G. margaritae is absent,
but the presence of G. dalii is well established.

The planktonic faunal association in the upper part of the Cuesto del
Espino type section is considered by Verdenius to be equivalent to that of
his Guadaira Formation at Carmona. The planktonic faunas of the lower part
are included in his G. inerotumida/G. crotonensis association, the strati-
graphic position of which was thought to be intermediate between those of
his G. merotumida/G. margaritae association (Ecija Formation at Carmona)
and his G. tumida plesiotumida/G. crotonensis association (Guadaira Forma-
tion at Carmona).

Examination of Verdenius' material learns that the planktonic faunas
from the Cuesta del Espino section are similar to those in both other
associations. G. crotonensis was not found, and assemblages of G. merotu-
mida and G. tumida plesiotumida again may be considered to fit in better
with G. dalii. G. margaritae is absent in this section. Also some isolated
samples from the underlying Ecija Formation near Cordoba contain G. dalii



without G. margaritae. The absence of the latter suggests that the associa-
tions found in the Ecija and Cuesta del Espino Formations near Cordoba are
older than those of the Ecija Formation farther West, near Carmona. This
suggestion would fit in with the ideas on the basin development by Tjalsma
(1971, p.125), in which he concluded that the higher, near-horizontal
formations become younger from east to west.

The sum of the data from the Guadalquivir basin shows similarities as well
as discrepancies in comparison with Crete.

Similarities have been found in the successive ranges of G. menardii
forms 3, 4 and 5 and G. dalii, which both in Spain and in Crete occur in this
stratigraphic order. Their ranges are thought to be more or less contempora-
neous in both areas. The composition and development of the accompanying
planktonic foraminiferal faunas are similar in both areas. Only Candeina
nitida, G. margaritae and G. druryi are not known from the Cretan Late
Miocene faunal succession; Globorotalia conomiozea is absent in the Guadal-
quivir basin.

Discrepancies appeared in:
1. the diachronous evolution of the U. cretensis lineage in both areas (see

fig. 10).
2. the diachronous appearance of G. margaritae in both areas.

In Crete, as well as in several other parts of the Mediterranean basin, a
shift in coiling direction of G. acostaensis, from predominantly sinistral to
predominantly dextral, can be observed in the Latest Miocene. In Spain, the
coiling pattern appears to be less uniform. G. menardii forms 4 and 5 are
accompanied by predominantly sinistrally coiled G. acostaensis. The same
holds true for the Cuesta del Espino Formation near Cordoba. The coiling
pattern begins to fluctuate in the Ecija Formation in section Carmona, and
seems to become predominantly sinistral again in the Guadaira Formation.
This is considered not to be in contradiction with the proposed Late
Miocene age of the Cuesta del Espino Formation near Cordoba and of the
Ecija and Guadaira Formations near Carmona.

A Late Miocene age, assigned to the Carmona section, is well in accor-
dance with the opinion of Perconig (1964, 1966, 1968), who designated in
this section the stratotype of the Andalusian Stage, meant as a substitute for
the Messinian Stage. For a discussion concerning the Andalusian Stage,
reference is made to VIA.



From the Chelif basin, only four samples were studied, one of which is of
special interest. Since this area is subject of a more detailed study, we refer
to the forthcoming paper of Tauecchio for further stratigraphical and micro-
paleontological information.

The four samples studied (A/52 - A/55) are from the Flatters Formation
between the villages Urn el Drou and Zeboudja (see also 11.3.5.1.). Only
sample A/55 contained a significant planktonic foraminiferal fauna, which
consists amongst others of Globorotalia dalii, G. suterae, G. scitula, Globi~
gerinoides extremus, Globigerina decoraperta, and G. acostaensis (including
humerosa-types). The coiling of G. acostaensis is predominantly sinistral.

Associated with this planktonic foraminiferal assemblage are representa-
tives of Uvigerina, determined as U. arquatensis The presence of this species
in a Late Miocene planktonic foraminiferal fauna is consistent with the data
from the Guadalquivir basin (southern Spain, see IV.5) and is opposed to the
Pliocene range of this species, reported by Meulenkamp (1969) from Crete
and Italy.

Globorotalia margaritae, in the Guadalquivir basin associated with G. dalii,
has not been found in these samples.



In fig. 5 the zonal schemes of Bizon (1967), Cita (1973) and Blow (1969)
are compared with the Cretan zones. Correlations considered to be reliable

, are indicated by continuous lines, tentative correlations by dotted lines.
The zonations of Bizon and Cita, based on land-sections in western Greece

and on cores recovered from the Mediterranean Sea respectively, compare
very well with the Cretan zonation. Correlation with Blow's standard zona-
tion, which was primarily based on rich, tropical planktonic foraminiferal
faunas, is not so distinct because of the fairly indigenous character of the less
diversified Mediterranean faunas.

A comparison is based on the published data only. Most of Bizon's zones
are characterized by definite associations of species. The zonal boundaries
commonly coincide with multiple appearance and/or disappearance levels of
individual taxa. Differences in species concept may account for some of the
disparity with our zonal succession, though regional faunal developments
may playa role as well.

The lowermost biostratigraphic interval in Crete is defined by the range of
Globigerina continuosa, which is not reported by Bizon from western
Greece. Globigerina acostaensis, which in Crete is used to define the top of
the G. continuosa Zone, starts its range in the top part of the Globorotalia
mayeri Zone in western Greece. Our G. continuosa Zone thus would roughly
correspond to the G. mayeri Zone of Bizon. Further evidence for this
correlation is the joint presence of Globoquadrina dehiscens and Globoro-
talia menardii praemenardii in the G. mayeri Zone. On Crete, G. dehiscens
and forms similar to G. praemenardii (i.e. Globorotalia menardii form 3) are
restricted to the G. continuosa Zone.

The G. acostaensis Zone, which in Crete succeeds the G. continuosa Zone,
is thought to be comparable to Bizon's Globorotalia menardii s.s. Zone.



According to Mrs. Bizon, the base of her zone is marked by the first
occurrence of Globorotalia menardii s.s. and of Globorotalia acostaensis. On
Crete, the latter species marks the base of the G. acostaensis Zone; typical
representatives of G. menardii (i.e. Globorotalia menardii form 4) first occur
approximately at this level. Near the top of the G. menardii s.s. Zone, Bizon
reported the conspicuous appearance of planoconvex representatives of the
menardii-group (determined as Globorotalia menardii miocenica), forms
which may be compared to Globorotalia conomiozea, the appearance of
which on Crete marks the upper boundary of the G. acostaensis Zone.

Globorotalia lenguaensis, which is rare in Bizon's G. menardii S.s. Zone, is
as yet unknown from Crete, in contrast with the observations of de Bruyn,
Sondaar and Zachariasse (1971), who reported this species from the lower •
part of the G. acostaensis Zone in section Kastellios Hill; these forms must
be considered as juveniles of Globorotalia ventriosa.

A fairly plausible correlation can be made between the Cretan G. cono-
miozea Zone and the Globorotalia menardii miocenica Zone in western
Greece, both covering the Uppermost Miocene. The base of the two zones is
marked by the first occurrence of planoconvex globorotaliids. The top of the
G. menardii miocenica Zone is characterized by the extinction of Globoro-
talia scitula gigantea, Globigerina nepenthes and representatives of the G.
menardii-group, together with the beginning of the peak occurrence of
Sphaeroidinellopsis. On Crete, the upper boundary of the G. conomiozea
Zone is defined either by the peak occurrence of Sphaeroidinellopsis or by
the appearance of Globorotalia margaritae. Although we found G. nepenthes
to continue its range into the G. margaritae Zone (Lower Pliocene), represen-
tatives of the G. menardii group disappear near the top of this zone. Further
evidence for the correlation of the G. menardii miocenica Zone and the G.
conomiozea Zone is the appearance of Globigerinoides extremus (;= G.
adriaticus sensu Bizon) in both zones. A significant impoverishment in the
planktonic foraminiferal faunas, which in Crete starts within the G. cono-
miozea Zone, is reported by Bizon from the G. menardii miocenica Zone as
well. Globorotalia miozea saphoae, described by Bizon from the G. menardii
miocenica Zone, has not been found in Crete. However, similar planoconvex,
encrusted forms are an integral part of an assemblage of G. conomiozea, just
below the Messinian neostratotype at Capodarso (see also VIII.5.).

According to Bizon, the basal Pliocene in western Greece is characterized
by the peak occurrence of Sphaeroidinellopsis, followed by the appearance
of G. margaritae. On Crete, the base of the Sphaeroidinellopsis acme and the
first occurrence of G. margaritae are considered to be (pene )contempora-
neous. In both areas the basal Pliocene comprises a Sphaeroidinellopsis Zone



and a G. margaritae Zone. Both zones are successive in western Greece,
whereas in Crete they are thought to cover nearly the same range (the top of
the G. margaritae Zone is slightly higher than the top of Sphaeroidinellopsis
acme). In both areas, the first occurrence of Globorotalia puncticulata marks
the top of the G. margaritae Zone. In 1972, Bizon left the Sphaeroidinel-
lopsis Zone out of her zonal scheme. In her new concept the G. margaritae
Zone is the first zone to be recognized in the Pliocene; the Sphaeroidinel-
lopsis acme is considered to have local significance only. The contempora-
neous appearance of G. margaritae and Globigerinoides elongatus in western
Greece is in contrast with our findings in Crete; here G. elongatus appears
later, in the uppermost part of the G. margaritae Zone. Together with G.
elongatus, Globigerinoides ruber becomes a characteristic faunal constituent
in Crete; in western Greece the G. ruber group is only of subordinate
importance in the Pliocene faunas.

On the basis of the first occurrence of G. puncticulata at their lower
boundaries, the G. puncticulata Zones of both areas are the same as to their
lower parts. Their upper boundaries, however, cannot be determined exactly.
Bizon defined this boundary by the extinction of G. puncticulata, whereas in
Crete the entrance of Globorotalia bononiensis has been used; the latter has
not been reported by Bizon. Since in Crete the last occurrence of G.
puncticulata is just below the appearance level of G. bononiensis, it is
reasonable to assume that our Cretan G. puncticulata Zone extends to a
slightly higher stratigraphic level than the G. puncticulata Zone of Bizon.
The joint presence of G. margaritae and G. puncticulata in its lower part is in
perfect agreement with our data from Crete; the same holds true for the
extinction of Globoquadrina altispira and the first occurrence of Globoro-
talia crassaformis in this zone.

The interval delimited by the last occurrence of G. puncticulata and the
first occurrence of Globorotalia inflata covers Bizon's Globorotalia crassa-
formis Zone, which is nearly the same as our G. bononiensis Zone.

The last zone recognized in the Pliocene of both areas is the G. inflata
Zone, the base of which is marked by the first occurrence of the nominate
species. According to Bizon, Pulleniatina d. primalis and Sphaeroidinella
dehiscens dehiscens start their range in this zone. Representatives of the
genus Pulleniatina are as yet unknown in Crete.

The presence of Sphaeroidinella dehiscens with broad, everted flanges
agrees with our Cretan data. The presence of representatives of S. dehiscens
immatura reported by Bizon (1972) in the Lower Pliocene could not be
substantiated by observations in Crete.



The planktonic foraminiferal zonation for the Mediteranean Pliocene,
proposed by Cita (1973), is based on sediments from cores recovered during
Leg. 13 of the DSDP in the Tyrrhenian Sea. Six zones were distinguished by
Cita in the Pliocene. Comparison of these zones with those established on
Crete is facilitated by good documentation and definitions in accordance
with the rules recently proposed by the International Subcommission on
Stratigraphic Classification (Hedberg, ed.; 1972).

In the cored sequences, Globorotalia margaritae is one of the most
conspicuous Lower Pliocene indices. Cita reported evolutionary trends to be
recognizable in its successive assemblages. The most obvious changes consist
of an increase in size and the development of a subcircular equatorial outline
of the test from an elongate outline. Some other trends concern the height
of the spiral side and the peripheral character. On the basis of this evolution,
she distinguished three subspecies: G. margaritae primitiva, G. margaritae s.s.
and G. margaritae evoluta. In the DSDP cores, G. margaritae s.s. appears to
be gradually replaced upward by G. margaritae evoluta. The range of G.
margaritae primitiva is not so clear. This subspecies is observed in the G.
margaritae s.s. Zone, but the type level of the subspecies (DSDP Core
132-14, CC) is in the highest part of the range of G. margaritae s.l. (G.
margaritae evoluta Zone). The DSDP data show that G. margaritae primitiva
does not occur until shortly after the Sphaeroidinellopsis acme, which also
applies to G. margaritae s.l. It is not understood why G. margaritae primitiva
should be considered the first member of the G. margaritae lineage, as
suggested by the name. Its type level is the same as that of the final member
of the lineage, G. margaritae evoluta. Biostratigraphically, G. margaritae
primitiva seems to be meaningless in the Mediterranean area.

Cita stated in her new proposed deep-sea Mediterranean zonation, that the
G. margaritae Total-range zone is "a sort of superzone" and corresponds in
range to the lower three Pliocene zones plus an undefined interval of Late
Miocene age (op cit., p.1350; fig. 15). Although it is accepted that G.
margaritae ranges that low outside the Mediterranean (e.g. Guadalquivir
basin, see also IV.5.2.), this probably does not hold true for the Mediterra-
nean area proper. Most authors have not reported G. margaritae until the
beginning of the Pliocene (i.al. Bizon, 1967, 1972; Bizon et al., 1968;
Bertolino et al., 1968; D'Onofrio, 1968 and Barbieri, 1971). Hence, from the
literature as well as from the DSDP data it appears that the G. margaritae
Total-range zone of Cita in the Mediterranean can be no more than a partial-
range zone. For the Mediterranean area Cita considers the possibility of a



Late Miocene age for the initial part of the range on the basis of a few
occurrences of G. margaritae reported by some Italian authors from the Late
Miocene.

The Sphaeroidinellopsis a-cme would fall within Cita's -G. margaritae
Total-range zone. It is remarkable that neither in the literature nor in the
DSDP data G. margaritae s.l. has been reported as associated with the acme.
The contemporaneity of the Sphaeroidinellopsis acme and G. margaritae is
hard to evaluate, the more so, since in only one of the cores (132-12-2) all
the mentioned foraminiferal zones are represented.

On Crete, the base of the Pliocene is marked by the (pene)contempora-
neous occurrence of either the peak of Sphaeroidinellopsis or the appearance
of G. margaritae, each one accompanied by G. subscitula.

In the Sphaeroidinellopsis Acme zone, Cita noted forms referable to G.
scitula and to the genus Sphaeroidinella (i.e. S. dehiscens immatura). As may
be inferred from her fig. 6, pI. 4, p. 1373, the former species is similar to our
Globorotalia subscitula (distinctly lobulate equatorial outline, small size, and
relatively large interpore distance). Forms referable to Sphaeroidinella have
not been found in Crete.

Although the evolution of G. margaritae s.s. into G. margaritae evoluta
could not be clearly recognized in Crete, both of Cita's successive lineage
zones can be easily correlated with our Cretan zonal scheme. According to
Cita, the G. margaritae evoluta Zone can be identified by the concurrent
range of G. margaritae s.l. and Globorotalia puncticulata. On Crete such a
concurrence marks the lower part of the G. puncticulata Zone. Thus, the
three lower Pliocene zones of Cita correspond to the Cretan Sphaeroidinel-
lopsis Acme zone, the G. margaritae Zone and the lower part of the G.
puncticulata Zone.

The next higher Sphaeroidinellopsis subdehiscens Zone of Cita covers the
interval with the zonal marker from the extinction horizon of G. margaritae
s.l. to the extinction horizon of Sphaeroidinellopsis. Since in Crete the last
occurrence of Sphaeroidinellopsis is near the middle of the G. bononiensis
Zone, the Sphaeroidinellopsis subdehiscens Zone may correspond to the
upper part of the G. puncticulata Zone plus the lower part of the G.
bononiensis Zone. If this correlation is correct (a diachronous extinction of
Sphaeroidinellopsis can not be discarded), the extinction levels of Globo-
quadrina altispira in the DSDP succession and in Crete are not synchronous.
Cita reported this level from the topmost part of the Sphaeroidinellopsis
subdehiscens Zone, which we prefer to correlate with the lower part of the
G. bononiensis Zone in Crete. Actually, G. altispira disappears already on
Crete in the upper part of the G. puncticulata Zone.



The two next younger zones recognized by Cita in the Upper Pliocene
DSDP successions, the G. obliquus extremus and the G. inflata Zones,
cannot be precisely correlated with the Cretan scheme. Apparently, the
extinction level of G. obliquus extremus has been used to define the
boundary between the two zones; this level is said to coincide approximately
with the first occurrence of Globorotalia inflata. Although in Crete, G.
extremus strongly decreases in frequency approximately at the appearance
level of the G. injiata type, the species still persists in our Cretan G. inflata
Zone. Therefore, the base of Cita's G. inflata Zone might refer to a definitely
higher level than the base of our Cretan G. inflata Zone.

A detailed zonation for the Late Middle Eocene to Recent interval was
presented by Blow in 1969. The zones are designated by the nominate taxon
names as well as by a number and letter prefix, as introduced by Banner and
Blow, 1965. This number scheme is generally accepted as a standard plank-
tonic foraminiferal zonation.

Although Blow's zonation is well documented, the considerable number
of new taxa, and the phylogenetic relationships proposed, have caused some
confusion.

Another serious handicap in correlating our Cretan zones to Blow's zonal
scheme is due to the fact that Blow primarily based his zonation on faunal
successions from tropical environments. Today's Mediterranean contains an
eastward extension of the subtropical North Atlantic faunal zone (Be and
Hamlin, 1967), intermixed with some colder water forms transported by the
Canary Current. No pertinent data seem to have been published on Late
Neogene faunas with respect to present-day latitudinal zonation; the faunas
probably lived in a similar, more or less subtropical environment.

The provincial and subtropical nature of the Mediterranean Late Neogene
planktonic associations prevents a precise correlation of the Cretan zonation
with that established by Blow. A direct correlation is considered possible
only for the evolutionary appearance of Globigerina acostaensis. Although
not explicitly mentioned, Blow apparently based the evolutionary develop-
ment of Globigerina acostaensis from Globigerina continuosa, on the first
occurrence of G. acostaensis types in assemblages with still prevailing repre-
sentatives of G. continuosa. The first occurrence of such types is used by
Blow to define the Globorotalia continuosa (N15 )/Globorotalia acostaensis
acostaensis-Globorotalia merotumida (N16) zonal boundary. On Crete, the



same definition is applied to distinguish the G. continuosa and G. acostaensis
Zones. Hence, the interval on Crete, prior to the first G. acostaensis types,
corresponds to Zone N1S; the lower part of Zone N16 is com pared to the
lower part of the Cretan G. acostaensis Zone.

Stratigraphically higher, the G. acostaensis Zone and Zone N16 are less
well comparable. The top of the Cretan zone is marked by the first occur-
rence of Globorotalia conomiozea, whereas the top of Zone N16 is defined
by the evolutionary appearance of Globorotalia tumida plesiotumida. Blow
indeed reported Globorotalia crassula conomiozea from the uppermost
Miocene, but his description and figures show this taxon to be dissimilar
from G. conomiozea in the sense of Kennett, 1966.

G. tumida plesiotumida could not be recognized in our Cretan faunal
succession; the same holds true for Globorotalia merotumida. Apart from
the absence of G. conomiozea (sensu Kennett, 1966) in Blow's faunal record
and the absence of both G. merotumida and G. tumida plesiotumida on
Crete, also the associated fauna of Zone N16 does not allow a more precise
correlation with the Cretan G. acostaensis Zone.

The first evolutionary appearance of Globigerina humerosa may probably
be used for correlating the higher part of Zone N16 with the higher part of
the G. acostaensis Zone. As noted by Blow, G. humerosa is found in the
upper part of Zone N16, below the base of Zone N17. Although in the Late
Neogene of Crete the evolutionary lineage from G. acostaensis via G.
humerosa to G. dutertrei (or its counterpart in temperate waters: G. eggeri)
could not be completely traced, humerosa-types occur in the upper part of
the G. acostaensis Zone. Thus, on the basis of these humerosa-types, the top
part of the G. acostaensis Zone may be correlated with the higher part of
Zone N16. It should be kept in mind, however, that the appearance level of
this taxon might be diachronous.

As G. margaritae starts its range in the upper part of Zone N16, to become
common in Zone N17, the N16/N17 zonal boundary is thought to corre-
spond to a level somewhat above the first occurrence of G. dalii as found in
the Guadalquivir basin. This level has been equated to the base of the Cretan
G. conomiozea Zone (IV.S.2.).

As a result, there are two possibilities to compare the Cretan Late Miocene
planktonic faunal succession with Blow's standard scheme.. A "direct" cor-
relation is based on the initial appearance of G. humerosa, which may
indicate that the upper part of the G. acostaensis Zone corresponds to some
higher part of Zone N16. An "indirect" correlation via the faunal succession
in the Guadalquivir basin is based on the assumed contemporaneity of the
first occurrences of G. dalii, which may indicate that the base of the G.



conomiozea Zone is slightly below the base of Zone N17. The N16/N17
zonal boundary must be in the basal part of the Cretan G. conomiozea Zone.

The second correlation is corroborated by the presence of Candeina nitida
in the Guadalquivir basin, associated with the higher part of the G. dalii - G.
margaritae concurrence. According to Blow, this species is not present below
Zone N17.

The N17/N18 zonal boundary, defined by the first evolutionary appear-
ance of Globorotalia tumida tumida, cannot be recognized in our Cretan
faunal successions. As Zone N18 (Globorotalia tumida tumida - Sphaeroi-
dinelopsis subdehiscens paenedehiscens Zone) is considered to straddle the
Miocene-pliocene boundary, it might partly correspond to the uppermost
part of the G. conomiozea Zone.

The five Pliocene planktonic foraminiferal zones of Crete are well recog-
nizable throughout the Mediterranean area. Although the connection be-
tween the Atlantic and the Mediterranean basin, which was interrupted
during the Latest Miocene, became re-established at the end of the Miocene,
enabling Pliocene faunas to enter the basin, our Cretan associations cannot
easily be compared with the Atlantic faunas. The Pliocene planktonic
foraminiferal faunal development in the Mediterranean does not parallel the
development outside this basin. Apparently, immigration was strongly affect-
ed by the Gibraltar threshold. For example, the entire G. menardii group, G.
tumida, G. dutertrei, the evolutionary series of Pulleniatina, are absent in the
Mediterranean. On the other hand, G. bononiensis and probably G. sub-
scitula are indigenous, while the first occurrence of G. margaritae is thought
to be retarded.

Only two correlation lines are considered to be applicable: the extinction
level of G. margaritae and the last occurrence of representatives of the genus
Sphaeroidinellopsis.

According to Blow, G. margaritae becomes extinct in the middle part of
Zone N19 (= Sphaeroidinella dehiscens dehiscens - Globoquadrina altispira
altispira Zone). On Crete, its last occurrence is halfway the G. puncticulata
Zone. If the extinction level of G. margaritae is considered to be
isochronous, the higher parts of the Cretan G. puncticulata Zone may be
corresponding to the higher part of Zone N19. From the literature, the
isochroneity of this extinction level appears to be fairly trustworthy. In
Indian and Pacific ocean cores, Hayes et al. (1969) placed this extinction at
the Gilbert/Gauss paleomagnetic boundary. A similar determination is
reported by Ryan (1973) from DSDP Hole 132 of Leg ]3 in the Mediter-
ranean.

The last occurrence of representatives of the genus Sphaeroidinellopsis is



noted by Blow in the lower part of Zone N20 (= Globorotalia multicamerata
- Pulleniatina obliquiloculata obliquiloculata Zone). On Crete, Sphaeroi-
dinellopsis disappears just below the appearance of Globorotalia inflata.
According to Blow, the latter species is already present in Zone N17, but this
may be doubted, since many authors (Parker, 1967; Lamb, 1969; Olssen,
1971; Berggren, pers. comm.) reported this species from the basal part of
Zone N21 upwards. It seems plausible that the N20/N21 zonal boundary
may be placed somewhere in the interval, delimited by the last occurrence of
Sphaeroidinellopsis and the appearance of G. inflata, an interval that in
terms of our Cretan zonation corresponds to the upper part of the G.
bononiensis Zone. According to Berggren (1973), Zone N20 represents a very
short interval, shown (op. ciL, fig. 1) as the questionable equivalent of the
upper part of Zone N19. In Berggren's concept, the Sphaeroidinellopsis
extinction level is just below the base of Zone N21 (= Globorotalia tosaensis
tenuitheca Zone). The presence of Sphaeroidinella dehiscens with broad,
everted flanges in the Cretan G. inflata Zone is not inconsistent with the
approximate correlation of the G. inflata Zone and Blow's Zone N21, since
such forms do not appear until the beginning of Zone N21 (Berggren, 1973;
Berggren and Van Couvering, 1973).

All other possible correlation lines between the Cretan succession and
Blow's zonation are distinctly questionable.

According to Blow, the N18/N19 zonal boundary is defined by the first
evolutionary appearance of Sphaeroidinella dehiscens dehiscens. The early
representatives of this taxon, which evolves from Sphaeroidinellopsis
subdehiscens, have a small but distinct, supplementary opening on the spiral
side. Such phylogenetically primitive forms have been referred to as forma
immatura (Cushman, 1919); they gradually evolve into typical S. dehiscens
dehiscens with a large supplementary opening with everted flanges. This
evolution has been observed by several authors: i.al. Parker, 1967; Saito, in
Hays et al., 1969; Berggren 1973. Blow (op. cit., p. 418) noted that the
initial appearance of Sphaeroidinella is some 40 ft above the base of the
trubi marls on Sicily, which may indicate that the Sphaeroidinella datum is
somewhat above the Miocene/pliocene boundary. Also later authors reported
the first occurrence of Sphaeroidinella from the basal Pliocene in the
Mediterranean area (i.al. Bizon, 1972: western Greece; Cita, 1973: DSDP
Core 132-21-1, Leg 13). We were unable to find representatives of
Sphaeroidinella in the lower part of the Pliocene of Crete. Parker (1973) also
studied trubi samples, one of which had previously been used by Blow
(1969) to show the Sphaeroidinellopsis subdehiscens - Sphaeroidinella
dehiscens evolution in Sicily; she could not confirm the presence of



Sphaeroidinella and supposed that Blow might have been mistaken by
solution effects in his observations of supplementary apertures.

In our opinion the Sphaeroidinella datum level cannot be extended into
the Mediterranean area.

Globigerinoides elongatus, which in Crete is not present below the
uppermost part of the G. margaritae Zone, is noted by Blow already near the
top of Zone N16. According to Parker (1973), the range of the species
begins in the Atlantic in the uppermost part of Interval II (op. cit.,
textfig. 3), which is correlative to the uppermost part of Zone N19. This is
also in conflict with the Mediterranean data, as G. margaritae becomes
extinct in the middle part of Zone N19. Summarizing, the basal Pliocene on
Crete cannot be correlated with Blow's scheme.



COMPARISON AND CORRELATION WITH SOME LATE NEOGENE
STRATOTYPES

In this chapter it is attempted to link our Cretan planktonic foraminiferal
zonation to the chronostratigraphic scale. Samples from the Upper Miocene-
Pliocene interval were studied from most Mediterranean stratotype localities.
The samples, collected by collaborators in the Department of Micropaleon-
tology of Utrecht University, are listed below:

Tortonian stratotype: -Samples JT 854 - JT 912; and 500-VI, VII,
507-VII, 508-IV (for the last four: see Vervloet, 1966, table 5).

Messinian neostratotype: Samples JT 933, JT 975 - JT 979 (Capodarso:
lower part).
Samples JT 974, JT 990 - JT 992 (Capodarso: equivalent to middle/
upper part at Pasquasia).

Andalusian stratotype: Samples 219 Q - 219 X; 280, 279, 212, 241, 222
(seeVerdenius, 1970, fig. 3).

Tabianian stratotype: Samples JT 1058 - JT 1068.
Piacenzian stratotype s.l.: Samples JT 383 - JT 390; JT 16-17; JT

1410-1414.

The data obtained from these samples are compared to those from some
previous foraminiferal investigations on these stratotype localities: Torto-
nian: Cita and Blow (1969), Meulenkam p (1969); Messinian: Colalongo
(1970); Andalusian: Perconig (1968), Meulenkamp (1969), Verdenius
(1970); Tabianian: Iaccarino (1967); andPiacenzian: Barbieri (1967).

In fig. 5 the position of the stratotypes is presented opposite the Cretan
zonal scheme.

The Rio Mazzapiedi - Castellania section has been designated by Gianotti
(1953) as the stratotype of the Tortonian Stage (Mayer-Eymar, 1858). The



first detailed account of the planktonic foraminifera was by Cita, Premoli
Silva and Rossi (1965). They attributed the upper part of Gianotti's
stratotype to the Messinian. A correlation of the planktonic foraminiferal
succession of the type section with the "standard" zonation of Blow was
made by Cita and Blow (1969). One of the most distinct correlation lines is
based on the appearance of Globigerina acostaensis, which evolves from
Globigerina continuosa in the basal part of the type section (op. cit.,
p. 582).

The sampling levels JT 854 - JT 860, approximately equivalent to
localities 1 - 4 of Citaet al. (1965, p. 219, fig. 2), were found to contain
assemblages ofG. continuosa. On Crete, this species is associated with
Globoquadrina dehiscens and Globorotalia menardii form 3. In the samples
involved, G. dehiscens was not, observed, and tiny representatives of the G.
menardii group, which are similar to G. menardii form 3, are only present in
sample JT 854. The predominantly dextral coiling of the G. continuosa
assemblages is consistent with our findings on Crete.

Assemblages transitional between G. continuosa and G.acostaensis were
observed in samples JT 861 - JT 880, approximately equivalent to localities
5 - 8/9 of Cita et al. They contain types of both species: in the lowermost
assemblages the G. continuosa type prevails over the G. acostaensis type; in
the succeeding samples the relation gradually becomes reversed. Worth
mentioning is the random coiling in these assemblages, which perfectly
agrees with our Cretan data. From sample JT 881 upward, homogeneous
assemblages of G. acostaensis types were found. The specimens are
predominantly sinistrally coiled.

These data from the type Tortonian show that the evolution of G.
acostaensis from G. continuosa via assemblages containing both types is
essentially the same as that observed in Crete.

In terms of Cretan zones, the G. continuosa/G. acostaensis zonal
boundary is just above sample level JT 860, which is approximately
equivalent to level 4 of Cita et al. The presence of primitive Uvigerina
selliana (1\ = 1.40; 52 = 98) in sample JT 870 supports this correlation (see
also III.5.2. and fig. 5).

The above conclusions are in good accordance with the positioning of the
N15/N16 zonal boundary by Cita and Blow just above their level 3. G.
continuosa types, however, are present at definitely higher levels than
reported by both authors.

The presence of humerosa types and of Globorotalia suterae in the
uppermost sampled interval (samples: JT 898 - JT 912; approximately
equivalent to localities 11-12 of Cita et al.) allows a correlation with the



upper part of the Cretan G. acostaensis Zone and probably with the basal
part of the G. conomiozea Zone. However, index species for this last zone,
such as Globigerinoides extremus, Globorotalia conomiozea and G. dalii,
have not been found.

The extreme paucity of representatives of the G. menardii-group in our
samples of the Tortonian stratotype is remarkable. In addition to sample JT
854, which contains specimens closely resembling G. menardii form 3, only
sample JT 893 contained keeled globorotaliids, which may belong to G.
menardii form 4. On the other hand, Globorotalia scitula and G. gigantea are
characteristic faunal constituents in nearly all samples.

On the basis of the Uvigerina data from three samples taken by Vervloet
(500-VI, 507-VII and 508-IV, op. cit. table 5, Meulenkamp (1969) cor-
related the middle/upper part of the Tortonian type section (sensu Cita et
al.) with the topmost part of the U. selliana Zone and the entire U. cretensis
Zone.

The last three samples permit a better correlation of the upper part of the
stratotype with the G. conomiozea Zone. Sample 507 -VII contained G.
extremus, while sample 508-IV has abundant forms closely resembling
Globigerina multiloba. Such forms are also known from the Khairetiana and
Mylopotamou Formations in Crete (see Benda, Meulenkamp and Zacha-
riasse, 1974).

From the samples of the Tortonian stratotype the following conclusions
may be drawn:
1. the fauna of the lower part of the type Tortonian (i.e. samples JT 854 -

JT 860) corresponds with that of our G. continuosa Zone; that of the
middle/upper part (samples JT 861 - JT 912; 500-VI, 507-VII and
508-IV) corresponds with the G. acostaensis Zone and the lower part of
the G. conomiozea Zone. This correlation agrees perfectly well with the
Uvigerina data, published by Meulenkam p (see also fig. 5).

2. the succession of keeled globorotaliids found in Crete is hardly recogniz-
able in the type Tortonian, if at all.

3. characteristic species reported by Cita and Blow, such as Globigerinoides
conglobatus, Globorotalia mayeri, G. lenguaensis and G. merotumida, were
not found in our samples.

The composite section of Capodarso-Pasquasia (central Sicily) has been
designated by Selli (1960) to serve as the neostratotype of the Messinian



Stage (Mayer-Eymar, 1868). Its lower part (units 1-3, Selli, 1960, fig. 2) is
defined at Capodarso; its middle/upper part (units 4--7, op. cit., fig. 2), at
Pasquasia.

The planktonic foraminiferal fauna from the lower part of the stratotype
was studied in samples JT 993, JT 975 - JT 979; that from the middle/
upper part is not studied in section Pasquasia, but in the samples JT 974,
JT 990 - JT 992 from its lateral equivalent at Capodarso (see also fig. 6).

For a more detailed discussion of the planktonic foraminifera and the
arguments to correlate this fauna with the Cretan succession, reference is
made to III.3.1.

The presence of Globorotalia conomiozea and Globigerinoides extremus
in the lower part of the Messinian, equivalent to the units 1-3 of Selli,
permits a correlation with the Cretan G. conomiozea Zone. An even more
precise assignment to the middle/upper part of this zone may be evaluated
from the change in coiling direction of Globigerina acostaensis somewhere
near the boundary between units 1 and 2.

Although samples from the lateral equivalent of the middle/upper part of
the stratotype were found to be barren, this interval is thought to belong to
the G. conomiozea Zone as well, since samples from the overlying trubi
contained Globorotalia margaritae.

According to Colalongo (1970), the Messinian type section corresponds to
the G. tumida plesiotumida Zone. Although we were unable to find this
subspecies, the presence of G. conomiozea reported from the lower part of
the section (op. cit. table 1) is consistent with our findings.

From a biostratigraphic point of view, the Messinian Stage is a relatively
short interval, representing less than one plankton zone, i.e. the middle/
upper part of the G. conomiozea Zone (see also figs. 5 and 6).

The Andalusian Stage, meant as a substitute for the Messinian Stage, has
been proposed by Perconig in 1964. The type section, designated in the
Guadalquivir basin at Carmona (Perconig, 1968), corresponds approximately
to the middle/upper part of the exposure sequence 219 of Verden ius (1970;
fig. 2B, samples 219 G-X). '

The topmost part of exposure 219 consists of sediments belonging to
Verdenius' Guadaira Formation (= "Caliza tosca" of Perconig); the remain-
der belongs to Verdenius' Ecija Formation (= "Marne azzurre" and part of
the "Formazione marnoso-arenacea" of Perconig). From the Guadaira



Formation some isolated samples (280, 279, 241, 238, 212) in the area of
Carmona were studied.

After the fourth C.M.N.S. Congress, held at Bologna in 1967, the position
of the Andalusian Stage in the chronostratigraphic scale has been discussed
at length. Uvigerinids and planktonic foraminifera led Meulenkamp (1969)
and Verdenius (1970) to assign the Andalusian type section to the Pliocene.
On the basis of calcareous nannofossils and planktonic foraminifera, Magne
and Viguier (1970), Martini (1971) and Cita (1973) concluded that the type
Andalusian straddles the Miocene-pliocene boundary, whereas a Late
Miocene age is concluded by Perconig (1964, 1968) and by Crescenti et al.
(1973) from the planktonic foraminifera, and by Schmidt (1973) from the
calcareous nannofossils.

The present author agrees on the Late Miocene age, assigned by the last
group of authors. For his arguments and a more detailed account on the
planktonic foraminifera of the type section, reference is made to IV.5.2. The
conclusions are repeated here.

Concerning the planktonic foraminifera, the controversy about the age
assignment of the Andalusian centers on the index value of Globorotalia
margaritae. As this species does not occur below the basal Pliocene of the
Mediterranean basin, the Andalusian stratotype has been considered to be of
Pliocene age. Moreover, the presence of Globorotalia bononiensis and G.
puncticulata, reported by Perconig (1968), and of Globorotalia crassaformis
and G. crotonensis, reported by Verdenius (1970) have strongly contributed
to accepting a Pliocene age. Actually, we were unable to find the last four
species in the Carmona section.

In addition to G. margaritae, the planktonic foraminiferal association
includes several taxa, none of which were found above the Miocene of Crete,
Italy or Algeria: Globigerina praebulloides, G. decoraperta, G. druryi,
Globorotalia dalii, G. scitula, G. gigantea and G. suterae. On the other hand,
Lower Pliocene indices for the Mediterranean basin, such as Globigerinoides
elongatus, Globorotalia subscitula, G. crassaformis and G. puncticulata were
not found. Hence, the faunal association of the Andalusian resembles that of
the Upper Miocene of the Mediterranean basin much more than that of the
Pliocene.

It should be realized, however, that such a comparison may lose much of
its value because of the different faunal developments during the Late
Neogene in the Guadalquivir basin and the Mediterranean basin, caused by
the strongly deteriorated or even interrupted connection between both areas
during the Latest Miocene. Although the connection with the Atlantic was
re-established at the end of the Miocene, the planktonic foraminiferal faunas



of the Mediterranean basin maintained an indigenous character.
Thus, the disappearance and appearance levels of the abovementioned

taxa in the Mediterranean basin are not necessarily coinciding with "true"
extinction or first occurrence levels outside the basin. G. decoraperta and G.
scitula are present indeed in the Pliocene outside the Mediterranean basin
(i.al. Parker, 1967; Bronnimann and Resig, 1971; Berggren, 1973). On the
other hand, consistency appears from the literature data concerning the
pre-Pliocene extinction of G. praebulloides and G. druryi (i.al. Takayanagi
and Saito, 1962 ; Blow, 1969; Bronnimann and Resig, 1971; Postuma, 1971)
and the post-Miocene appearance of G. crassaformis (i.al. Parker, 1967;
Ingle, 1967; Bronnimann and Resig, 1971; Lamb and Beard, 1971; Berggren,
1973). Thus, comparison with the faunal successions outside the Mediter-
ranean also points to a Late Miocene age for the Andalusian type section.
Placing G. margaritae in the Upper Miocene is· not inconsistent with data
from the Atlantic; the first occurrence in the Upper Miocene of this area was
recorded by Parker (1967,1973) and Berggren (pers. comm.). G. margaritae
evidently immigrated into the Mediterranean at the beginning of the
Pliocene, when the open connection between this area and the Atlantic was
re-established.

The presence of Uvigerina arquatensis in the Andalusian type section, on
which Meulenkamp's Pliocene age assignment was based, is correct, but,
since more data are becoming available, it is most likely that the evolution of
the cretensis lineage in Spain and in Algeria must have been diachronous
compared to that in Crete and Italy (see also IV.S.2. and fig. 10).

The Tabianian Stage has been established by Mayer Eymar in 1868. It was
stratotypified by Iaccarino (1967), who also gave a detailed account of the
foraminiferal contents. The samples of Iaccarino which approximately
correspond to those studied from the Utrecht collections, are listed below in
the left column. On the right hand side of the table, the distribution of our
Pliocene index species is given, at the extreme left side the zonation of
Iaccarino. The interval of samples JT 10S8- JT 1064 is characterized by the
joint presence of Globorotalia margaritae, G. subscitula and Globigerinoides
elongatus, and thus corresponds to the G. margaritae Zone in terms of the
Cretan zonation. The presence of G. elongatus at the very base is in support
of a correlation with the upper part of the G. margaritae Zone, since in Crete
the beginning of the range of this species is in the higher part of the zone.



IACCARINO (1967) Our Results
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Because of the presence of G. puncticulata in the interval ot samples JT
1065 - JT 1069, the upper part of the Tabianian type section may be
correlated to part of the Cretan G. puncticulata Zone. The interval delimited
by the first occurrence of G. puncticulata and the last occurrence of G.
margaritae (equivalent to samples JT 1065 - JT 1068) marks the lower part
of the G. puncticulata Zone, whereas sample JT 1069 seems to belong to its
upper part already.

Based on the "total" range of G. hirsuta (= G. margaritae), Iaccarino
(1967) includes the major part of the type section in her G. hirsuta Zone;
only the topmost part (sample 2320,: approximately equivalent to our
sample JT 1069) has been assigned to the G. crassaformis/G. puncticulata
Zone.



Remarkable is the first occurrence of G. puncticulata and G. crassaformis,
reported by Iaccarino (op. cit., table 3) from sample 2268 (slightly below
our sample JT 1062). According to our data the former does not occur
below sample JT 1065, and the latter could not be found at all in our
samples of the type section.

The blue marls in the Castell'Arquato area were originally mentioned by
Mayer Eymar (1857) as typical for the Piacenzian Stage. By indicating the
blue marls in the Arda Valley between Lugagnano and Castell'Arquato,
Pareto (1865) designated the stratotype. A different definition of the type
section was proposed by Barbieri (1967), who did not include the lowermost
part of the marls, which he correlated with the type Tabianian. The
overlying calcarenites at Castell'Arquato of "Astian facies" have been
included in the Piacenzian (Barbieri, 1967).

From the Utrecht collections the following samples have been studied: JT
385- JT 390 (Tabianian sensu Barbieri); JT 383- JT 384, JT 16-17 and JT
1410-1414 (upper part of the Piacenzian, immediately underlying the
calcarenites) and JT 1415 (basal part of the calcarenites).

From the samples JT 385- JT 390, only JT 388 contains globorotaliids,
that have been determined as G. margaritae.

The planktonic foraminiferal contents of samples JT 383 and JT 1412-
1415 show a mixture of several Pliocene indices. G. puncticulata, G.
crassaformis and G. bononiensis are relatively frequent in all samples. G.
margaritae and G. inflata are of subordinate importance in samples JT 1412,
1414 and 1415. These data clearly show the admixture of older Pliocene
species (G. margaritae, G. puncticulata and G. bononiensis) in an assumedly
autochthonous plankton fauna with G. inflata.

The fauna from the uppermost blue marls and the basal calcarenites are
thought to correspond to our G. inflata Zone.

Our results are in accordance with Barbieri, who assigned this upper
interval to his G. inflata Zone (op. cit., table 1). The base of the Piacenzian
s.s. must occur slightly above the last occurrence of G. margaritae (= G.
hirsuta auct., op. cit., table 1). In terms of Cretan zones, the Piacenzian s.s.
therefore probably comprises the upper part of the G. puncticulata Zone,
the G. bononiensis Zone and part of the G. inflata Zone.



THE VALUE OF THE MEDITERRANEAN NEOGENE
PLANKTONIC ZONATION

The distribution of the planktonic foraminifera determined from the
Cretan sections has been summarized in our biozonation, which, for further
practical use, seems to be the most plausible representation of all data.
Although far from identical, this Cretan zonation compares well with those
established elsewhere in the Mediterranean province, but it needs a great
many extra assumptions to parallel it to some extent with the zonal schemes
based on the faunas of the open oceans.

The limited -number of clues to correlate the Cretan scheme with those
established in extra-Mediterranean areas may be easily explained by the
statement that the Mediterranean Neogene faunas were provincial and thus
have their own pattern of evolution and succession. This provincialism has
been stressed more strongly in this paper than it was done so far by earlier
authors on planktonic foraminifera of the Mediterranean Neogene, who tried
to adhere more closely to the general, assumedly world-wide zonations
found to be valid for the tropical and subtropical Atlantic.

The question arises whether the Cretan scheme is not too individualistic.
This might explain why it is so much different from that of other
Mediterranean authors. There is no doubt that determinations of planktonic
foraminifera are subjective, and this the more so the further we refine our
species definitions, which we all do. It is self-evident that the assemblage-
based species concept gives a different approach to the observation
technique than the more usual, typological concept. It gives another content
to the same species names; so our different concept may be responsible for a
great part of the discrepancies. Our way of subdividing the Globorotalia
menardii group and that of most other authors who try to recognize the
open ocean evolution, is a good example of the differences in methods.
However, there must be differences in observational appreciation as well,
because translation of the data from one system into the other does not lead
to the same biozonation.

It is the author's contention that his own system is the better one, but it
must be admitted that this system and the resulting zonation are not



necessarily as absolute as stratigraphic tools, even though the zonal scheme
can be successfully applied to the Neogene over the entire length of the
Mediterranean. For one thing it is evident that the adjoining taxa in the
Globorotalia groups, and in some of the Globigerina and Globigerinoides
groups of species, are morphologically very close to one another. Further-
more, the details of our zonation are sometimes based on discontinuous or
even ambiguous records, and finally we had to resort several times to
assuming aberrant local situations to explain divergencies from our own
general zonal scheme. It is worthwhile to emphasize the problems raised by
our zonation for correlations in the Mediterranean proper.

The mutually exclusive presence of the contemporaneous species Globoro-
talia dalii and G. conomiozea in so restricted an area as Crete is hard to
understand from just patchiness of planktonic species alone, since the
separate distribution seems to be true for entire sections. We might expect
the patches to have shifted position more rapidly in the course of time. Is it
realistic to think of small environmental differences that governed minor
areas for a long time, a million years and more, to cause the observed
horizontal and vertical distribution of taxa? If this were true, we have to
accept that in addition to differences between Mediterranean sub provinces
(e.g. Crete versus Italy), numerous smaller areas had their own succession of
planktonic faunas. All these successions fitted into a rough general scheme,
but they may differ in detail. It is a serious drawback that we are rather
ignorant about possible relationships of morphologically adjoining taxa.
Even though transitions may have escaped our attention, it might well be
assumed that many of the morphologically adjoining taxa of our systematics
are the result of phenotypical response to differences in environmental
factors of the water masses, that influenced the species both in space and in
time.

Also the different opinions on the biostratigraphic value of the Sphaeroi-
dinellopsis acme at the base of the Mediterranean Pliocene should be
considered in this light. The Sphaeroidinellopsis acme, however ill-defined on
a numerical basis, is not present everywhere in the Mediterranean. Several
authors explain the absence by a gap in the sedimentary record. But cannot
its presence or absence be explained by environmental differences just as
well? The mutually exclusive presence of Globorotalia margaritae and
abundant Sphaeroidinellopsis seems to support such an assumption. Whether
the Sphaeroidinellopsis abundance is controlled by great water depth is no
more than a guess. It might have been the consequence of other factors just
as well, such as PH or salinity. Careful investigation of the sediments, and of
the geological framework of the area may lead to a better understanding of



such factors, and consequently of the biostratigraphic significance of such an
acme.

Also the (first) appearance of G. margaritae may be somehow environ-
ment - controlled, which leaves us with much more doubt about one of the
most definite marker levels in Mediterranean Neogene biostratigraphy.

All this leads to the conclusion that the best biozonal system to include all
details of our observations may contain generalizations that are incorrect,
c.q. not necessarily true for all parts of the Neogene Mediterranean. The
biozonation should be handled with care and with a constantly critical mind,
especially when it comes in conflict with other "well-founded" zonations.

As an example of this type of conflict, we may cite the conclusion on
differences in evolutionary speed in the Uvigerina cretensis lineage. The
correlation of the Spanish Guadalquivir succession and the type Andalusian
with the Cretan and Italian sections looks very sound if we consider the
planktonic evidence, but it faces us with the serious problem of Uvigerina
evolution running well ahead in the western Mediterranean (Spain, Algeria)
for a very long time, if compared with the evolution in the eastern and
central Mediterranean (Crete, Italy), where the progressive development of
Uvigerina seems to be never out of step with the succession of planktonic
foraminiferal faunas. How do we imagine, and where do we situate a barrier
that effected the distribution of the uvigerinids and at the same time left
planktonic foraminifera untroubled? Further research and critical reviews of
the planktonic foraminiferal and uvigerinid zonations are the only way to
reconcile such conflicts.
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New methods in planktonic foraminiferal research, such as analyses of
amino acid composition of the test, application of the scanning electron
microscope and statistics, have led to a better classification and a more
reliable identification of planktonic foraminifera.

Similar better results have been attained by studying the biology. Investi-
gation of both horizontal and vertical distribution patterns of recent plank-
tonic foraminifera, and of the factors which control these patterns, of
ontogeny and of life cycles have led toa better understanding of fossil
assemblages. Such studies have shown for instance that several taxa mention-
ed in the literature are no more than growth stages or modifications of single
species rather than separate species or subspecies.

Notwithstanding this progress, several authors continue to divide plank-
tonic foraminifera into narrow and vaguely defined taxa, often with no
better justification than the assumption of more refined biostratigraphy. In
most cases the species concept of such authors is based on a designated
holotype with (or without) some adjoining and selected paratypes. As a
consequence, any possible natural variation remains unpublished.

The species concept, used in this paper, is based primarily on the assem-
blage concept, with the assemblage defined as a homogeneous group of
individuals. In several cases this assemblage-based species concept impedes a
good comparison of our taxonomic units with the taxa mentioned in the
literature; variation in a single assemblage may overlap several of them. This
especially holds true for the Miocene keeled Globorotalia types; in some
cases, four of such species have been recognized in one single, homogeneous
assemblage.

From every sample, some 20 to 30 individuals per assemblage were
collected if available. Only the sieve residues of 250 .um and 125 .um were
used. The prefix "predominantly" for the coiling direction indicates that at
least 80% of the individuals of such an assemblage show an identical coiling
direction.



In order to attain a better insight into the real variation of a taxon, the
horizontal and vertical variations of its assemblages have been extensively
studied.

Horizontal variation
Per sample, assemblages belonging to distinctly different taxa may show

some overlap in variation; on the other hand, several taxa mentioned in the
literature may be morphotypes within a single, homogeneous assemblage.

The first case is observed in assemblages of some globigerinids; e.g., in one
sample an assemblage of Globigerina pseudobesa may intergrade on one side
into an assemblage of Globigerinella siphonifera, on the other into an
assemblage of Globigerina bulloides. Similar observations were made for
assemblages of Globigerinoides obliquus, the variation of which, in some
samples, shows some overlap with Globigerinoides ruber and G. bulloideus.
Nothwithstanding such occasional variation overlaps of different taxa, their
assemblages can be easily separated.

In the second case, several taxa known from the literature may be
recognized within a single, homogeneous assemblage. For instance, assem-
blages of Globorotalia conomiozea sometimes include thick encrusted forms,
described by Bizon (1965) as Globorotalia miozea saphoae. Several species
of the genus Sphaeroidinellopsis of the literature may be morphotypes
within single, homogeneous Sphaeroidinellopsis assemblages. In our opinion
they are all phenotypic variants of Globigerinoides trilobus.

Overlap in the variation of separate taxa may be evidence of phylogenetic
relationship. The suggestion of several authors, that both Globigerinella
siphonifera and Globigerina pseudobesa have been derived from the bulloides
stock, may be substantiated by the abovementioned intergradation. The
overlap in variation of assemblages of Globigerinoides obliquus and G. ruber
in several samples may be seen as evidence of the evolution of the latter from
the former.

Vertical variation
From the study of variation patterns in vertical series of samples, morpho-

logical trends can be traced in some taxa. Within the successive assemblages
of Globigerina apertura, the increasing width and height of the aperture, the
increasing width of the umbilicus, and the increasing number of individuals
with an obliquely placed final chamber are conspicuous changes.

Trends in the successive assemblages of Globigerina acostaensis, collected
from the 250 /lm sieve residues of selected samples, are an increasing number
of chambers in the last whorl and a change to looser coiling. The observed
trends are identical to those, observed in that part of the dutertrei-lineage of



authors, covering the "consecutive range" of Globigerina acostaensis and the
range of early Globigerina humerosa. Once again, it is emphasized, that these
trends are only -traceable in successive Upper Miocene assemblages with
selected large-sized specimens. Inherent to our assemblage species concept, the
uppermost Miocene assemblages cannot be assigned to Globigerina hume-
rosa, but will be regarded as Globigerina acostaensis with humerosa-types.

Furthermore, in the Cretan planktonic foraminiferal succession an evolu-
tion can be observed from Globigerina continuosa to G. acostaensis and a
transition from Globorotalia bononiensis to G. inflata. In both cases grada-
tion takes place via assemblages transitional between the predecessor and its
descendant. Although in our assemblage-species concept G. acostaensis or G.
inflata will appear later than the first occurrence of their respective types,
the first occurrence of the G. acostaensis type and the G. inflata type are
used for our biostratigraphic correlations (see also IlL1.).

Observations on the wall-structure of some taxa were carried out with a
Cambridge Stereoscan Microscope S4. Coating was applied with Carbon and
afterwards with gold to an approximate thickness of 300 to 400A. SEM
investigations are valuable because they may provide evidence of assumed
phylogenetic relationships. For instance, the similarity in the external wall-
structure of Globigerinella siphonifera, Globigerina pseudobesa, G. falconen-
sis, G. praebulloides, and G. bulloides may support the assumption of close
relationship, considered likely already on the basis of the resemblance in
general morphology of these species. As a second example may serve the
external wall structure of Globigerina continuosa and G. acostaensis, which
indicates that both species belong to the genus Globigerina rather than to
Globorotalia. For more details concerning the wall structure of some taxa,
reference is made to the following descriptions.

All our genera have been placed in two families: the Globorotaliidae and
the Globigerinidae.

The former includes all taxa with a smooth external wall-structure, i.e.
with relatively small pores and without spine bases; some ornamentation
may be present. The coiling is trochospiral. The equatorial periphery is
keeled (i.a1, Globorotalia menardii s.1,) or shows an imperforated thickening
(discontinuous i.a1, in Globorotalia crassaformis; continuous i.al. in Globoro-
talia scitula). In some cases no imperforated thickening is present at all (i.a1,
in Globorotalia bononiensis). The position of the aperture is umbilical-
extraumbilica1,



In the Globigerinidae, all forms are included with a coarser external
wall structure, i.e. pitted or cancellated, with pore openings of variable size,
with spine-bases, and with or without interpore ridges. An imperforated
thickening along the equatorial periphery is absent. The coiling is trocho-
spiral or planispiral. The position of the aperture varies from umbilical to
equatorial.

The Globigerinidae comprise genera as Globigerinella, Globigerinoides,
Orbulina, Sphaeroidinellopsis, Sphaeroidinella, and Globoquadrina.

The genus Globigerinita does not seem to fit these two families. It has a
globorotaliid external wall structure, but it lacks the umbilical-extra umbilical
posititon of the aperture. For convenience sake it has been placed in the
Globigerinidae.

VIII.3. DESCRIPTION OF THE TAXA

VII!.3.1. Family GLOBOROTALIIDAE Cushman, 1927

VII!.3.1.1. Genus Globorotalia Cushman, 1927

On Crete, keeled Globorotalia are common in the greater part of the
Upper Miocene, but their record is discontinuous in most sections.

As inferred from literature, this group is important for Late Miocene
biostratigraphy in the Mediterranean area, since there are scarcely other
suitable markers in this interval.

The Cretan Globorotalia assemblages were compared with those from
other parts of the Mediterranean area: Italy, Malta, southern Spain and
northern Algeria, material of which was available for direct study. The
results are discussed under the remarks on the various taxa.

Until now, most Globorotalia taxa were based on rigid typological con-
cepts, i.e. based on the morphological standard of the holotype, either or not
accompanied by some selected paratypes.

Our approach to the differentiation of taxonomic units is based on the
study of assemblages. As a consequence, it proved difficult in some cases to
translate the results in terms of conventional Globorotalia taxonomy. Several
of the taxa described in the literature were found to be morphotypes within
single, homogeneous assemblages.

In the Cretan Miocene faunal successions, assemblages of keeled Globoro-
talia fall into two groups. Assemblages of the first group, found in the lower
and middle parts of our Upper Miocene, can be placed in three successive
taxonomic units. The second group, which succeeds the first, includes two



separate species, Globorotalia conomiozea and G. dalii. Although both
species are thought to have the same range on Crete, they have never been
found together.

The three succ,essive taxonomic units, distinguished in the first group, are
well comparable to Globorotalia menardii form 3, form 4 and form 5,
respectively, described by Tjalsma (1971) from the Neogene of the Guadal-
quivir basin (southern Spain). It is emphasized that the forms in Tjalsma's
concept are not implicitely meant as "forma", they clearly have a higher
taxonomic rank. Also in Crete the distinction between these three forms is
sufficiently sharp to raise them to some kind of subspecific level. Despite the
fairly sharp distinction and the interregional significance in a biostratigraphic
sense, no new names will be added to the literature. Tjalsma's taxonomy will
be applied to our Cretan taxa.

The appearance of the chamber outline on the spiral side has been applied
as the single criterion to distinguish the three taxa. Tjalsma used additional
features, such as the height of the umbilical side, the degree of development
of the keel and the width of the umbilicus.

A brief review of the main characteristics of the three taxa is given below
(see also fig. 13):

Fig. 13 Successive keeled Globorotalia from the Cretan Miocene sequence:
a-b: G. menardii form 3 Tjalsma. X 64
c-d: G. menardii form 4 Tjalsma. X 50
e-f: G. menardii form 5 Tjalsma. X 50
g-h: G. dalii. Perconig. X 50
i-k: G. conomiozea. Kennett. X 50
Note the change in the angle, formed by the proximal end of the intercameral sutures and
the spiral suture of the successive menardii taxa.



Globorotalia menardii form 3 is characterized by an elongate chamber
outline in spiral view; all chambers of the final whorl are reniform. The
intercameral sutures meet the spiral suture under a sharp angle. Only the
proximal part of the sutures of the ultimate and penultimate chamber may
join the spiral suture at right angles.

Globorotalia menardii form 4: the chamber outline in spiral view is less
elongate. The early chambers of the final whorl are reniform; later chambers
are reniform to semi-circular. The proximal part of the intercameral sutures
of the last two to three chambers joins the spiral suture either at right angles
or with a slightly backwards curve, making an obtuse angle.

Globorotalia menardii form 5: in spiral view, most chambers of the last
whorl are approximately semi-circular. The proximal part of the inter cameral
sutures becomes increasingly recurved; the intercameral sutures of the last
three or four chambers make an obtuse angle with the spiral suture.

Because no intermediate assemblages were found in our Cretan successions
it cannot be proved that these three taxa are stages in an evolutionary
lineage. From the Guadalquivir basin, Tjalsma reported a transition between
G. menardii form 4 and G. menardii form 5.

The complete succession of the three taxa is as yet only known from
Spain and from Crete. In the faunal successions of some sections in Italy, G.
menardii form 5 appeared to be absent. As outlined already in IV.3.,
G. menardii form 4 extends its range into an interval containing G. menardii
form 5 in Crete and in Spain. Either, G. menardii form 4 is lingering on in
Italy, or the distribution of both taxa is ecologically controlled. In northern
Algeria (Chelif basin), so far only G. menardii form 4 is found (see Tjalsma
and Wonders, 1971), and from the Maltese islands G. menardii form 3 and
form 4 are reported by Felix (1973).

The coiling direction in the assemblages of G. menardii form 3, form 4,
and form 5, is conspicuously consistent in the entire Mediterranean area;
assemblages of the two first mentioned taxa are predominantly sinistrally
coiled, whereas those of the last are predominantly dextral.

Globorotalia conomiozea and G. dalii of the second group seem to be
neither related to the representatives of G. menardii form 3, form 4 or
form 5, nor to each other. Both have an elongate chamber outline in spiral
view. They can be separated from each other by the degree of convexity of
the umbilical side and the shape of the aperture. All assemblages from Crete,
Italy, southern Spain and northern Algeria are predominantly sinistrally
coiled.

The general trends in our successive assemblages of G. menardii form 3,



form 4 and form 5, from an elongate to a semi-circular chamber outline in
spiral view and from sharp to obtuse angles formed by the spiral suture with
the intercameral sutures of the last chambers of the final whorl, have also
been observed by Banner and Blow (1965) in the lineage from Globorotalia
merotumida via G. plesiotumida to G. tumida. The major changes in the
latter taxa, however, seem to take place in the height of the whorl, which
increases fairly rapidly, and in the decrease of the ratio of umbilical-spiral
convexity. These trends are not distinctly traceable, either in our Cretan
material, or in the material studied from other parts of. the Mediterranean
area. In fact, merotumida-types are subordinately present in assemblages of
G. menardii form 3, and form 4, and in assemblages of G. dalii, whereas
plesiotumida-types are found in assemblages of G. menardii form 4 and
form 5, but appeared to be absent in assemblages of G. dalii.

Hence, in contrast to the observations of various authors on Mediter-
ranean planktonic faunas (e.g. Cita and Blow, 1969; Colalongo, 1970;
Verdenius, 1970; Catalano and Sprovieri, 1971), we were unable to find
evidence for the presence of (part of) the G. tumida lineage in theMediter-
ranean.

Globorotalia menardii form 3 Tjalsma
PI. 1, 2, figs. 1a-5c; textfig. 13

Globorotalia menardii form 3, Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 59, pI. 5, figs. 1a-3c;
Felix, 1973, Meded. Landbouwhogeschool Wageningen, vol. 20, p. 72, pI. 7, fig. 10.

Occurrence: Common in two samples from the Gavdos Formation (sections
Ambelos and N. of Panayia); and sample 103 of the Kalamavka Formation
(section Kalamavka).

Remarks: Assemblages referred to Globorotalia menardii form 3 are in good
accordance with those described and figured by Tjalsma (1971). To his
diagnosis should be added, that the proximal parts of the intercameral
sutures commonly join the spiral suture at a sharp angle; in some cases the
intercameral sutures of the ultimate and penultimate chamber meet the
spiral suture at right angles. The umbilical side varies from low convex to
moderately high convex; the umbilicus ranges from nearly closed and deep
to fairly wide and shallow. The final whorl consists of 4.5 to 6 chambers.
Assemblages are predominantly sinistrally coiled.

This taxon is rather similar to Globorotalia praemenardii Cushman and
Stainforth, but the keel is more prominent in our assemblages and the
equatorial periphery seems to be slightly less lobulate. Individuals showing a



greater whorl height and a fairly high-convex umbilical side are close to
Globorotalia merotumida Blow and Banner (see pI. 2, figs. 4a - 5c).

Globorotalia menardii form 4 Tjalsma
PI. 1,2, figs. 6a-10c; pI. 3,4, figs. 1a-5c;

pI. 7, 8, figs. 1a-6c; textfig. 13

Globorotalia menardii form 4, Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 59, pl. 5, figs. 4a-6c;
Tjalsma and Wonders, 1971, Proc. Kon. Ned. Akad. Wet., ser. B, vol. 75, p. 78, pI. 1, figs. 2a~c;
Felix, 1973, Meded. Landbouwhogeschool Wageningen, vol. 20, p. 72, pl. 7, fig. 16.

Occurrence: Rare to common in some samples of the Kissamou Formation
(sections Khairetiana and Dheliana); Apostoli Formation (section Selli);
Tefeli Formation (section Chersonisos); Ammoudhares Formation (sections
Vasiliki and Prina) and the Akhladhia Formation (sektion Sikia).

Remarks: The chamber outline in spiral view varies from reniform in the
early portion of the last whorl to rather semi-circular in the later part. The
number of chambers in the final whorl varies from 4.5 to 6. The umbilicus is
mostly narrow and deep. Assemblages are predominantly sinistrally coiled.

This form is mainly distinguished from G. menardii form 3 by the less
pronounced reniform shape of the chambers and the slightly recurved
proximal end of the last 2 or 3 intercameral sutures, which join the spiral
suture at an obtuse angle (see also textfig. 13).

With regard to the Cretan assemblages, a fairly aberrant variation was
found in the assemblage of G. menardii form 4 in sample JT 996 of section
Capodarso (Italy). Here, the umbilical side ranges from low-convex to
relatively strongly vaulted. The aperture of such vaulted individuals is
high-arched. They strongly resemble representatives of the Globorotalia
conomiozea assemblage, which is found in the same sample. Separation
between the representatives of both assemblages is based on the chamber
outline and the outline of the "shoulder" in axial view. The last chambers in
G. menardii form 4 approximate a semicircular outline, and the "shoulder"
shows a sinuous outline in peripheral view (see pI. 7, 8, figs.1a-12c).
Vaulted individuals in the assemblage of G. menardii form 4 at Capodarso,
with a relatively flat spiral side, resemble Globorotalia miocenica Palmer.

In general, assemblages of G. menardii form 4 include several types
resembling taxa of the literature. Relatively large-sized, flat individuals with
an approximately circular equatorial outline strongly resemble Globorotalia
menardii (d'Orbigny) (e.g. pI. 1, figs.6a-7c); more strongly biconvex
specimens, with a relatively rapid increase in whorl-height are close to
Globorotalia merotumida Blow and Banner and to G. plesiotumida Blow and



Banner (e.g. pI. 2, figs. 9a-10c), and specimens with a slightly convex spiral
side and a subquadrangular outline are similar to Globorotalia pseudomio-
cenica Bolli and Bermudez (e.g. pI. 4, figs. 4a-5c). We were unable to assign
our assemblages to any of the aforementioned taxa, which have been
occasionally reported from the Mediterranean area: G. menardii (Bizon,
1967; Verdenius, 1970), G. merotumida and G. plesiotumida (Catalano and
Sprovieri, 1969; Colalongo, 1970, Verdenius,1970), G. pseudomiocenica
(Colalongo, 1970), and G. miocenica (Bizon, 1967).

Globorotalia menardii form 5 Tjalsma
PI. 3, 4, figs. 6a-lIc; textfig. 13

Occurrence: Common to frequent in some samples of the Kissamou
Formation (sections Khairetiana, Dheliana and Potamidha). Common in one
sample of the Rethymnon Formation in section Selli.

Remarks: Most chambers of the final whorl are approximately semicircular
in spiral view. The proximal end of the intercameral sutures of the last 3 or 4
chambers is slightly recurved, joining the spiral suture at an obtuse angle.
The number of chambers in the last whorl varies from 5 to 7. The coiling is
predominantly dextral.

The average individual resembles Globorotalia menardii of the literature
(e.g. pI. 3, figs. 6a-7c). Relatively strongly biconvex specimens with a fairly
rapid increase in whorl-height strongly resemble Globorotalia plesiotumida
Blow and Banner (e.g. pI. 4, figs. lOa-lIe). More subquadrangular individ-
uals with a slightly convex spiral side are close to Globorotalia pseudomio-
cenica Palmer.

G. menardii form 5 is as yet only known from southern Spain and Crete.

Globorotalia dalii Perconig
PI. 5, 6, figs. 1a-6c; pI. 9, 10,

figs. 1a-12c; textfig. 13.

Occurrence: Rare to common in the Kissamou Formation in sections
Khairetiana, Dheliana and Potamidha; rare in the Khairetiana Formation in
section Khairetiana.

Remarks: Assemblages of this species appear in the Cretan faunal successions
shortly after the last occurrence of Globorotalia menardii form 5. G. dalii is
characterized by its reniform chambers in spiral view and its generally



moderately high-arched aperture. The number of chambers in the ultimate
whorl varies from 4.5 to 5.5. In adult specimens the proximal end of the last
suture recurves slightly or joins the spiral suture at a right angle. The
intercameral sutures of the previous chambers join the spiral suture at sharp
angles. Intercameral sutures of juveniles consistently join the spiral suture at
sharp angles. The umbilicus is narrow to closed. The spiral side is flat to
low-convex; the umbilical side varies from low-convex to moderately high-
convex. Juveniles and small specimens (e.g. the Spanish forms, pI. 10, figs.
11a-12c) are relatively more highly convex.

In Crete, assemblages of G. dalii are predominantly sinistrally coiled.
Topotypes of G. dalii, kindly donated by Dr. E. Perconig, show a great

deal of resemblance in morphology, except for the umbilical side which is
somewhat more highly convex than it is in our average individual.

G. dalii mainly differs from G. menardii form 5 in the sharper angles
formed by the intercameral sutures and the spiral suture, in the reniform
shape of the chambers and in the more highly arched aperture. The same
differentiation is valid with regard to G. menardii form 4. Although both
G. dalii and G. menardii form 3 have reniform chambers, the more recurved
proximal end of the outline of the ultimate chamber and the more highly
arched aperture of G. dalii facilitate the separation from G. menardii form 3.

Rather strongly biconvex individuals with a fairly rapid increase in
whorl height resemble G. merotumida (e.g. pI. 10, figs. 5a-6c).

In addition to Spain and Crete, this species has also been found in
northern Algeria (Chelifbasin). It is worth mentioning that also in Spain and
in Algeria the assemblages are predominantly sinistral.

Globorotalia conomiozea Kennett
PI. 5, 6; figs. 7a-12c; pI. 7, 8,

figs. 7a-12c; textfig. 13.

Globorotalia conomiozea Kennett, 1966, Micropal., vol. 12, pp. 235-236, text fig. 10, pI. 1,
figs. 8-18; pI. 2, figs. 6-13.

Globorotalia miocenica mediterranea Catalano and Sprovieri, 1969, Att. Ace. Gioen. Sc. Nat. Catania,
ser. 7, vol. 1, p. 522, pI. 2, fig. 6; textfig. 3.

Globorotalia sp. Catalano and Sprovieri, 1969, Att. Ace. Gioen. Sc. Nat. Catania, ser. 7, vol. 1, pI. 2,
fig. 7.

Globorotalia hemisphaerica Bizon, 1971, Proc. 2d Plankt. Conf., Roma, 1970, pp. 90-92, pI. 5,
figs. 1-7.

Globorotalia saheliano Catalano and Sprovieri, 1971, Proc. 2d Plankt. Conf., Roma, 1970,
pp. 240-241, pI. 1, figs. 3,4-11; textfig. 17.

Occurrence: Frequent in sample G 494 of the Gavdos Formation (upper part
of section N. of Panayia); rare to frequent in some samples of the



Rethymnon Formation (section Selli) and the Mylopotamou Formation
(section Vryses). Frequent in sample 154/8 of the Faneromeni Formation
(section Sikia).

Remarks: In the Cretan Late Miocene planktonic foraminiferal successions,
G. conomiozea is a conspicuous faunal element. It appears shortly after the
last occurrence of G. menardii form 5. The main variation concerns the
height of the umbilical side and the character of the periphery. The umbilical
side varies from high-convex to conical. Especially the conical individuals are
weakly keeled; in some cases only a faint imperforated thickening along the
equatorial periphery is present. Less conical specimens commonly show a
somewhat more pronounced keel. The number of chambers varies from 4.5
to 5.5. The coiling is predominantly sinistral.

From description and figures there seem to be no differences between
G. conomiozea of the SW. Pacific and our assemblages. Although homeo-
morphy seems to be more likely than immigration, we prefer to use identical
morphology as the prevailing consideration in the naming of assemblages.

The stratigraphic range of G. conomiozea is thought to be identical to that
of G. dalii. As yet, both species have not been found together. G. cono-
miozea can be differentiated from G. dalii by its higher umbilical side and
the more highly arched aperture. Also the outline of the "shoulder" in
peripheral view facilitates separation between both species; it is curved in the
former and sinuous in the latter (see pI. 5, 6). In addition to the differences
in chamber outline in spiral view, such a differentiation has also been applied
to distinguish G. conomiozea from vaulted representatives of G. menardii
form 4 in section Capodarso (sample JT 996), where both species occur
together (see pI. 7, 8).

Outside Crete, G. conomiozea has been recognized in Italy (sections
Capodarso, Torrente Rossi and Cropalati, see IV.3.) and in Algeria
(unpublished).

Within the assemblage of G. conomiozea in sample JT 996 of section
Capodarso, intergradation can be noticed from thin-walled to strongly
encrusted individuals (see pI. 7, 8, figs. 7a-12c). This secondary thickening
probably causes the aperture to become narrow and less highly arched, while
the axial periphery becomes less acute. Such encrusted individuals correspond
to the description and figure of Globorotalia saphoae (Bizon, 1965).

Because of the scarcity of these aberrant forms in our material, the name
G. conomiozea was considered preferable. In our Cretan samples such
encrusted forms have as yet not been found, but Tjalsma (1971) reported
them from southern Spain) (Guadalquivir basin), together with individuals of



G. menardii form 4. Whether these encrusted specimens should be regarded
in this case as morphotypes in the assemblage of G. menardii form 4 cannot
be decided.

According to the literature, several names have been given to such highly
convex to conical Globorotalia in the Mediterranean area: G. miocenica
mediterranea Catalano and Sprovieri (1969), G. hemisphaerica Bizon (1971),
and G. saheliano Catalano and Sprovieri (1971). Considering the descriptions
and figures, all these taxa are morphologically very close to each other and
to G. conomiozea. They may be recognized as morphotypes within the
assemblages of G. conomiozea.

In 1966 Kennett described the lineage from G. miozea via G. conomiozea
to G. crassaformis; in 1968 he stated that his G. crassaformis had better be
named G. puncticulata (Proc. C. M. N. S., 1967, pt. 2, p. 9). Three samples
from the Blind River section, one of the original sections from which the
miozea - lineage has been reported, were kindly provided by Dr. J. P.
Kennett. Although all three members of the lineage should be present, the
choice of the samples must have been rather unfortunate, because we were
unable to observe a notable change in morphology. Admittedly, no statistics
were applied to the material, but all three samples contain fairly high-convex
specimens, which are rather encrusted and have a fairly narrow and low
aperture.

Increase of the conical angle (the degree of convexity) is said to be one of
the major changes in the miozea - lineage (Kennett, 1966), because the
average individual of the stratigraphically highest samples is more conical
than that of the lower samples. A similar trend has been observed by Bizon
(1971) in the G. "menardii" group of the Upper Miocene in the
Mediterranean area. In our Cretan Miocene keeled Globorotalia succession,
such a trend cannot be observed; the first occurrence of G. conomiozea
coincides with an abrupt increase in the conical angle. The successive later
assemblages of G. conomiozea display a random pattern. In some assem-
blages the conical angle varies as much as from 35° to 80°.

Globorotalia scitula group

Representatives of this group are fairly common in the samples of the
Cretan Miocene. In the Pliocene, their representatives playa subordinate role
in the faunal composition.

Although this group was studied extensively, we could neither trace
sustained changes nor elucidate the phylogeny of the group.

In our material five taxa are recognized: G. scitula (Brady), G. gigantea



Blow, G. ventriosa Ogniben, G. suterae Catalano and Sprovieri and
G. subscitula Conato. Apart from G. subscitula, which appears to be an
indicator for the Cretan Pliocene, all species are restricted to the Miocene.

Variation in our assemblages may be rather wide, but it remains rather
constant for each of the species; i.e. a change in the variation patterns has
not been discerned.

A constant coiling direction of the separate species throughout the
stratigraphic column is noticeable. G. scitula and G. subscitula are predomi-
nantly dextrally coiled, whereas G. gigantea, G. ventriosa and G. suterae
predominantly sinistrally. Similar coiling was observed in Italy, Spain and
Algeria. Tjalsma (1971) calculated the percentages of the coiling direction
for the entire group. This resulted in a rather irregular pattern, probably
caused by the presence of more than one species in some of the samples and
by fluctuations in the relative frequency of the individual species in various
parts of the column.

According to some authors (e.g. Bradshaw, 1959, and Casey, 1963),
G. scitula is a deeper water form (more than 150 meter). The frequent
occurrence of representatives of the scitula group in the Kissamou
Formation might indicate that the depth of deposition of the Kissamou
sediments was at least that deep.

Globorotalia scitula (Brady)
PI. 12, figs. 1a-3c

Pulvinulina scitula Brady, 1882, Proc. Roy. Soc. Edinburgh, vol. 11, p. 716, figures in Brady, 1884,
Challenger Exped. Rept., Zool., vol. 9, pl. 103, figs. 7a-c.

Globorotalia scitula (Brady), Banner and Blow, 1960, Cushm. Found. Foram. Res., Contr., vol. 11,
p. 27, pl. 5, figs. Sa-c.

Occurrence: Rare to frequent in the Kissamou Formation (section Khaire-
tiana); rare in the Khairetiana Formation (section Khairetiana); rare to
common in the Apostoli and Rethymnon Formations (section Selli) and
Mylopotamou Formation (section Vryses).

Remarks: Our specimens are corresponding to the diagnosis and figures of
Brady (1882, 1884). The chambers are fairly inflated, the number in the last
whorl varying from 4.5 to 5.5. The umbilical side is low-convex; the
umbilicus is generally fairly wide. The periphery is subacute to subrounded.
Our assemblages are predominantly dextrally coiled.



Globorotalia giganteaBlow
PI. 13, figs. 1a-3c

Occurrence: Common in only one sample (860 S) of the Apostoli Formation
in section Selli.

Remarks: The assemblage is assigned to G. gigantea, because of the generally
biconvex test, the chamber number varying from 4 to 5, and the rapid
increase in chamber size. The size of our individuals, however, is not
essentially different from that of the average individual of G. scitula.
G. gigantea can be differentiated from G. scitula by the less inflated
chambers, the more acute periphery and the less convex umbilical side.
Furthermore, the coiling is predominantly sinistral, which is in contrast with
the predominantly dextral coiling of G. scitula.

Globorotalia ventriosa Ogniben
PI. 11, figs. 1a-4c

Occurrence: One questionable find in the Gavdos Formation (section
Ambelos); common in the lower part of the Kissamou Formation (section
Khairetiana); rare in the lower part of the Apostoli Formation in section
Selli.

Remarks: The average individual of our Cretan assemblages corresponds to
the description and figures of Ogniben (1958). Also topotypes, kindly
provided by the author, underline the great resemblance.

In our G. ventriosa, the number of chambers in the final whorl varies from
4.5 to 6. Decisive for G. ventriosa is the tendency of the last chambers to
extend across the umbilicus, so that it becomes closed or very narrow. This is
clearly shown in Ogniben's figures and topotypes, and is to be observed also
in our Cretan material. Assemblages of G. ventriosa are predominantly
sinistrally coiled.

In our Cretan successions, the assemblages of G. ventriosa have a rather
limited range (lower part of the G. acostaensis Zone).

This species may be differentiated from G. scitula by its more convex
umbilical side, the relatively less inflated chambers and the narrow
umbilicus. A separatiom from G. gigantea is facilitated by the more highly
convex umbilical side and the tendency of the last chambers to extend across
the umbilicus.



Globorotalia suterae Catalano and Sprovieri
PI. 11, figs. 5a-7c

Globorotalia suterae Catalano and Sprovieri, 1971, Proc. 2d Plankt. Conf., 1970, Roma, pp. 241~242,
pI. 1, figs. la-d, 2; textfig. 18.

Occurrence: Rare to frequent in the middle to upper part of the Kissamou
Formation (section Khairetiana). Rare to common in the Apostoli Forma-
tion and the lower part of the Rethymnon Formation (section Selli).

Remarks: G. suterae, described by Catalano and Sprovieri (1971) from the
lower Messinian in Sicily, is a characteristic faunal constituent of our
Miocene faunas.

The test is more or less planoconvex, the aperture is fairly high-arched, and
the number of chambers in the last whorl varies from 4 to 6. The umbilicus
is fairly wide. Assemblages of G. suterae are coiled predominantly sinistrally.

The species can be separated from G. ventriosa by its fairly wide
umbilicus, the looser coiling, its definitely higher-arched aperture, the
relative more inflated chambers and the more or less planoconvex test.

In the Spanish material of the Guadalquivir basin (studied from the
collections of Tjalsma and Verdenius), the separation of G. suterae from G.
ventriosa is rather arbitrary. The individuals of G. suterae are relatively
compactly coiled, with a fairly narrow umbilicus, and the chambers are not
much inflated.

Globorotalia subscitula Conato
PI. 12, figs. 4a-6c

Globorotalia scitula subscitula Conato, 1964, Geo!. Romana, vol. 3, p. 290, figs. 16a-c.
Globorotalia subscitula Conato, Blow, 1969, Proc. 1st Plankt. Conf., Geneva, 1967, vol. 1, p. 357,

pI. 3, figs. 1-3; pI. 39, fig. 8.

Occurrence: Rare in some samples of the Asteri Formation (sections Asteri
and Stavromenos). Common in sample 817 L of the Francocastello
Formation (section Francocastello II).

Remarks: Assemblages of G. subscitula are restricted to our Cretan Pliocene
successions. The species differs from all other representatives of the scitula
group by its very small size and its wall structure. SEM photographs of
G. subscitula show relatively few pores and a rather large interpore distance
(see pI. 12, figs. 4a-6c). The number of chambers varies from 4.5 to 5. The
coiling is predominantly dextral.



Globorotalia margaritae Bolli and Bermudez
PI. 13, figs. 4a-6c

Globorotalia margaritae Bolli and Bermudez, 1965, Bol. Inform. Venez. Geol. Min. Petr., vol. 8,
p. 139, pI. 1, figs. 16-18; Verdenius, 1970, Utrecht Micropal. Bull., vol. 3, p. 84, pI. 9, figs. 4a-c.

Globorotalia hirsuta Conato and Follador, (non d'Orbigny), 1967, Soc. Geol. It., vol. 86, textfig. 6.

Occurrence: The species has not been found in the sections used for the
distribution charts (figs. 11 and 12). Common to frequent in the Parathamna
Formation (sections Voni, Spiliaro, Aitania, and Atsalenio) and the
Stravomenos Formation (section Fortetsa). Common in section Moulete -
Tavronites (Tavronites Formation), and in the Faneromeni Formation in
section Sikia.

Remarks: This characteristic species is a conspicuous constituent of many
foraminiferal assemblages of the Lower Pliocene deposits in Crete, particu-
larly in several sections in central Crete.

Assemblages show considerable morphological variation, mainly con-
cerning the character of the periphery. In all assemblages studied, intergrada-
tion from non-keeled to distinctly keeled individuals has been found. The
non-keeled individuals have an imperforated thickening or band along the
equatorial periphery; they are generally smaller, commonly more equally
biconvex, and show a comparitively slower increase in whorl height.
Individuals with a distinct keel approximate a more concavo-convex cross-
section; they are generally larger and show a relatively rapid increase in
whorl height. The number of chambers in the last whorl varies from 4.5 to
5.5. A reduced final chamber is more frequent in distinctly keeled, large
individuals. The assemblages are predominantly sinistrally coiled.

In the successive assemblages of G. margaritae in the DSDP cores of
Leg. 13, Cita (1973) observed certain evolutionary trends. The main trends
are: 1. increase in size, 2. change in the periphery from subacute without a
distinct keel to acute with a pronounced keel, and 3. change in equatorial
outline from elongate to sub circular. Statistics applied to the material should
substantiate these trends; elaboration of the measurements is reported to be
III progress.

On the basis of this evolution, Cita distinguished three successive
subspecies: G. margaritae p rim itiva, G. margaritae s.s. and G. margaritae
evoluta. As noted already in V. 3., the stratigraphic range of the first-
mentioned subspecies is not yet very clear. Actually, only the transition
from G. margaritae s.s. to G. margaritae evoluta can be followed in the DSDP
cores.

Returning to our Cretan material, four samples were selected for closer



inspection of the G. margaritae contents. They are from supposedly
successive levels of the G. margaritae range. Samples 70AA/9 (section
Spiliaro) and 70D/2 (section Atsalenio) are thought to belong to the lower
and upper parts 'of our G. margaritae Zone, respectively. The two successive
samples 70R/14 and 70R/21 (section Aitania) belong to the lower part of
our G. puncticulata Zone, the latter sample immediately below the extinc-
tion level of G. margaritae. The conclusion based on our material is negative;
we were unable to find any evidence of the trends reported by Cita. It
should be admitted, however, that no statistics were applied to the material.
In all assemblages, all three types resembling the three forms of G. marga-
ritae were found (see pI. 13, figs. 4a-6c); their relative frequencies seem to
be fluctuating at random.

Study of Verdenius' collection from section Carmona (Guadalquivir
basin, southern Spain) gave some interesting information about the possible
descent of G. margaritae. In this section, which is considered to contain the
initial part of the G. margaritae range, the specimens appear to be very close
to the accompanying G. gigantea. The main difference is the presence of an
imperforated thickening along the periphery. Higher up in the section the
keel becomes slightly more pronounced. G. margaritae supposedly evolves
from representatives of the scitula group, i.e. from G. gigantea. These early
assemblages of G. margaritae resemble Cita's G. margaritae primitiva.

Globorotalia crassaformis group

In the literature on Mediterranean representatives of the highly variable
G. crassaformis group, as many as six taxa have been distinguished:
G. crassaformis Galloway and Wissler, G. crassula Cushman and Stewart,
G. crassacrotonensis Conato and Follador, G. crotonensis Conato and
Follador, G. hirsuta aemiliana Colalongo and Sartoni, and G. planoconvexa
Hug.

Judging from the literature and from topotype material in the Utrecht
collections, the main differences between these taxa concern the convexity
of the umbilical side, the equatorial outline and the character of the
periphery.

On the basis of their characteristics types of all these taxa have been
recognized in the Cretan assemblages. In most cases, however, several of
them were recognized within one single, homogeneous assemblage. There-
fore, the greater part of the assemblages cannot be assigned to any of the
above mentioned taxa.

From successive levels of the Italian Pliocene, Conato and Follador (1967)



and Colalongo and Sartoni (1967) recorded two lineages within the
G. crassaformis group. According to Colalongo and Sartoni, G. hirsuta
aemiliana merges into G. crassaformis. Conato and Follador reported a
lineage consisting of the successive members G. crotonensis, G. crassacroto-
nensis and G. crassaformis. Both lineages show an increasing tendency to
convexity of the umbilical side.

The results of Gradstein's investigation (1974), with statistics applied to
the Cretan material, clearly illustrate the absence of such a clear evolutionary
trend in the successive assemblages of the G. crassaformis group. Assem-
blages containing specimens with a relatively low-convex umbilical side are
restricted, however, to the upper part of the Cretan Pliocene succession
(Gradstein, 1974; fig. 42). Also in several other Cretan Pliocene sections,
samples of which recently became available, assemblages of relatively flat
individuals appeared to be restricted to the Upper Pliocene. Lower to Middle
Pliocene assemblages consist of more highly planoconvex specimens. On the
basis of this fairly consistent morphological difference, the assemblages of
G. crassaformis in Crete were subdivided into two groups. At least in Crete,
both groups seem to be suitable for biostratigraphic correlation. A more
detailed diagnosis of both groups is given below.

The Lower/Middle Pliocene group: the individuals of the assemblages
generally have a discontinuous imperforated band along the equatorial
periphery, a subrounded to subacute periphery, and an ovate to subquadran-
gular equatorial outline. They generally show a relative high-convex
umbilical side; the coiling is predominantly dextral.

The Upper Pliocene group: the individuals of the assemblages generally show
a continuous imperforated band along the periphery; some individuals are
even faintly keeled. The periphery is subacute to acute, and the equatorial
outline is quadrangular. Individuals with a relatively flat umbilical side are
restricted to this group. The coiling is predominantly sinistral.

Translation of our two groups in terms of the taxa commonly used in the
Mediterranean area appeared to be difficult. Yet, the average assemblage of
the Lower/Middle Pliocene group approximates the species concept of G.
crassaformis Galloway and Wissler; that of the Upper Pliocene group fits in
rather well with the species concept of G. crassacrotonensis Conato and
Follador.

Our observations on Cretan assemblages of G. crassaformis underline
Gradstein's conclusion (op cit., p. 93), that the Cretan data are opposed to
the lineage concepts proposed by Colalongo and Sartoni and by Conato and
Follador.



Globorotalia crassaformis Galloway and Wissler
PI. 14, figs. 4a-c

Globorotalia crassaformis Galloway and Wissler, 1927, Journ. Pal., vol. 1, p. 41, pI. 7, fig. 12.
cf. Globorotalia crassula Cushman and Stewart, 1930, San Diego Soc. Nat. His., Trans., vol. 6, p. 77,

pI. 7, fig. 1.
Globorotalia crassaformis group Gradstein, 1974, Mediterranean Pliocene Globorotalia, pp.46-53,

pp. 66-68, pp. 76-80, pp. 92-93, pI. 1, figs. 1-12; pI. 2, figs. 1-8.

Occurrence: Rare to frequent in the Asteri Formation (sections Asteri and
Stavromenos) and in the lower-middle part of the Stavromenos Formation in
section Fortetsa.

Remarks: The chambers are fairly globose, sometimes more angular; the
number in the last whorl varies from 4 to 4.S. The test is strongly
planoconvex; the aperture is slit-like. Most individuals are fairly loosely coiled
and have an umbilicus of variable width. The equatorial outline varies from
ovate to subquadrangular. Most of the specimens possess a discontinuous im-
perforated band along the periphery, which is subrounded to subacute. The
assemblages are predominantly dextrally coiled.

Strongly planoconvex individuals with more or less angular chambers and
subacute periphery are close to G. crassula Cushman and Stewart.

G. crassaformis has not been found in Crete below the G. puncticulata
Zone; its last occurrence is in the lower part of our G. bononiensis Zone.

Globorotalia crassacrotonensis Conato and Follador
PI. 14, figs. Sa-c.

Globorotalia c.assacrotonensis Conato and Follador, 1967, Boll. Soc. Geol. It., vol. 84, pp. 557-558,
textfig. 2, 4 no. 3.

Globorotalia crotonensis Conato and Follador, 1967, Boll. Soc. Geol. It., vol. 84, p. 556, textfig. 1,2,
no. 1,2.

Globorotalia hirsuta aemiliana Colalongo and Sartoni, 1967, Giorn. Geol., ser. 2a, vol. 34, p. 3, pI. 30,
figs. 1-5; pI. 31, figs. 2-4; textfig. 2.

Globorotalia crassula Barbieri (non Cushman and Stewart), 1969, Proc. 1st Plankt. Conf., Geneva,
1967, vol. 1, p. 74, pI. 1, figs. 3-5.

Globorotalia plano con vexa Hug, 1970, Mitt. Bayer. Staatsaml. PaI:iont. Hist. Geol., vol. 10, pp. 98-100,
pI. 8, figs. 3,4.

Globorotalia crassaformis group Gradstein, 1974, Mediterranean Pliocene Globorotalia, pp.46-53,
pp. 66-68, pp. 76-80, pp. 92-93, pL 3, figs. 1-8; pL 4, figs. 1-8.

Occurrence: Rare to frequent in the Francocastello Formation (section
Francocastello II). Common in the upper part of the Stavromenos Forma-
tion in section Fortetsa; rare to common in some samples of the Morias
Formation (section Morias) and Tsoutsouras Formation (section Tsou-
tsouras); common in the uppermost sample (182/19A) of the Faneromeni
Formation in section Sikia.



Remarks: The chambers are angular; the number in the last whorl ranges
from 4 to 4.5. The umbilical side varies from fairly high-convex to relatively
flat. The individuals are generally tightly coiled; the umbilicus is mostly
narrow, sometimes fairly wide. The equatorial outline is quadrangular. The
periphery is subacute to acute, and a continuous imperforated band or
thickening is present along the periphery. The assemblages are predomi-
nantly sinistrally coiled.

Topotype material of G. hirsuta aemiliana and of G. crotonensis from the
Utrecht Collections shows these taxa to be identical to the relatively flat
specimens within our assemblages. The relatively high-convex individuals
closely resemble G. planoconvexa, described by Hug (1970) from the
Pliocene of Cephalonia, Greece. Direct comparison with material of
G. crassula in the sense of Barbieri learned that his specimens are unseparable
from the topotypes of G. hirsuta aemiliana.

The range of G. crassacrotonensis in Crete comprises the upper part of the
G. bononiensis Zone and the G. inflata Zone.

In section Pigadia (Karpathos, Greece), G. crassacrotonensis was found at
the same stratigraphic level as in Crete.

Globorotalia puncticulata (Deshayes)
PI. 14, figs. 2a-c

Globigerina puncticulata Deshayes, 1832, Encyclopedie Methodique; Hist. Nat. de Vers, Mme. v.
Agasse, vol. 2, pt. 2, p. 170 (no figures: lectotype designated by Banner and Blow, 1960).

Globorotalia puncticulata (Deshayes), Banner and Blow, 1970, Contr. Cushm. Found. Foram. Res.,
vol. 11, pp. 15-17, pI. 5, fig. 7 (lectotype).

Globorotalia puncticulata group Gradstein, 1974, Mediterranean Pliocene Globorotalia, pp.53-55,
p. 68, pp. 93-94, pI. 5, figs. 1-6; pI. 6, figs. 5-10.

Occurrence: Rare to frequent in the lower part of the Asteri Formation
(section Asteri). Rare to frequent in the Parathamna Formation (sections
Aitania, Morias, Atsalenio and Voni), in the basal part of the Stavromenos
Formation (section Fortetsa) and in the lower-middle part of the Fanero-
meni Formation in section Sikia.

Remarks: The average individuals of our assemblages closely agree with the
diagnosis and figures of the lectotype, designated by Banner and Blow
(1960). Individuals with a relatively strongly flattened umbilical part of the
chambers are found in almost all assemblages. The number of chambers in
the final whorl varies from 4.5 to 5.5. The aperture is generally arched and
usually bordered by a thin rim. The periphery is slightly rounded. A keel or
imperforate peripheral band is absent. The coiling is predominantly sinistral.

No general trend can be discerned in our successive assemblages. Only in



both sections Asteri and Aitania, the aperture appears to become more
highly arched and more restricted in stratigraphically higher samples. Other
sections, however, did not reveal such a change.

G. puncticulata 'may be differentiated from both G. crassaformis and
G. crassacrotonensis by the absence of an imperforate band or thickening
along the periphery and by the presence of an arched aperture.

Our observations on assemblages of G. puncticulata strengthens Gradstein's
not accepting the idea of a phylogenetic transition from G. puncticulata to
G. bononiensis, as suggested by Colalongo and Sartoni (1967).

Globorotalia bononiensis Dondi
PI. 14, figs. la-c.

Globorotalia bononiensis Dondi, 1963, Boll. Soc. Geol. It., vol. 81, pp. 162, pl. 4, figs. 41-45; Dondi
and Papetti, 1968, Proc. 4th Sess. CMNS, Bologna 1967, Giorn. Geol., ser. 2a, vol. 35, pt. 3, pl. 5,
figs. 1a--c.

Globorotalia bononiensis group Gradstein, 1974, Mediterranean Pliocene Globorotalia, pp. 55-56,
p. 71, p. 94, pl. 6, figs. 1-4; pI. 7, figs. 1-3.

Occurrence: Rare to frequent in the Asteri Formation (sections Asteri and
Stavromenos). Frequent in only one sample (817 E) of the Francocastello
Formation (section Francocastello II). Rare to frequent in the Parathamna
Formation (sections Atsalenio and Gouves), Stavromenos Formation
(section Fortetsa), Morias Formation (section Morias) and Faneromeni
Formation in section Sikia.

Remarks: in the Cretan assemblages of G. bononiensis, the average individual
is characterized by a planoconvex test and inflated chambers. The number of
chambers in the final whorl varies from 4 to 6. The aperture is large and
highly arched, bordered by a fairly distinct rim. The periphery is broadly
rounded. A keel or imperforate band is absent. The assemblages are
predominantly sinistrally coiled.

In the Francocastello Formation (section Francocastello II), Gradstein
(1974) recorded a morphological transition from G. bononiensis to the
stratigraphically younger G. inflata. This transition is well illustrated on his
plate 7, figs. 1-8. The assemblage of sample 817 E is assigned to G. bono-
niensis. The next younger assemblages of samples 817 F, 817 M and 817 H
are considered to be transitional, and the assemblage of sample 817 L is
referred to G. inflata. The main morphological change which takes place in
the successive assemblages concerns the height of the aperture, the shape of
the chambers and their number. The relative number of individuals with a
fairly low aperture and approximately four, less globose chambers in the
final whorl increases. As emphasized already by Gradstein (op. cit., p. 95), it
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is uncertain whether this transltlOn is a reflection of a more widespread
evolutionary change. So far such a transition has not been observed in other
Cretan sections. The lineage from G. bononiensis to G. inflata, suggested by
Colalongo and Sartoni (1967) on the basis of material from the Po valley,
might indicate that this transition is of interregional significance.

The origin of G. bononiensis is obscure; it seems to be indigenous to the
Mediterranean basin.

G. bononiensis may be differentiated from G. puncticulata by its higher
aperture, its globose chambers and its broadly rounded periphery.
I

Globorotalia inflata (d'Orbigny)
PI. 14, figs. 3a-c

Globigerina inflata d'Orbigny, in: Barker, Webb and Berthelot, 1839, Hist. Nat. Iles Canaries,
"Forarniniferes", vol. 2, pt. 2, p. 134, pI. 2, figs. 7-9.

Globorotalia inflata (d'Orbigny), Parker, 1967, Bull. Arner. Pal., vol. 52, no. 235, p. 179, pI. 29,
figs. 1, 3.

Globorotalia inflata group Gradstein, 1974, Mediterranean Pliocene Globorotalia, pp. 56-57,
pp. 71-75, pp. 80-82, pp. 94-95, pI. 7, figs. 4-12; pI. 2, fIg. 10.

Occurrence: Rare in the uppermost sample (817L) of the Francocastello
Formation in section Francocastello II. Rare in sample 30 of the Tsoutsouras
Formation (section Tsoutsouras).

Remarks: Assemblages assigned to G. inflata consist of individuals with a
fairly low aperture and with chambers which are somewhat flattened at the
umbilical side. The number of chambers in the ultimate whorl varies from
3.5 to 4. The umbilicus is usually narrow. A keel or imperforate peripheral
band is absent. Assemblages are predominantly sinistrally coiled.

Differentiation from G. puncticulata and G. inflata, especially when a
small number of specimens is available, appears to be difficult. The rounded
periphery, the narrow to closed umbilicus and the relatively small number of
chambers (3.5 to 4) in the final whorl together are indicative for G. inflata.

VIII.3.2. Family GLOBIGERINlDAE Carpenter, Parker and Jones, 1862

VIII.3.2.1. Genus Globigerina d'Orbigny, 1826

Globigerina praebulloides Blow
PI. 16, fig. 5; pI. 17, fig. 6

Globigerina praebulloides Blow, 1959, Bull. Arner. Pal., vol. 39, no. 178, p. 180, pI. 8, figs. 47a-c;
pI. 9, fig. 48.

Occurrence: Rare to common in all our Miocene sections.



Remarks: The species is characterized by the relatively small, moderately
arched aperture and by the finely pitted wall structure. The individuals
usually possess four chambers in the final whorl. The umbilicus is fairly small
and not deep. The equatorial outline is slightly elongate.

Blow (1959,1969) considers G. praebulloides ancestral to G. bulloides.

Globigerina bulloides d'Orbigny
Pl. 16, fig. 6;pl.17, fig. 7

Globigerina bulloides d'Orbigny, 1826, Ann. Sci. Nat., Paris, ser. 1, vol. 7, p. 277, list 1, models 17
and 76; Banner and Blow, 1960, Cushm. Found. Foram. Res., Contr., vol. 11, pp. 3-4, pI. 1,
figs. 1,4; Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 74, pI. 10, figs. 4a-c.

Occurrence: Rare to frequent in all Miocene sections; relatively rare in our
Pliocene sections.

Remarks: Variation in G. bulloides mainly concerns the height and width of
the aperture and its position, which ranges from umbilical to umbilical-extra-
umbilical.

Individuals with an umbilical-extraumbilical aperture resemble G. pseudo-
besa. In some samples of the Mylopotamou Formation (section Vryses),
Asteri Formation (sections Asteri and Stavromenos) and the Francocastello
Formation (section Francocastello II), assemblages of G. bulloides and
G. pseudobesa show some overlap in variation.

G. bulloides may be separated from G. praebulloides by its usually large,
highly arched aperture, its large umbilicus and its more subcircular equatorial
outline.

Evidence of the close relationship to G. praebulloides is found in the
similarity of the wall structure. Both G. praebulloides and G. bulloides have
a relatively smooth test surface with small pore openings and spine bases in
between. Especially in the earlier chambers of the last whorl, these
spine bases are connected by interpore ridges (pl. 16, figs. 5,6; pl. 17, figs.
6,7).

Globigerina pseudobesa (Salvatorini)
Pl. 16, fig. 7

Turborotalia pseudobesa Salvatorini, 1966, Atti Soc. Tosc. Sc. Nat., vol. 73, p. 10, pI. 2, figs. 6a-15.
Globorotalia gavalae Perconig, 1968, Proc. 4 th Sess. CMNS, Bologna 1967, Giorn. Geol., Bologna,

ser. 2a, vol. 35, pt. 3, p. 221, pI. 6, figs. 6-9.
Globigerina pseudobesa (Salvatorini), Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 72, p. 10,

figs. 1-2; textfig. 16.



Remarks: Topotype material of G. pseudobesa in the Utrecht collections
shows great resemblance to the average individual of the Cretan assemblages.
The more or less umbilical-extraumbilical aperture and the rapid increase in
chamber size are characteristic of this species. The number of chambers in
the final whorl varies from 3.5 to 5. Bullate individuals are relatively
frequent in the Asteri Formation (sections Asteri and Stavromenos) and in
the Francocastello Formation (section Francocastello II).

Variation" mainly "concerns the position of the aperture; in a number of
assemblages the aperture shifts either towards a nearly umbilical position or
to an equatorial position. The first case demonstrates the overlap in variation
between the assemblages of G. pseudobesa and G. bulloides; in the second
case G. pseudobesa intergrades with Globigerinella siphonifera.

Similarity in wall structure between G. pseudobesa and G. bulloides
strengthens Tjalsma's assumption (1971, p. 72) of the close phyloge~etic
relationship between both species.

No actual difference seems to exist between the holotype figures of
G. gavalae Perconig and G. pseudobesa.

Globigerina falconensis Blow
PI. 16, fig. 9; textfig. 14

Globigerina falconensis Blow, 1959, Bull. Amer. Pal., vol. 39, no. 178, p. 177, pl. 9, fIgS.40a-c, 41;
Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 76, pl. 11, figs. 1-2; textfig. 17.

Occurrence: Rare to frequent in all sections.

Remarks: Variation within our assemblages of G. falconensis mainly con-
cerns the apertural rim, which varies from strongly protruding to nearly
absent. The number of chambers in the final whorl ranges from 3.5 to 4.5
(see text fig. 14). In some assemblages the aperture shifts from the umbilicus
to a more extraumbilical position.

At various levels throughout the Cretan succession, assemblages contain
individuals with a distinctly elongate equatorial outline, a low aperture and a
prominent bulbous final chamber. Such specimens are close to G. bulbosa Le
Roy.



Specimens with an extremely low aperture, a strongly lobulate periphery,
globular chambers and deeply depressed sutures show great resemblance to
G. foliata Bolli.

The wall structure of G. falconensis is very similar to that of G.
praebulloides, G. bulloides and of G. pseudobesa. It can be separated from
G. praebulloides and G. bulloides by the strongly pronounced aperturallip.

Globigerina apertura Cushman
Pl. 16, figs. 1,2; textfig. 15

Globigerina apertura Cushman, 1918, U.S. Geol. Surv., Bull., vol. 676, p.57, pI. 12, figs.8a-c;
Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 75, pI. 10, figs. 5a-c, 7.

Globigerina riveroae Bolli and Bermudez, 1965, Bol. Inf. Asoc. Venez. Geol., Min, Petr., vol. 8 p. 137,
pI. 1, figs. 1-6.

Globigerina bulloides apertura Cushman, Blow, 1969, Proc. Ist Plankt. Conf., Geneva, 1967, vol. 1,
p. 317, pI. 12, fig. 8.

Occurrence: Rare to frequent in all sections.

Remarks: G. apertura is a characteristic element in the Cretan planktonic
foraminiferal faunas. Usually it can be easily recognized by the highly arched
aperture, the incised sutures and the rather strongly raised early portion of
the test. The aperture is bordered by a faint rim. The number of chambers in
the final whorl ranges from 3.5 to 4. Bullate individuals have been found in
some samples of the Apostoli, Kissamou and Asteri Formations (sections
Selli, Khairetiana and Asteri-Stavromenos, respectively).

Trends observed in our successive assemblages of G. apertura are (see also
textfig. 15):
1. increasing width and height of the aperture,
2. increasing width of the umbilicus,

/£•.•.••..._.:.~.........•.::...::.....:.,:...._.,.::'..•...••..:::•.:J!.:.•. :.~:[ .•.' ..... :.'.'.;,

~<t;{ _ )Y

_.:.:":;:''-~~-
..r(" :~':'-'. /.-:"~-"-':~"::~..:-:}.,

,(fIA El)
<£:. e

Fig. 15 Vertical variation of Globigerina apertura Cushman. X 50.
Average individuals from successive samples through the Cretan Neogene sequence: a:
sample G 480, Gavdos Formation; b - e: samples M 786, M 793, M 796, M 802, Kissamou
Formation; f: sample 848 B, Asteri Formation and g: sample 817 J, Francocastello Forma-
tion. From a - g there is an increasing width and height of the aperture, an increasing width
of the umbilicus and a progressively more obliquely placed final chamber.



3. increasing relative number of individuals with an obliquely placed final
chamber.

These trends can also be observed in several sections in Italy. They may be
applicable to interregional biostratigraphic correlations. The average individ-
ual of the Miocene assemblages possesses a relatively small to moderately
large aperture and a narrow and deep umbilicus; the average Pliocene
individual usually demonstrates a relatively large aperture and a fairly wide
umbilicus (see pl. 16, figs. 1, 2).

The holotype description and figures of Cushman (1918) agree best with
the aver;.ge individual of our Pliocene assemblages.

Considering the holotype description and figure, G. riveroae Bolli and
Bermudez (1965) seems to be similar to G. apertura. Topotypes of G. rive-
roae, present in the Utrecht collections, do not show any actual difference
with the average individual of our Pliocene assemblages. Part of the topotype
material shows an obliquely placed final chamber.

Considering G. apertura to be a subspecies of G. bulloides, as done by
Blow (1969), cannot be substantiated. In our opinion the cancellated wall-
structure and the apertural rim of G. apertura permit a clear separation from
G. bulloides. Bolli and Bermudez noted the great resemblance between G.
riveroae and G. bulloides. However, the topotypes of the former show a
different type of wall-structure.

Specimens similar in morphology to G. apertura, but with a secondary
aperture, are assigned to Globigerinoides bulloideus Crescenti.

Globigerina decoraperta Takayanagi and Saito
Pl. 16, fig. 3.

Globigerina druryi decoraperta Takayanagi and Saito, 1962, Rep. Tohoku Univ. Sendai, Japan. Sec.
ser. (Geology). spec. vol. 5. p. 85, pI. 28, figs. lOa-c.

Globigerina decoraperta Takayanagi and Saito, Parker, 1967, BulL Amer. Pal., vol. 52, no 235, p. 149,
pI. 19, figs. 1-2.

Occurrence: Rare to common in the Gavdos Formation (sections Ambelos
and N. of Panayia); Kissamou Formation (section Khairetiana); Apostoli
Formation (section Selli); Khairetiana Formation (section Khairetiana);
Rethymnon Formation (section Selli) and Mylopotamou Formation (section
Vryses) .

Remarks: In the Cretan plankton faunas, G. decoraperta is characterized by
its generally somewhat radially elongate final chamber and by the semicircu-
lar aperture bordered by a protruding rim.

Overlap in variation between assemblages of G. decoraperta and G. aper-



tura is observed in some samples of the Kissamou Formation (section
Khairetiana). The somewhat radially elongate final chamber and especially
the protruding rim permit the separation of both species.

Some assemblages from the Apostoli Formation (section Selli) and from
the Kissamou Formation (section Khairetiana) contain individuals close to
Globigerina druryi Akers. G. decoraperta may be differentiated from G.
druryi by its finer, less protruding, apertural rim.

The species appears to be restricted to the Cretan Miocene. Also in our
Italian sections, G. decoraperta has not been found in the Pliocene. Our
observations are in contrast with the data of several authors on Mediter-
ranean planktonics (e.g. Mazzola, 1971), who reported this species from the
Pliocene. Outside the Mediterranean basin, the range of G. decoraperta
definitely extends into the Pliocene.

Globigerina nepenthes Todd
PI. 16, fig. 4

Globigerina nepenthes Todd, 1957, U.S. Geol. Survey, Prof. Paper 280-H, p. 301, pI. 78, figs. 7a-b;
Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 78, pl. 11, figs. 3a-b; textfig. 19.

Occurrence: Rare to frequent in the Gavdos Formation (sections Ambelos
and N. of Panayia), Kissamou Formation (section Khairetiana), Apostoli
Formation (section Selli), Khairetiana Formation (section Khairetiana),
Rethymnon Formation (section Selli) and Mylopotamou Formation (section
Vryses).

Remarks: This characteristic species continues its range into the Cretan basal
Pliocene. It has not been found higher than the G. margaritae Zone. Outside
the Mediterranean basin, its range is generally accepted to extend into the
Middle Pliocene.

According to Blow (1969) G. druryi Akers is considered to be the ances-
tor of G. nepenthes.

Globigerina continuosa (Blow)
PI. 15, figs. la-2c; pI. 17, fig. 9; textfig. 16

Globorotalia opima continuosa Blow, 1959, Bull. Amer. Pal., vol. 39, no. 178, pp. 218--219, pl. 19,
figs. 125a-c.

Globorotalia continuosa Blow, Blow, 1969, Proc. 1st Plankt. Conf., Geneva, 1967, vol. 1, p. 347, pI. 3,
figs. 4-6.

Globigerina aff. pachyderma Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, pp.69-71, pl. 9,
figs. 4-8; textfig. 15.

Occurrence: Rare to frequent in some samples of the Gavdos Formation
(sections Ambelos and N. of Panayia), in the Tefeli Formation (sections



Tefeli (lower and middle part) and Lefkochorion) and in the Kalamavka
Formation (section Kalamavka and Vasiliki).

Remarks: In the lower part of the Cretan Neogene, several samples were
found to contain highly variable assemblages of turborotaliid individuals.
Judging from the holotype description and figures, the average individuals of
these assemblages show great resemblance to G. continuosa Blow. They are
characterized by a rhombic, slightly lobulate eq~atorial outline and a
broadly rounded periphery. The spiral and umbilical sides are more or less
parallel. The ultimate whorl usually consists of four inflated, reniform
chambers. The umbilical to extraumbilical aperture is fairly high-arched,
bordered by a rim or lip.

Variation in our assemblages mainly concerns the number of chambers in
the final whorl and the position of the aperture (textfig. 16). With a nearly

Fig. 16 Variation within a single assemblage of Globigerina continuosa Blow in sample G 485,
Gavdos Formation. X 50.
From a - f the number of chambers in the final whorl increases from 3.5 to nearly 5. The
position of the aperture changes from umbilical to umbilical - extraumbilical. Specimen f
shows a reduced final chamber.

umbilical position of the aperture the number of chambers amounts to 3.5
to 4; the aperture is semicircular. Individuals in which the aperture has a
more extraumbilical position have 4.5 to 5 chambers; the last chamber may
be somewhat reduced. Removal of the last chambers of such 4.5 to 5
chambered specimens shows that they all have a more umbilically positioned
aperture in the earlier portion. Our assemblages are predominantly dextrally
coiled.

Blow (1959, 1969) considers G. continuosa as ancestral to G. acostaensis.
The transition takes place near the N15/N16 zonal boundary.

In our Cretan material, this transition can be observed in the Vasiliki
section (see 11.2.5.). The assemblage in the stratigraphically lowermost
sample (Fo 442) of this section is assigned to G. continuosa. The assemblages
of the succeeding samples Fo 448 and Fo 455 are considered to be transi-
tional, and the assemblage of the stratigraphically highest sample (Fo 454) is
referred to G. acostaensis.

The main morphological changes taking place in these successive assem-



blages concern the position and the heigth ~f the aperture, the characteristics
of the lip and the equatorial outline. The relative number of individuals with
an extraumbilical, less highly arched aperture, bordered by a more promi-
nent lip, and with a more strongly lobulate equatorial outline increases in
upward direction. The coiling changes from predominantly dextral in G.
continuosa, via random coiling in intermediate assemblages to predominantly
sinistral in the higher assemblages of G. acostaensis.

A similar transition 'from G. continuosa to G. acostaensis has been ob-
served in the lower part of the Tortonian type section (see VI.2.).

From direct comparison with Tjalsma's G. aff. pachyderma, described
from the Guadalquivir basin, Spain (1971, op dt. pp. 69-71), it appears that
his assemblages fit well within the range of variation of our Cretan G.
continuosa. In the Spanish material, however, the position of the aperture is
more frequently umbilical.

Because the wall is coarsely pitted, with spine bases, this species is referred
to the Globigerinidae (see pI. 17, fig. 9).

Globigerina acostaensis (Blow)
PI. 15, figs. 3a-6c; pI. 17, fig. 8; textfig. 17

Globorotalia acostaensis Blow, 1959, Bull. Arner. PaL, vol. 39, no. 178, p. 208, pI. 17, figs. 106a-c,
107; Takayanagi and Saito, 1962, Rep. Tohoku Univ. Sendai, Japan, Sec. ser. (Geology), spec.
vol. 5, pp. 75-76, pI. 24, figs. 2a-c.

Globigerina globorotaloidea Colorn, Tjalsrna, 1971, Utrecht Micropal. Bull., vol. 4, pp. 57-58, pI. 8,
figs. 8a-b; pI. 9, figs. 1a-2c, 3; textfig. 14.

Occurrence: This species is rare to frequent in the greater part of our Cretan
successions, i.e. in all sections studied, with the exception of sections
Ambelos and N. of Panayia (Gavdos Formation), section Tefeli (lower and
middle parts) and Lefkochorion (Tefeli Formation) and the sections Kala-
mavka and Vasiliki (part of the Kalamavka Formation).

Remarks: Some trends observed in our successive Miocene assemblages of
G. acostaensis are (see also textfig. 17):
1. increasing number of chambers in the final whorl. In the stratigraphically

lowermost samples it is 4 to 4.5, in the uppermost part of our Miocene
sequence,S to 6.

2. increasing width of the umbilicus,
3. increasingly lobulate periphery,
4. increasingly higher spired test.



As outlined already in VII.l., these trends can only be traced in the
successive Miocene assemblages with selected large individuals (>250 pm).
The above-mentioned trends come virtually to an end in the Latest Miocene.
Pliocene specimens of G. acostaensis are very rare in the >250 pm sieve
residues; assemblages in this interval commonly consist of dwarfed individ-
uals. Similar observations hold true for our Italian sections.

The observed trends in G. acostaensis are identical to those, which take
place in part of the G. dutertrei lineage (Lamb and Beard, 1971), i.e. in the
interval which comprises the "consecutive" range of G. acostaensis and part
of the range of G. humerosa.

Humerosa-types (pl. 15, figs. 5a~6c) are prevailing in some assemblages of
G. acostaensis in the following sections: upper part of section Khairetiana
(Kissamou Formation), section Selli (Rethymnon Formation), section
Vryses (Mylopotamou Formation) and section Khairetiana (Khairetiana
Formation). Such individuals possess 5 to 6 chambers in the last whorl, a
lobulate outline, a fairly wide umbilicus; they are relatively high spired.

Noteworthy is the coiling pattern of G. acostaensis. Predominant sinistral
coiling has been observed from its first occurrence up to the Uppermost
Miocene, i.e. the middle part of section Khairetiana. Approximately at this
level, a shift is found to predominantly dextral; this preferential coiling
direction continues in the Pliocene. The change is of great biostratigraphic
value, since it has also been observed in the Uppermost Miocene of Algeria
and Italy. In section Capodarso (Sicily; see also IV.3.1.), this shift takes
place at a short distance above the Tortonian - Messinian boundary.

Bandy et al. (1967) and Tjalsma (1971) consider G. acostaensis to be a
junior synonym of G. globorotaloidea Colom. As mentioned already by
Tjalsma (op cit., p. 69), the holotype of G. acostaensis (Blow, 1959) seems
to be the central form in Colom's (1954) great number of highly variable

Fig. 17 Vertical variation of Globigerina acostaensis Blow. X 50. Specimens a - e show the average
individuals of assemblages from successive, selected, Miocene samples; specimen f approxi-
mates the average individual of Pliocene assemblages.
a - d: samples M 784, M 791, M 796, M 806, Kissamou Formation; e: sample M 876,
Khairetiana Formation and f: sample 884 Q, Asteri Formation. From a - e there is an
increase in the number of chambers, an increase in width of the umbilicus, and the
periphery becomes progressively more lobulate. Specimens d and e are identical to Globi-
gerina humerosa (Takayanagi and Saito). Specimen f is again similar to specimens a and b.



individuals. Although we agree with Bandy et al., and with Tjalsma, our
assemblages have been referred to G. acostaensis, because this name is so
widely recognized in the literature.

Because of the cancellated wall structure, this species has been placed in
the Globigerinidae (see pl. 17, fig. 8).

Globigerina quinqueloba Natland, 1938, Scripps Inst. Oceanogr., Bull., Tech. ser., vol. 4, p. 149, pl. 6,
figs. 7a-c; Asano, Ingle and Takayanagi, 1968, Proc. 4th Sess. CMNS, Bologna, 1967, Giorn. Geol.,
ser. 2a, vol. 35, pt. 2, p. 217, figs. 4, 6, 8, 9, 11 and 12.

Occurrence: Rare to frequent in all sections.

Remarks: The average individual of the Cretan assemblages is characterized
by its finely hispid test surface and its small size (125 pm sieve residues).
Usually, the final whorl consists of 5 of 6 chambers. Individuals with a
modified last chamber that extends across the umbilical region are relatively
frequent in the Asteri (sections Asteri and Stavromenos) and Francocastello
Formations (section Francocastello II). Some assemblages from the
Apostoli (section Selli) and Kissamou Formations (section Khairetiana)
contain specimens with a nearly umbilical aperture. They are close to
juveniles of G. falconensis, from which they can be separated, however, by
the number of chambers in the final whorl: 5 to 6 in G. quinqueloba versus
3.5 to 4.5 in G. falconensis.

Some' samples of the Khairetiana Formation (section Khairetiana) are
found to contain assemblages of G. quinqueloba, the individuals of which
differ from those in other Cretan sections by 5.5 to 7 relatively high and
narrow chambers in the last whorl. They have a rather pronounced lobulate
periphery and a strongly rugose or even pustulose surface of the test. In
these respects they closely resemble topotypes of Globigerina multiloba,
presented by Dr. M. Romeo. The species was reported by her (1965) from
the Messinian of Sicily.

Globigerinella siphonifera (d'Orbigny)
PI. 16, fig. 8

Globigerina siphonifera d'Orbigny, 1839, de la Sagra; Hist. Phys. Nat. Cuba, vol. 8, p. 83, pl. 4,
figs. 15-18.

Globigerinella siphonifera (d'Orbigny), Parker, 1967, Bull. Amer. Pal., vol. 52, no. 235, p. 152, pl. 22,
fig. 5.



Occurrence: Rare to frequent in all sections.

Remarks: After many years of discussion about the differentiation between
the genera Globigerinella Cushman and Hastigerina Thomson, Be (1969)
examined both genera with the Scanning Electron Microscope. In addition to
being larger and thicker, the spines of Globigerinella are spread over the
entire surface of the test, whereas in Hastigerina they are more or less limited
to the equatorial region on the chambers.

Considering this differentiation, our assemblages belong to the genus
Globigerinella.

Variation in our material mainly concerns the number of chambers in the
last whorl, varying from 4 to 5.5, and the planispiral coiling. At various
levels throughout the Cretan sequence, assemblages of G. siphonifera inter-
grade with assemblages of G. pseudobesa.

Globigerinoides bulloideus Crescenti
textfig. 18

Globigerinoides bulloideus Crescenti, 1966, Geol. Rom., vol. 5, p. 43, textfig., 8, no. 3, 3a; textfig. 9;
Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 81, pI. 10, figs. 6a-b; pi. 11, figs. 12a-b; pI. 12,
figs. 1a-3b, 6; textfig. 20.

Occurrence: Rare to frequent in all sections.

Remarks: A detailed description of variation in G. bulloideus has been given
by Tjalsma (1971) on the basis of material from the Guadalquivir basin.
Briefly reviewed, the variation concerns size and shape of the primary
aperture, width of the umbilicus and equatorial outline of the test. Variation
in the Cretan assemblages agrees perfectly well to that in southern Spain.

Fig. 18 Variation within a single assemblage of Globigerinoides bulloideus Crescenti in sample
8840, Asteri Formation. X 50.
A transition from G. bulloideus to a form identical with Globigerinoides ruber (d'Orbigny)
takes place via a downward projection of the upper margin of the primary aperture, which
progressively subdivides this aperture into two adjoining openings. Together with this the
number of thambers in the last whorl decreases from 3.5 to 3.



The usual type in most assemblages is similar to G. apertura, but differs by
having a supplementary aperture. The topotype assemblage of G. bulloideus
also contains this type.

In some assemblages of the Asteri (sections Asteri and Stavromenos) and
Francocastello Formations (section Francocastello II), a downward curving
projection from the upper margin of the primary aperture subdivides the
aperture into two adjoining ones (see textfig. 18). In these individuals the
number of chambers is 3 instead of 3.5. Such three-chambered individuals
with two supplementary apertures are identical to G. ruber. A similar grada-
tion has been reported by Tjalsma (1971) from southern Spain. Probably
G. bulloideus is the predecessor of the earliest G. ruber.

Globigerinoides obliquus Bolli
PI. 16, fig. 12; textfig. 19

Globigerinoides obliqua Bolli, 1957, U.S. Nat. Mus. Bull., vol. 215, p. 113, pI. 25, figs. lOa-c.
Globigerinoides obliquus obliquus Bolli, Perconig, 1969, Riv. Esp. Micropal., vol. 1, p.40, pI. 1,

figs. 6-8. .
Globigerinoides obliquus Bolli, Tjalsma, 1971, Utrecht Micropal. Bull., vol. 4, p. 84, pI. 12, figs. 4a-

5c; textfig. 21.

Occurrence: Rare to frequent in all sections.

Remarks: The Cretan assemblages of G. obliquus are widely variable. Varia-
tion mainly concerns the degree in which the last chambers are laterally
compressed and the height of the primary aperture.

Individuals with hardly compressed chambers and a higher arched aperture
are prevailing in the assemblages of the Gavdos (sections Ambelos and N. of
Panayia), Kissamou (section Khairetiana) and Apostoli Formations (section
Selli). In the stratigraphically higher sections, individuals with laterally more
compressed chambers and a lower aperture are predominating. Specimens
with a strongly reduced final chamber are relatively frequent in all Miocene
sections.

Some assemblages of the Rethymnon Formation (section Selli) display a
remarkable variation (see textfig. 19). Typical individuals of G. obliquus pass
into individuals with a high, strongly inclined final chamber that is hardly
compressed laterally; the latter possess a semicircular supplementary aper-
ture, and the final whorl consists of 3.5 to 3 chambers. Such specimens
resemble G. ruber, but they do not have the multiple supplementary aper-
tures. Such forms have been described by Perconig (1969) as G. obliquus
amplus. According to Perconig (op cit., fig. 2) this subspecies gives rise to
G. obliquus s.s. in the Helvetian - Tortonian of southern Spain.



G. obliquus only differs from G. bulloideus in having laterally compressed
last 3 to 4 chambers. Tjalsma (1971) considers G. bulloideus ancestral to G.
obliquus.

Variants similar to those observed in some assemblages of G. bulloideus,
and closely resembling G. ruber, have been found in the assemblage of
sample 884A of the Asteri Formation (section Stavromenos). Also in these
G. obliquus specimens, a downward projection of the upper margin of the
primary aperture subdivides the aperture into two adjoining openings; the
number of chambers is lower, 3 instead of 3.5.

Fig. 19 Variation within a single assemblage of Globigerinoides obliquus Bolli in sample 860 X,
Rethymnon Formation. X 50.
From a - g typical G. obliquus passes into a form with 3 chambers in the last whorl and a
high, strongly inclined final chamber, that is hardly compressed laterally. Such forms closely
resemble Globigerinoides obliquus amplus Perconig.

Globigerinoides extremus Bolli and Bermudez
PI. 16, fig. 13; textfig. 20

Globigerinoides obliquus extremus Bolli and Bermudez, 1965, BolL Inf. Venez. Geol. Min. Petr.,
vol. 8, p. 139, pI. 1, figs. 10-12.

Occurrence: Rare in the Rethymnon Formation (section Selli). Rare to
frequent in the Mylopotamou (section Vryses), Khairetiana (section Khaire-
tiana), Asteri (sections Asteri and Stavromenos) and Francocastello Forma-
tions (section Francocastello II).

Fig. 20 Variation within a single assemblage of Globigerinoides extremus Bolli and Bermudez in
sample 884 A, Asteri Formation. X 50.
Typical G. extremus passes into a form identical with Globigerinoides elongatus (d'Or-
bigny). Such forms are developed when the primary aperture is subdivided into two
adjoining openings by a downward projection from the upper margin of the primary
aperture.



Remarks: In Crete, G. extremus has developed from G. obliquus in the
Rethymnon Formation in section Selli. It differs from the latter by the
chambers of the last whorl being more lateral-obliquely compressed.

Some overlap in 'variation between assemblages of G. extremus and of G.
obliquus is observed at various levels of the Cretan Pliocene.

In sample 884 A of the Asteri Formation (section Stavromenos), individ-
uals of G. extremus pass into individuals with two supplementary apertures
and 3 chambers in the last whorl. Such individuals are identical to G. elon-
gatus (see text fig. 20). Here again, the transition is caused by a progressively
more downward projection of the upper margin of the primary aperture.

Globigerinoides ruber (d'Orbigny)
PI. 16, fig. 11; textfig. 21

Globigerina rubra d'Orbigny, 1839, in: de la Sagra, Hist. Phys. Nat. Cuba, p. 82 (plates published
separately). Ibid, vol. 8, pI. 4, fig. 5, 12-14.

Globigerinoides ruber (d'Orbigny), Banner and Blow, 1960, Cushm. Found. Faram. Res., Contr.,
vol. 11, p.19, pI. 3, figs.8a-b; Cordey, 1967, Paleont., vol. 10, pp. 647~659, textfigs. 1, 3;
pI. 103, figs. 7-15; Tjalsma, 1971, Utrecht Micropal. BulL, vol. 4, p. 86, pI. 13, fig. 6; textfig. 20
(specimen no. 12).

Occurrence: Rare in all Miocene sections. Frequent in the Pliocene sections.

Remarks: In Crete, C. ruber is rare in the Miocene, but it is a characteristic
constituent of our Pliocene faunas.

At vari9us levels throughout the Cretan Pliocene, assemblages of G. ruber
intergrade with assemblages of G. elongatus: the relatively low and wide
primary aperture gradually changes towards a relatively small semicircular to
loop-shaped aperture. Together herewith the last chambers become increas-
ingly compressed lateral-obliquely (see textfig. 21).

Fig. 21 Variation within a single assemblage of Globigerinoides ruber (d'Orbigny) in sample 817 A,
Francocastello Formation, showing a transition from G. ruber to Globigerinoides elongatus
(d'Orbigny). X 50.
From a - h the last chambers become lateral - obliquely more compressed. The low and
wide primary aperture gradually changes into a small semicircular to loop-shaped opening.



As outlined earlier, vanatlOn in assemblages of G. bulloideus and G.
obliquus tends towards individuals with two supplementary apertures and
3 chambers in the final whorl. Such individuals are referrred to G. ruber.
This overlap in variation between assemblages of G. bulloideus, G. obliquus
and G. ruber at various levels in the Cretan Pliocene may indicate close
relationship of the taxa. It seems plausible that either G. bulloideus or G.
obliquus is a predecessor of the earliest G. ruber.

According to Cordey (1967), G. ruber has developed from individuals
similar to G. obliquus in the Uppermost Miocene. Individuals with 3.5 to
4 chambers in the last whorl would have been succeeded by individuals with
3 to 3.5 chambers, but still with only one supplementary aperture. The
development of another supplementary aperture must lead to G. ruber.
Whether the second supplementary aperture is formed by a progressively
downward curving projection of the upper margin of the primary aperture,
as observed in our Cretan material, has not been clearly described by Cordey.

Globigerinoides elongatus (d'Orbigny)
PI. 16, fig. 10

Globigerina elongata d'Orbigny, 1826, Ann. Sci. Nat., ser. 1, vol. 7, p. 277, list no. 4 (no figures;
lectotype designated by Banner and Blow, 1960).

Globigerinoides elongatus (d'Orbigny), Banner and Blow, 1960, Cushm. Found. Foram. Res., Contr.,
vol. 11, p. 12, pI. 3, figs. lOa-c; Gradstein, 1970, Proc. Kon. Ned. Akad. Wet., ser. B, vol. 73, p. 16,
pl. 1, figs. 4, 4a.

Occurrence: Rare to frequent in all samples of the Asteri (sections Asteri and
Stavromenos) and Francocastello Formations (section Francocastello II).

Remarks: G. elongatus may be differentiated from G. TUber in having a
thicker wall and less inflated chambers, which are usually compressed later-
aI-obliquely. The primary aperture is relatively small and semicircular to
loop-shaped.

In Crete, the first occurrence of G. elongatus is slightly above the Miocene
- Pliocene boundary, in the uppermost part of our G. margaritae Zone.

At various levels throughout the Cretan Pliocene, assemblages of G. elon-
gatus and G. ruber show overlap in variation (see text fig. 21). It seems
plausible that G. elongatus evolved from G. ruber. In sample 884A of the
Asteri Formation (section Stavromenos), G. elongatus intergrades with
G. extremus (see textfig. 20). This is probably an incidental transition.

According to Perconig (1969), G. elongatus evolved from G. extremus in
the Early Pliocene.



Globigerina triloba Reuss, 1950, Denkschr. Kon. Akad.' Wiss., Wien, Math.-Natw. Cl., vol. 1, p. 374,
pI. 47, figs. l1a-d,

Globigerina sacculifera Brady, Brady, 1884, Rep. Voy. Challenger, Zool., vol. 9, p.604, pI. 80,
figs. 11-17; pI. 82, fig. 4.

Globigerinoides sacculiferus var. immatura Le Roy, 1939, Natuurk. Tijdschr. Ned. Indie, vol. 99,
p. 263, pI. 3, figs. 19-21.

Globigerinoides sacculifera subsacculifera Cita, Premoli Silva and Rossi, 1965, Riv. Ital. Paleont., vol.
71, p. 268, pI. 28, figs. 5a-c, 6a-c, 7a-c; pI. 31, fJ.gs.3a-c; textfig. 9 E, E.

Globigerinoides trilobus (Reuss), Tjalsma, 1971, Utrecht Micropal. BulL, vol. 4, p. 92, pI. 15, figs.
la-b, 2, 3; textfig. 22.

Occurrence: Rare to frequent in all sections.

Remarks: Bolli (1957) considered G. sacculiferus (Brady) and G. sacculiferus
immaturus Le Roy to be subspecies of G. trilobus (Reuss). G. trilobus s.s.
differs from G. trilobus immatura in having a final chamber that is larger
than all the earlier chambers combined. G. trilobus sacculiferus may be
separated from G. trilobus immaturus by its elongate, sack-like, last
chamber.

Variation in single, homogeneous assemblages of G. trilobus, at various
levels throughout the Cretan Miocene - Pliocene interval, overlaps several of
these subspecies; separation at subspecies level is difficult. All three sub-
species are therefore considered to be morphotypes of G. trilobus.

In our Cretan sections, the sacculiferus and trilobus types are less common
than the immaturus type. In our assemblages, G. sacculiferus subsacculiferus,
describ'ed by Cita, Premoli silva and Rossi (1965) from the Tortonian type
section, represents a type intermediate between the immaturus and sacculi-
ferus types.

Orbulina suturalis Bronnimann, 1951, Cushm. Found. Foram. Res., Contr., vol. 2, p. 135, textfig. 2,
no.1-IS; textfJ.g. 3, no. 3-8,11,13-16,18,20-22; textfig. 4, no. 2-4,7-12,15-16,19-22;
Blow, 1956, Micropal., vol. 2, p. 66, textfJ.g. 2, no. 5-7; textfig. 3, stage 6.

Biorbulina bilobata (d'Orbigny), Blow, 1956, Micropal., vol. 2, p. 69, textfJ.g. 2, no. 16; textfJ.g. 3,
stage C (lower figure).

Occurrence: Rare to frequent in all sections.

Remarks: Part of the apertural openings in our individuals of O. suturalis is
located along the sutures of the early Globigerina stage; the others are
distributed over the surface of the last chamber. The surface of the test



varies from relatively coarsely cancellated to finely pitted.
Variation mainly concerns the degree in which the last chamber envelops

the preceeding Globigerina chambers. Individuals with a final globular
chamber, which does not completely enclose the penultimate globular
chamber, are considered to be morphotypes of O. suturalis.

Orbulina universa d'Orbigny
Pl. 17, figs. la-4b

Orbulina universa d'Orbigny, 1839, in: de la Sagra, Hist. Phys. Nat. Cuba, p. 2 (plates published
separately). Ibid., voL 8, pL 1, fig. 1; Blow, 1956, MicropaL, voL 2, p. 66, textfig. 2, no. 8-9;
textfig. 3, stage 7.

Biorbulina bilobata (d'Orbigny), Blow, 1956, MicropaL, voL 2, p. 69, textfig. 3, stage C (upper figure).

Occurrence: Frequent in all sections.

Remarks: The inside early Globigerina stage, if present, is usually bulloides-
like. Some individuals from the Kissamou Formation (section Khairetiana)
contain an early Globigerina stage, which resembles G. falconensis.

Variation in wall structure is from finely pitted to coarsely cancellated. A
finely pitted test surface is associated with small pore diameter and a
relatively thin wall; the coarsely cancellated test surface is accompanied with
a large pore diameter and a relatively thick wall. SEM observations (see
pl. 17, figs. la-4b) illustrate that during thickening of the "outer lamellar
unit" (see Be and Hemleben, 1970) the pore diameter increases considerably
toward the outer surface of the test.

Individuals with a final globular chamber, which does not completely
envelop the penultimate globular chamber, are considered to be morpho-
types of O. universa.

VIII.3.2.5. Genus Globoquadrina Finlay, 1947

Globoquadrina dehiscens (Chapman, Parr and Collins)
Pl. 16, fig. 15

Globorotalia dehiscens Chapman, Parr and Collins, 1934, Linn, Soc. London, ZooL, Journ., voL 38,
p. 569, pL 11, figs. 36a-c.

Globoquadrina dehiscens (Chapman, Parr and Collins), Bolli, 1957, U.S. Nat. Mus. Bull., voL 215,
p. 111, pL 24, figs. 3a-4c.

Occurrence: Rare to frequent in some samples of the Gavdos Formation in
section Ambelos.

Remarks: The average individual of our Cretan assemblages is characterized
by its strongly planoconvex test, the four laterally strongly compressed



chambers in the last whorl, and the angular shoulder of the ultimate
chamber.

The equatorial outline is usually quadrangular. Individuals with a reduced
final chamber, which tends to grow in an oblique direction and to cover the
umbilicus, have a subcircular equatorial outline.

Globigerina altispira Cushman and Jarvis, 1936, Cushm. Lab. Foram. Res., Contr., vol. 12, p. 5, pI. 1,
figs. 13a-c, 14.

Globoquadrina altispira altispira (Cushman and Jarvis), Bolli, 1957, U.S. Nat. Mus. Bull., vol. 215,
p. 111, pI. 24, figs. 7a-8b.

Globoquadrina altispira globosa Bolli, 1957, U.S. Nat. Mus. Bull., vol. 215, p.111, pI. 24,
figs. 9a-10c.

Occurrence: Rare to frequent in some samples of the Gavdos (section
Ambelos), Kissamou (section Khairetiana) and Apostoli Formations (section
Selli). Relatively frequent in the lower part of the Asteri Formation in
section Asteri.

Remarks: Variation in the assemblages mainly concerns the height of the
spiral side and the shape of the chambers. High-spired individuals usually
possess axially elongate and laterally compressed chambers; the chambers of
the relatively low-spired individuals are less elongate in axial direction and
more globular. Most individuals have one or more (up to three) reduced final
chamber(s), which may have an oblique direction and tend to cover the
umbilicus.

Bolli (1957) split this species into two subspecies. G. altispira s.s. is
characterized by axially elongate, laterally compressed chambers; the less
high-spired individuals with more globular chambers are typical of G. altispi-
ra globosa. A separation between both types cannot be made in our Cretan
material. Both types have the same stratigraphic distribution in Crete.

Sphaeroidinellopsis group
textfig. 22

Occurrence: Frequent in one sample of the Kissamou Formation (section
Khairetiana). Relatively abundant in the lower part of the Travronitis
Formation (section Moulete-Tavronitis). Rare in some samples of the
Apostoli Formation (section Selli). Common in the Asteri Formation (sec-
tion Asteri and lower part of the Stavromenos section).



Remarks: Variation in our Cretan assemblages of Sphaeroidinellopsis con-
cerns:
1. the structure of the external wall: in some assemblages individuals with a

wall thickening confined to the earlier chambers show continuous varia-
tion with individuals with a thick smooth calcite crust (cortex) over the
entire test surface.

2. the number of chambers in the last whorl: varying from 3 to 4.5.
3. the equatorial outline: individuals with 3 chambers are slightly lobulate,

whereas individuals with 4 to 4.5 chambers have a strongly lobulate
outline.

4. the lip along the aperture: in specimens with incomplete wall-thickening, a
lip is hardly developed; a flange-like lip is restricted to individuals entirely
covered by a cortex.

5. the opening: 4 to 4.5 chambered individuals possess a fairly high and wide
aperture; those with 3 chambers have a slit-like opening.

Fig. 22 Variation within a single assemblage of Sphaeroidinellopsis in sample M 787, Kissamou
Formation. X 50. From a - g the number of chambers in the final whorl decreases from 4.5
to 3, and the periphery becomes less lobulate. Furthermore, the aperture of specimens a - d
is fairly high and wide in comparison to the more or less slit-like opening in specimens e ~ g.

As to the origin and taxonomic value of Sphaeroidinellopsis, different
opinions have been expressed.

According to Bandy et al. (1967), Sphaeroidinellopsis is an aberrant
terminal growth sta,ge of the immaturus and sacculiferus types of G. trilobus
and G. conglobatus (Brady). Sphaeroidinellopsis must have developed from
both these Globigerinoides species by addition of a cortex and closure of the
supplementary apertures.

According to Blow (1969) "the cortex is not just merely a secondary
thickening but is a structure fundamentally related to the genetics of the



organism". For this reason, Blow does not consider Sphaeroidinellopsis as an
ecophenotypic variant of G. trilobus or G. conglobatus. The various taxa,
distinguished by Blow within the genus Sphaeroidinellopsis, are all con-
sidered to be members of the evolutionary series from S. seminulina
(Schwager) via S. subdehiscens s.s. (Blow) and S. subdehiscens paenedehis-
cens Blow to Sphaeroidinella dehiscens (Parker and Jones). The main trend
in this lineage is the gradual development of a cortex. From S. subdehiscens
paenedehiscens to S. dehiscens, Blow observed the gradual acquisition of a
supplementary aperture.

Observations on Cretan Sphaeroidinellopsis assemblages may support the
opinion of Bandy et al. Firstly, some assemblages (e.g. sample M787 in
section Khairetiana (Kissamou Formation)) show a growth series in which,
with increasing size, a calcite crust gradually covers the honeycomb test
surface of G. trilobus. This finally results in a thick cortex. Secondly, by
dissecting individuals of Sphaeroidinellopsis, we found various types of G.
trilobus inside. Individuals with the sacculiferus type inside the cortex
possess 4 to' 4.5 chambers and are strongly lobulate in equatorial outline.
The apertural opening is relatively high and wide (see textfig. 22a-d).
Specimens enclosing an immaturus or trilobus type are hardly lobulate; they
have 3 to 3.5 chambers in the last whorl and a slit-like aperture (see
textfig. 22e-g).

Individuals with 4 to 4.5 chambers and with a relatively thin cortex
closely resemble S. seminulina and S. grimsdalei (Keyzer).Individuals with 3
to 4.5 chambers, a thick cortex and with flange-like lips are close to
S. sphaeroides Lamb and S. subdehiscens.

Sphaeroidinella dehiscens (Parker and Jones)
Pl. 16, fig. 14

Sphaeroidina bulloides dehiscens Parker and Jones, 1865, Roy. Soc. London, Philos. Trans., London,
vol. 155, p. 369, pI. 19, figs. Sa-b.

Sphaeroidinella dehiscens (Parker and Jones), Banner and Blow, 1960, Cushm. Found. Foram. Res.,
Contr., vol. 11, p. 35, pI. 7, figs. 3a-b.

Occurrence: This species is only present in sample 215/1 from the upper-
most part of the Tsoutsouras Formation (section Tsoutsouras).

Remarks: Just as Sphaeroidinellopsis is considered an ecophenotypic variant
of G. trilobus and G. conglobatus, Sphaeroidinella is considered to have
developed from both the Globigerinoides species (Bandy et al., 1967).



Evidence in support of this opinion has been advanced by Be and Hemleben
(1970). In living assemblages of G. sacculiferus, they found a progressive
calcification, finally leading to the cortex of Sphaeroidinella.

Individuals intermediate between G. trilobus (immaturus type) and
Sphaeroidinella have also been found in our assemblage of S. dehiscens in
Crete.

Contrary to Bandy et al., Blow (1969) considers S. dehiscens as the end
member of his Sphaeroidinellopsis lineage.

Although the origin and taxonomic value of Sphaeroidinella and Sphaeroi-
dinellopsis are differently appreciated, according to both Bandy et al. (1967)
and Blow (1969), Sphaeroidinella is a further development than Sphaeroidi-
nellopsis.

The evolution from Sphaeroidinellopsis to Sphaeroidinella has been
reported from the basal Pliocene of Sicily (Blow, 1969; Cita, 1973) and of
Greece (Bizon, 1967); no evidence of such an evolution has been found in
Crete. S. dehiscens, with broad everted flanges appears as high as the Cretan
Upper Pliocene.

VIII.3.2.8. Genus Globigerinita Bronnimann, 1951.

Globigerinita glutinata (Egger)
Pl. 16, fig. 16; pl. 17, fig. 5 a, b;

textfig. 12

Globigerina glutinata Egger, 1893, Abh. K. Bayer. Akad. Wiss., Munchen, Cl. II, vol. 18, p. 371, pl. 13,
figs. 19-21.

Globigerinitaglutinata (Egger), Parker, 1962, Micropal., vol. 8, p. 246, pI. 9, figs. 1-16.

Occurrence: Rare to frequent in all sections.

Remarks: As outlined by Parker (1962) living specimens belonging to this
genus are non-spi_nose.The results of SEM investigations on Cretan individ-
uals of G. glutinata are in agreement with Parker's observations. The wall is
characterized by its extremely small pores with relative broad protruding
elements in between. These elements are irregularly distributed over the
surface and at some places they are partly or entirely covering the pore
openings. As a consequence, they cannot be considered spine-bases; but they
seem to be secondarily formed rhombohedral crystals (see pl. 17, fig. 5b).
Crystals are less densily distributed over the surface of the bulla and are
generally less coarse (pl. 17, fig. Sa).

Variation in our assemblages is mainly found in the shape of the final
chamber and in the bulla. In some homogeneous assemblages we observed
the following types:



1. individuals with a relatively small arched primary aperture without a bulla
(textfig.23a).

2. individuals with a final chamber which slightly extends across the umbili-
cus, leaving a slit-like apertural opening bordered by a lip (textfig. 23b).

3. individuals with an umbilical bulla, and 2 to 4 infralaminal apertural
openings above the sutures of the previous chambers; sometimes intra-
sutural openings are present as well (textfig. 23 c-j).

Fig. 23 Variation within a single assemblage of Globigerinita glutinata (Egger) in sample 817 M,
Francocastello Formation. X 100. Specimen a has a simple primary aperture; in specimen b
this opening is nearly closed by the final chamber and the pronounced lip. Specimens c - j
show an umbilical bulla, which becomes increasingly larger and more inflated; it possesses 2
to 4 infralaminal openings at the sutures of the previous chambers.

The individuals of the second type closely resemble G. juvenilis Bolli. In
the third case, the individuals are close to G. naparimaensis Bronnimann,
especially so when intrasutural openings are present. Some high-spired
individuals, observed in some assemblages, resemble G. uvula (Ehrenberg). It
is plausible that all these taxa of the literature are morphotypes of G.
glutinata.
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Variation of Globorotalia menardii form 3 Tjalsma in the assemblage from sample
G 491, section N. ofPanayia, Gavdos Formation, Crete. X 96.
In their relatively thick test and in their elongate chamber outline in spiral view our
specimens resemble Globorotalia praemenardii Cushman and Stainforth. They are
different in having a more prominent keel.
The smaller specimens 4 and 5 with fairly high-convex umbilical side and relatively
greater whorl height closely resemble Globorotalia merotumida Blow and Banner.

Variation of Globorotalia menardii form 4 Tjalsma in the assemblage from sample
M 783, section Khairetiana, Kissamou Formation, Crete. X 92.
In the comparison with Globorotalia menardii form 3 note the less elongate chamber
outline of the last 2 or 3 chambers in spiral view and the increase in the angle, formed
by the spiral suture and the proximal end of the intercameral sutures of the last 2 or
3 chambers.
The series of specimens is arranged according to increasing whorl height. Specimens 6
and 7 with an approximately circular equatorial outline and a relatively large test
diameter are very close to Globorotalia menardii s.s. (d'Orbigny). Specimens 9 and
10 show a relatively greater whorl height. They closely resemble Globorotalia
plesiotumida Blow and Banner.



Variation of Globorotalia menardii form 4 Tjalsma In the assemblage from sample
M 785, section Khairetiana, Kissamou Formation, Crete. X 92.
All specimens show an approximately circular equatorial outline. The chamber
outline in spiral view varies from reniform in the early portion of the last whorl to
more or less semicircular in the later part. The proximal end of the last 2 or 3
intercameral sutures are slightly recurved and join the spiral suture at an obtuse angle.
Variation concerns the degree of convexity of the spiral side. Specimens 4 and 5 with
relatively flat spiral side closely resemble Globorotalia pseudomiocenica Bolli and
Bermudez. Specimens 1 to 3 are close to Globorotalia menardii s.s. (d'Orbigny).

Variation of Globorotalia menardii form 5 Tjalsma in the assemblage from sample
M 802, section Khairetiana, Kissamou Formation, Crete. X 84.
Relative to Globorotalia menardii form 4 this taxon is characterized by the more
semicircular chamber outline of the last 3 or 4 chambers in spiral view, especially so
for the final chamber, and by the more strongly recurved proximal end of the last 3
or 4 intercameral sutures.
The series of specimens is arranged according to increasing whorl height. Specimens
10 and 11 closely resemble Globorotalia plesiotumida Blow and Banner in their more
rapid increase in whorl height, the recurved character of the proximal end of the last
3 or 4 intercameral sutures and the fairly high-convex umbilical side. Specimens 6
and 7 with distinctly less rapid increase in whorl height and less high-convex
umbilical side, are similar to Globorotalia menardii s.s.. (d'Orbigny). Specimens 8 and
9 are intermediate.











Variation of Globorotalia dalii Perconig in the assemblage from sample M 806,
section Khairetiana, Kissamou Formation, Crete. X 92.
Globorotalia dalii is characterized by the elongate chamber outline in spiral view,
which facilitates separation from both Globorotalia menardii form 5 and Globoro-
talia menardii form 4. The outline of the final chamber joins the spiral suture at an
obtuse angle or at right angles; the sutures between the previous chambers join the
spiral suture at sharp angles. Globorotalia dalii differs from Globorotalia menardii
form 3 in the recurved proximal end of the outline of the final chamber and in the
more highly arched aperture.

Variation of Globorotalia conomiozea Kennett in the assemblage from sample 860 'YZ,
section Selli, Rethymnon Formation, Crete. X 116.
Note the characteristic high-convex to conical umbilical side, the highly arched
aperture and the elongate chamber outline in spiral view.
Variation concerns: 1. the character of the periphery, specimens 10 and 11
weakly keeled, whereas specimen 7 shows a more pronounced keel; 2. the angle
formed by the outline of the "shoulder" and the peripheral plane (= conical angle of
Kennett, 1966), varying from some 60° in specimen 10 to slightly more than 30° in
specimen 7.



Variation of Globorotalia menardii form 4 Tjalsma in the assemblage from sample
JT 996, section Capodarso, Italy (Sicily). X 84.
From 1 to 6 the umbilical side becomes more high-convex, while the aperture
changes from low-arched to highly arched. In the same order the keel becomes less
pronounced. Such variation has never been observed in our Cretan assemblages.
Specimens 5 and 6 strongly resemble the representatives of Globorotalia conomiozea,
which occur in sample JT 996 as well. The outline of the "shoulder" in peripheral
view is invariably sinuous in Globorotalia menardii form 4, whereas it is curved in
Globorotalia conomiozea.

Variation of Globorotalia conomiozea Kennett in the assemblage from sample
JT 996, section Capodarso, Italy (Sicily). X 84.
From 7 to 12, typical thin-walled Globorotalia conomiozea passes into strongly
encrusted individuals. Calcification starts on the early portion of the last whorl and
gradually continues over the later-formed chambers. This secondary thickening causes
the aperture to become narrow and less highly arched, while the axial periphery
becomes less acute. Strongly encrusted individuals, such as specimen 12, are identical
to Globorotalia saphoae Bizon.











Variation of Globorotalia dalii Perconig in the assemblage from sample A 55, Flatters
Formation, Algeria (Chelif basin). X 117.
Note the characteristic elongate chamber outline in spiral view and the slightly
recurved proximal end of the outline of the final chamber. The immature specimens
5 and 6 with a more rapid increase in whorl height, strongly resemble Globorotalia
merotumida Blow and Banner.

Variation of Globorotalia dalii Perconig in the assemblage from sample 219 G,
section Carmona, Ecija Formation Guadalquivir basin, Spain. X 88.
There is fairly wide variation in the height of the aperture from slit-like (specimen 8)
to highly arched (specimen 12).

Variation of Globorotalia ventriosa Ogniben in the assemblage from sample M 783,
section Khairetiana, Kissamou Formation, Crete. X 108.
The final chamber on the umbilical side tends to extend across the umbilicus so that
the umbilicus becomes closed (specimens 3 and 4) or narrow (specimens 1 and 2).
The aperture is low-arched. All specimens possess a continuous imperforated band
along the periphery.

Variation of Globorotalia suterae Catalano and Sprovieri in the assemblage from
sample M 800, section Khairetiana, Kissamou Formation, Crete. X 108.
The more or less planoconvex test, the highly arched aperture, and the fairly wide
umbilicus facilitate its separation from Globorotalia ventriosa. As in the other
species of the Globorotalia scitula group the characteristic morphology does not
change during ontogeny. All specimens possess a continuous imperforated band along
the periphery.





Variation of Globorotalia scitula (Brady) in the assemblage from sample M 789,
section Khairetiana, Kissamou Formation, Crete. X 92.
Globorotalia scitula differs from Globorotalia suterae in the low-biconvex test and in
the less highly arched aperture. Separation from Globorotalia ventriosa is facilitated
by the wider umbilicus, the low-convex umbilical side and the character of the last
chambers in umbilical view which does not show a tendency to extend across the
umbilicus. All specimens possess a continuous imperforated band along the
periphery.

Variation of Globorotalia subscitula Conato in the assemblage from sample 817 L,
section Francocastello II, Francocastello Formation, Crete. X 168.
The size of the test is very small. All specimens show few pore openings and a rather
wide interpore distance relative to other representatives of the Globorotalia scitula
group.





Variation of Globorotalia gigantea Blow in the assemblage from sample 860 S,
section Selli, Rethymnon Formation, Crete. X 84.
Globorotalia gigantea differs from Globorotalia scitula in the less inflated chambers,
the more acute periphery, and the less convex umbilical side. There is no difference
in size. A continuous imperforated band along the periphery is less distinct if
compared to other representatives of the Globorotalia scitula group. Pore openings,
though less numerous, continue over the periphery.

Variation of Globorotalia margaritae Bolli and Bermudez in the assemblage from
sample 70R/14, section Aitania, Parathamna Formation, Crete. X 83.
Variation mainly concerns the character of the periphery. From 4 to 6, the periphery
changes from acute to subrounded. Specimen 6 shows a continuous imperforated band
along the periphery; specimen 5 is already weakly keeled at the final chamber and
specimen 4 is faintly keeled in the early portion of the last whorl, whereas the final
chamber possesses a more distinct keel. The periphery in all three specimens show
scattered pustules (rhombohedral crystals). The whorl height increases from specimens
6 to 4.
Specimen 6 closely resembles Globorotalia margaritae primitiva Cita, while specimen
4 is identical with Globorotalia margaritae margaritae of Cita (1973). Specimen 5 is
transitional.





Globorotalia bononiensis Dondi from sample 884 N, section Stavromenos, Asteri
Formation, Crete. X 90.
Note the strongly thickened and coarse wall. In the early portion of the last whorl
numerous protruding calcite crystals conceal the pore openings.

Globorotalia puncticulata (Deshayes) from sample 848 F, section Asteri, Asteri
Formation, Crete. X 76.
The wall of the test is secondarily thickened, obscuring pore openings in the early
portion of the last whorl. Globorotalia puncticulata differs from Globorotalia
bononiensis by the less highly arched aperture and the less rounded periphery.

Globorotalia inflata (d'Orbigny) from sample 817 L, section Francocastello II,
Francocastello Formation, Crete. X 122.
Protruding crystals are irregularly distributed over the entire surface. Note the
restricted and relatively low-arched aperture, which facilitates separation from
Globorotalia bononiensis. The rounded periphery, the narrow umbilicus, and the
relatively small number of chambers (3.5 to 4) in the final whorl enable differentia-
tion of the majority of Globorotalia inflata individuals from Globorotalia punc-
ticulata.

Globorotalia crassaformis Galloway and Wissler from sample 848 A, section Asteri,
Asteri Formation, Crete. X 88.
The early portion of the last whorl shows a distinct wall thickening and an indistinct
imperforated band. In the final chamber pore openings continue over the periphery.

Globorotalia crassacrotonensis Conato and Follador from sample 817 B, section
Francocastello II, Francocastello Formation, Crete. X 88.
The periphery is more or less acute with a continuous imperforated band. Protruding
crystals, irregularly distributed over the test surface, cover the pore openings partly or
entirely. .





Globigerina continuosa Blow from sample G 485, section Ambelos, Gavdos Forma-
tion, Crete. X 122.
Our specimens are tightly coiled. The elongate chamber outline in spiral view, the
highly arched aperture bordered by a prominent rim, the narrow umbilicus, and the
strongly inflated chambers are characteristic for the average individual of our Cretan
Globigerina continuosa assemblages.

Globigerina acostaensis Blow from sample M 789, section Khairetiana, Kissamou
Formation, Crete. X 120.
The four chambers in the final whorl, the narrow umbilicus and the slightly lobulate
equatorial outline are primitive features, typical for assemblages from the lower part
of the Cretan G. acostaensis Zone. The cancellated wall type is clearly shown in
specimen 4.

Globigerina acostaensis Blow from sample M 876, section Khairetiana, Khairetiana
Formation, Crete. X 104.
Specimens identical to Globigerina humerosa (Takayanagi and Saito). They possess 5
to 6 chambers in the final whorl, a wide umbilicus and a strongly lobulate equatorial
outline. Such specimens are frequent in the Globigerina acostaensis assemblages from
the Cretan Uppermost Miocene. Note that the final chamber in both specimens is of
relatively small size.





Fig. 1 Globigerina apertura Cushman from sample 848 B, section Asteri, Asteri Formation, Crete.
X 92. The large aperture and the wide umbilicus are characteristic for the average individual
of the Cretan Pliocene. Wall thickening of the early portion of the last whorl conceals the
cancellated structure.

Fig. 2 Globigerina apertura Cushman from sample M 786, section Khairetiana, Kissamou Forma-
tion, Crete. X 94. The relatively small aperture and the narrow umbilicus are common
features in Globigerina apertura from the Cretan Upper Miocene. The wall is distinctly
cancellated.

Fig. 3 Globigerina decoraperta Takayanagi and Saito from sample M 796, section Khairetiana,
Kissamou Formation, Crete. X 122. The semicircular aperture bordered by a protruding rim
enables the separation from the Cretan early Globigerina apertura.

Fig. 4 Globigerina nepenthes Todd from sample 860 H, section Selli, Apostoli Formation, Crete.
X 92.

Fig. 5 Globigerina praebulloides Blow from sample 860 M, section Selli, Apostoli Formation,
Crete. X 92. The spine bases in the early portion of the last whorl are partly connected by
interpore ridges; such ridges are absent on the final chamber.

Fig. 6 Globigerine bulloides d'Orbigny from sample M 797, section Khairetiana, Kissamou Forma-
tion, Crete. X 90. Note the larger aperture and the wider umbilicus relative to Globigerina
praebulloides; the wall structure is similar in both species.

Fig. 7 Globigerina pseudobesa (Salvatorini) from sample 817 E, section Francocastello II, Franco-
castello Formation, Crete. X 90. Interpore ridges occur in the early portion of the test; they
are absent on the final chamber.

Fig. 8 Globigerinella siphonifera (d'Orbigny) from sample 848 G, section Asteri, Asteri Formation,
Crete. X 90. Note the spine bases attached over the entire surface of the test.

Fig. 9 Globigerina falconensis Blow from M 806, section Khairetiana, Kissamou Formation, Crete.
X 111. Interpore ridges are not confined to the early portion of the last whorl, but they
occur as far as part of the final chamber. They create a reticulate test surface.

Fig. 10 Globigerinoides elongatus (d'Orbigny) from sample 884 C, section Stavromenos, Asteri
Formation, Crete. X 90.

Fig.11 Globigerinoides ruber (d'Orbigny) from sample 884 P, section Stavromenos, Asteri Forma-
tion, Crete. X 90.

Fig. 12 Globigerinoides obliguus Bolli from sample 848 F, section Asteri, Asteri Formation, Crete.
X 104.

Fig. 13 Globigerinoides extremus Bolli and Bermudez from sample 884 P, section Stavromenos,
Asteri Formation, Crete. X 98.

Fig. 14 Sphaeroidinella dehiscens Parker and Jones from sample 215/1, section Tsoutsouras, Tsout-
souras Formation, Crete. X 61. Note the smooth cortex over the entire test. Remnants of
spine bases are noticeable at the top of the final chamber. Several pore openings are
bordered by rims.

Fig. 15 Globoquadrina dehiscens (Chapman, Parr and Collins) from sample G 481, section Ambelos,
Gavdos Formation, Crete. X 90.

Fig. 16 Globigerinita glutinata (Egger) from sample 817 M, section Francocastello II, Francocastello
Formation, Crete. X 122. The umbilical bulla possesses four infralaminal openings overlying
the sutures of the previous chambers, as well as some intrasutural openings. The wall is
characterized by extremely small pore openings; blunt structures of protruding rhombohe-
dral crystals are distributed over the entire test, being distinctly smaller on the bulla than on
the earlier cham bel's.





Figs. 1a-4b Details of the wall structure in specimens of Orbulina universa d'Orbigny from sample
M 800, section Khairetiana, Kissamou Formation, Crete. X 534.
Figs. la, 2a, 3a, 4a: transverse views of wall fragments of final chambers; figs. 1b, 2b,
3b, 4b: surface views of the corresponding fragments.
Figs. 1 to 4 are arranged in the order of progressive thickening of the walls. The wall is
made up of two major lamellar units, the "inner lamellar unit" (=i) and the "outer
lamellar unit" (=0) (see Be and Hemleben, 1970), separated by the "primary organic
membrane" (=p). Wall thickness mainly results from differences in thickness of the
"outer lamellar unit" caused by the accretion of additional lamellae. These lamellae are
not visible in our figures; only fig. 4a shows a parting plane between two successive
lamellae (dashed line). Together with the increase in wall thickness, the pore diameter
increases, while the spine bases become more pronounced and interconnected by
interpore ridges. Holes at the top of the spine bases in fig. 2b (= s) mark the location of
former spines.

Figs.5a-b Surface views of the wall of Globigerinita glutinata (Egger) from sample 817 C, section
Francocastello II, Francocastello Formation, Crete. X 1500.
Fig. 5a shows a detail of the umbilical bulla. Note the extremely small pore openings,
partly or entirely covered by blunt protruding rhombohedral crystal aggregates. In
fig. 5b, showing part of the final chamber of the regular whorl, the protruding structures
are more densily distributed.

Figs. 6 Detail of the wall surface of the last chamber in Globigerina praebulloides Blow from
sample M 806, section Khairetiana, Kissamou Formation, Crete. X 587.
Note the pore openings with spine bases in between. Some of the spine bases are
connected by interpore ridges of variable size.

Fig. 7 Detail of the wall surface of the last chamber in Globigerina bulloides d'Orbigny from
sample M 797, section Khairetiana, Kissamou Formation, Crete. X 587.
The wall structure is similar to that of Globigerina praebulloides.

Fig. 8 Detail of the wall surface of an early chamber of the last whorl in Globigerina acostaensis
Blow from sample M 789, section Khairetiana, Kissamou Formation, Crete. X 587.
Note that the spine bases have disappeared owing to the secretion of euhedral, rombo-
hedral crystals.

Fig. 9 Detail of the wall surface of an early chamber of the last whorl in Globigerina
continuosa Blow from sample G. 485, section Ambelos, Gavdos Formation, Crete.
X 587.
The distinctly cancellated wall type is clearly shown.
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