
Proceedings of the Vlllth RCMNS Congress

BIOZONATION OF THE NEOGENE INVERTEBRATE 
MEGAFAUNA OF THE HELLENIC AREA

by
M. D ermitzakis and E. G eorgiades-D ikeoulia

ANN. INST. GEOL. PUBL. HUNG. vol. LXX. Budapestiül, 1987

Introduction. Studying for many years the invertebrate megafauna of the Neogene 
of the Hellenic area, the authors have the possibility to propose a tentative biozonation 
for this geological period. The studied Neogene outcrops are mainly located on Crete 
island, Attica, Peloponnese, north Greece, the Ionian islands and the islands of Aegina, 
Evia, Milos, Rhodos, Carpathos, Cos, Gavdos etc. The marine megafauna groups 
involved include bivalves, gastropods, echinoids, brachiopods and corals.

The intention of this study is to contribute to a better knowledge of the ranges 
and biostratigraphic distribution of megafaunal species, relative to the Mediterranean 
Neogene stages as well as to establish and propose a tentative biozonation for the 
Neogene of the Hellenic area based primarily on the molluscs.

The palaeogeographic configuration and the way of formation of the basins 
during the Lower Miocene were in such conditions that megafauna was not very 
common. An exception to this fact, concerning the occurence of megafauna associa
tions, are the domains of western Greece and the Mesohellenic trench in which faunas 
from the Lower Miocene are present but have not yet been well studied.

Most of the studied associations lived at depths between 10 — 300 meters in 
sandy environments or on carbonate platforms and as a rule these associations mirror 
the existence of fairly diverse bottom life during the Neogene. Their composition 
indicates that important changes occurred in the vertical water circulation and in the 
salinity of bottom waters. The effects of these changes cannot be easily separated 
from the changes caused by temperature. Although temperature played a role we think 
that food was far more important, with respect to the occurrence and distribution of 
megafauna taxa. The quality and quantity of food may have been related with the 
oxygen content of the bottom waters.

However, many problems were encountered as soon as we tried to get into detail 
and in particular when we tried to put a link with the ranges of taxa from noncoastal 
areas.

To achieve our goals we tried to correlate our marine megafaunal associations 
with marine microfossils collected from the same outcrops and particularly with 
planktonic Foraminifera, calcareous Nannoplankton, and, where possible, Ostracoda. 
The biozonation we propose is considered satisfactory for practical purpose. It con
curs rather well with the planktonic foraminiferal and calcareous nannoplankton 
zonations of the Mediterranean bioprovinces.

Examination of the faunal succession shows a significant difference in faunal 
composition between the Miocene and Pliocene assemblages. The terminology for 
the zonation follows that of the International Subcommission on Stratigraphic 
Classification (1976). For the Greek Neogene, nine molluscan zones can be recognized.
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The proposed biozonation corresponds to assemblage biozones. A biostratigraphic 
assemblage zone is a body of strata whose content of fossils or of fossil of a certain 
kind, taken in its entirety, constitutes a natural assemblage or association that 
distinguishes it in biostratigraphic character from adjacent strata.

Only the Chlamys scabrella zone is an acme zone, characterized by the relative 
abundance (reflecting environmental conditions) of the nominate taxon.

The proposed assemblage zones are based mainly on molluscs and the name 
given represents the name of the most frequent and representative species.

A list of the most frequent co-cccurrent species is also given as well as the refer
ence section and the distribution, for every proposed assemblage zone, which can be 
used as a standard of reference in the identification of the assemblage zone elsewhere.



Biozonation o f the Neogene invertebrate megafauna 129

Mollusca zonation

Chlamys solarium assemblage zone
D i a g n o s i s  : This zone is characterized by the presence of Chlamys solarium Lk. It 

contains the range of Chlamys solarium Lk. prior to the significant presence of Chlamys latissima 
(Br.) and Gryphaea (Crassostrea) gryphoides crassissima (Lk.).

A n a l y s i s  : This first zone is marked by the co-occurrence of Pecten revolutus Might., 
Clypeaster tumescens Imb., Cardita partschi Goldf. etc.

It covers the biostratigraphic interval N15 of Neogloboquadrina continuosa biozone and the 
lowest part of Neogloboquadrina acostaensis zone that corresponds partly to the Serravalian. The 
top of the zone is marked by the presence of assemblages transitional between N. continuosa and 
N. acostaensis. The undefined lower boundary is beyond the interval dealt with in this paper.

R e f e r e n c e  s e c t i o n :  Section Ambelos of Gavdos Formation.
D i s t r i b u t i o n :  This zone is found in the sections Ambelos and Panayia of the Gavdos 

Formation.
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Both sections are caracterized by the presence of calcareous fine- or coarse-grained sandstones 
as also marly limestonesstratified or not and of a variable thickness (F reudenthal, 1969, Zacha- 
riasse, 1975, A napliotis, 1975). To this zone correspond also the section: Kalamavka of Kala- 
mavka Formation, and Vassiliki of Makrylia Formation (D ermitzakis, 1969, F ortuin, 1977, 
D ermitzakis and Theodoridis, 1984), Chairethiana of Kissamou Formation (D ermitzakis and 
D iacantoni, 1979).

Gryphaea (Crassostrea) gryphoides crassissima assemblage zone

D i a g n o s i s  : This zone is characterized by the presence of larger Chlamys (Giganto- 
pecten ) latissima (B rocc.) and Flabellipecten bessert A n d r . It contains the local range of Gryphaea 
(Crassostrea) gryphoides crassissima (Fk.) prior to the significant presence of Neopycnodonta 
navicularis (B r .).

A n a l y s i s  : The base of this zone coincides with the appearance of assemblages of Neo- 
globoquadrina acostaensis types without transitional types between N. continuosa and N. acostaensis. 
From the megafauna the co-occurrence of Pecten (Flabellipecten) ugolinii D ep. et R oman, 
Amussium cristatum badense F ont., Area (Anadara) fichteli D esh. Area (Anadara) turoniensis 
D ur ., Cardita jouanneti portentosa Cossman et Peyrot, Ancilla (Baryspira) glandiformis (Lk.), 
Clavus (Drillia) bellardii D esm., Conus (Conolithus) dujardini Sesh., Genota (Genota) ramosa 
ramosa Bast., PoUnices (Polinices) redemptus (M ight.), Turritella (Archimediella) dertonensis 
dertonensis M ay., Tere br alia lignit arum lignit arum Eichwald etc, is characteristic.

Apart from these molluscan assemblages the associations of Clypeaster altus Lk . 
have been observed in several studied sections of this zone. The remaining fauna is not 
confined to this zone but it is a characteristic association including Terebratula sinuosa 
Br ., Clypeaster portentosus Sesm., Helliastraea reussana M. E low-H ame., Ballano- 
phyllia concina R euss etc.

R e f e r e n c e  s e c t i o n :  The Apostoli section of Apostoli Formation in 
Rethymnon Province of Grete.

D i s t r i b u t i o n  : This zone is found in the Apostoli Formation in the section 
Apostoli (M eulenkamp, T sapralis (1969), F reudenthal (1969), Sissingh (1972), 
Zachariasse (1975), G eorgiades-D ikeoulia (1979), as well as in the section Selli in 
Rethymnon district. Both sections mainly consist of marls and clays. The basal parts 
are commonly composed of conglomerates and sands. The middle and upper parts 
consist of organic limestones alternating with clays and marls (M eulenkamp, 1969). 
Also this zone is present in the sections: Achladia in Sitia district (D ermitzakis et al.,
1978), Vassiliki in lerapetra district (D ermitzakis and T heodoridis, 1984). Kalogeri 
and Sopates in lerapetra district (D ermitzakis, 1980a; 1980b).

It covers the bistratigraphic interval N16 Neoglobaquadrina acostaensis zone that 
corresponds to the Tortonian.

Neopycnodonta navicularis assemblage zone

D i a g n o s i s  : This zone is characterized by the co-occurrence of Neopycno
donta navicularis (Br .), Chlamys fasciculata M il ., Chlamys multistriata Poli, Barbatia 
(Anadara) clathrata (D efr.), Dorocidaris sp. Emarginula cancellata P h il ., Pecten 
aduncus Eichw. etc.

A n a l y s i s  : This zone is marked at its base by the significant presence of 
Neopycnodonta navicularis (Br.); this is shortly after the last occurrence of Gryphaea 
( Crassostrea) crassissima (Lk .) and Pecten (Flabellipecten) bessert’ Andr., which de
termine, together with other previously referred species, the upper part of the Gry
phaea ( Crassostrea) gryphoides crassissima zone.
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In some sections like Aghios Charalambos and Myrtos in eastern Crete in lera- 
petra district only Neopycnodonta navicularis (Br.) is present whereas the other taxa 
appear to be absent.

This zone covers the biostratigraphic interval of N17 and part of N18 zones of 
Blow  (1969). According to the Cretan planktonic zones (Zachariasse, 1975), it cor
responds partly to Globorotalia conomiozea zone. From chronostratigraphical point of 
view zone represents the interval of the Messinian and partly the lowermost Pliocene.

The impoverishment of the fauna, which is observed in the middle and upper 
parts of the zone, is reflected by the decreasing number of species. In several sections, 
these species-restricted fauna merely consist of a single species of Chlamys fasciculata 
Mil. or Chlamysmultistriata P. or Ostrea lamellosa Br. or Dorocidaris sp. Samples in 
the interval may be barren.

R e f e r e n c e  s e c t i o n :  Section Akropotamos in Strymon basin (northern 
Greece).

D i s t r i b u t i o n  : This zone includes: the section Akropotamos in Strymon 
basin (G eorgiades-D ikeoulia and Velitzelos, 1983; Steffens et al., 1979); the upper 
part of Armenopetra section in Viannou district (D ermitzakis and G eorgiades- 
D ikeoulia, 1979); the lowermost part of Aghios Charalambos section in lerapetra 
district (D ermitzakis, 1980): the lower and middle parts of Palaeokastron section in 
Sitia district (Sonnenfeld, H udec and D ermitzakis, 1985); the Heraklion section 
(G eorgiades-D ikeoulia and M üller, 1984).

At the reference section over the non-marine fluvial and lacustrine clastic sedi
ments of the base, lense-shaped gypsum and marls alternate with small sapropelitic 
intercalations. Above these sediments marls thicker in size and sands alternate up to 
the upper part where there is travertine and sandstone.

Chlamys scabrella acme zone

D i a g n o s i s  : The zone is defined by relative abundance of representatives of 
the species Chlamys scabrella Lk.

A n a l y s i s  : The upper and lower boundaries of this zone coincide with the 
limits of the acme. In Kephallinia the zone has been observed in section Katelio, 
where the top of the zone is characterized by fairly abrupt decrease in frequency. In 
some samples the representatives of Chlamys scabrella Lk. constitute up to 10% of 
the total fauna. Some samples contain two types of Chlamys scabrella Lk. the type 
Chi. scabrella Lk. and the type Chi. bollenensis M ay-Eym. Other samples contain 
mainly the type scabrella which by its relative abundance characterizes in fact this 
interval. But there are also some samples with only a few representatives of Chi. 
scabrella Lk. (G eorgiades-D ikeoulia, 1965, D ermitzakis and G eorgiades-D ikeou
lia in prepar.).

Although its lower boundary seems to coincide with that of the Flabellipecten 
nigromagnus zone, Chlamys scabrella Lk. does not get extinct at the same level in the 
section Vroutsas of Carpathos. The Chlamys scabrella acme is succeeded by a fauna 
which contains Aequipecten radians N yst, Anomia ephippium L., Ostrea lamellosa Br., 
Areapectinata Br., Cardium papillosum Pol. (D ermitzakis and G eorgiades-D ikeou
lia , in press). Such a fauna is characteristic of the upper part of Flabellipecten nigro
magnus zone.

The Chlamys scabrella acme zone covers the biostratigraphic interval of the 
Lower Pliocene, approximately equivalent to Globorotalia margaritae zone and to 
Sphaeroidinellopsis acme zone (sensu Zachariasse, 1975). Also this zone corresponds
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partly to N18 o f the Blow zonation (1969) and also partly to N N 12, NN13 of the nanno- 
fossil zonation o f M artini (1972).

R e f e r e n c e  s e c t i o n :  Katelio section, Kephallinia island.
D i s t r i b u t i o n  : The zone is recognized in the section Katelio of Kephalli

nia island (D ermitzakis and Georgiades-D ikeoulia, in prep.).
Both sections mainly consist of sandy marls alternating with marly limestones 

and lightly cemented sandy calcarenites.

F l a b e l l i p e c t e n  n i g r o m a g n u s  assemblage zone

D i a g n o s i s  : The zone is defined by the presence of the zonal marker.
A n a l y s i s  : The base of Flabellipecten nigromagnus zone is placed at the first 

occurrence of the Flabellipecten nigromagnus Sacco type. This type species disappears 
in the upper boundary of the zone.

In this zone the co-occurrence o f  species like: Chlamys bollenensis M ay-Eymar, 
Aequipecten zenonis C. —R., Aequipecten radians N yst, Anomia ephippium L., Ostrea 
lamellosa Br., Area pectinata Br ., Cardium papillosum Pol., etc is also remarkable.

This zone represents the biostratigraphic interval of Lower Pliocene and seems 
to coincide with that of Chlamys scabrella zone.

R e f e r e n c e  s e c t i o n :  Section Alimos of Trachones formation in Attica 
district.

D i s t r i b u t i o n  : The zone is recognized in the section Alimos of Trachones 
Formation (Papp, Steininger and Georgiades-D ikeoulia, 1978). Also, in the lower 
part of the section Ag. Thomas in Aegina island (G eorgiades-D ikeoulia and 
D ermitzakis, 1983), in Strymon basin (Steffens et al., 1979) and in Serres basin 
(Georgiades-D ikeoulia and Karystineos, in prep.). The base of the zone consists of 
coarse transgressive conglomerates, overlain by sands and sandy marls.

F l a b e l l i p e c t e n  f l a b e l l i f o r m s  assemblage zone
D i a g n o s i s  : The zone is defined by the last occurrence of Flabellipecten 

nigromagnus Sacco (type) and the entry of Pecten reghiensis Seg. (type).
A n a l y s i s  : The zone is well documented in Crete. It was identified in the 

section Profitis Ilias near Ploutis village. The section Armenopetra at Keratokampos 
village in Viannou area shows the transition between this zone and the next younger 
one. The transition is marked by the first occurrence of Pecten reghiensis Seg . The 
transitional part of this zone to the next one has also been recognized in Ammudhares 
section in Ierapetra district. Except the significant presence of Flabellipecten flabelli- 
formis Br., the co-occurrence of species like: Flabellipecten allessii Phil., Amussium 
cristatum Br ., Pecten jacobaeus L., Pecten benedictus Lk., Spondylus crassicosta Lam., 
Ostrea iphigeniae Char., Lunatia catena helinica Br ., Conus ( Chelyconus) pelagicus 
Br., is remarkable.

This zone covers the biostratigraphic interval of N19 and partly of N20 of the 
Blow zonation (1969) as also well as the Globorotalia puncticulata zone (sensu 
Zachariasse, 1975). Tentatively corresponds to the NN14 and NN15 nannofossil zones 
of M artini (1972). From the chronostratigraphical point of view this zone represent 
part of the Zanclean time-span. According to the calcareous nannoplankton biozona
tion of Theodoridis (1984) this interval belongs to the Ceratolithus acutus and Cera- 
tolithus rugolata biozone. All the above data allow us to conclude that this biozone 
can be correlated with the late Early Pliocene Middle Pliocene time-span.

R e f e r e n c e  s e c t i o n :  Section Profitis Ilias at Ploumis village of Kourtes 
Formation is Heraklion district.
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D i s t r i b u t i o n  : The zone is recognized at the Kourtes Formation and at 
the section Profitis Ilias in Ploutis village of Heraklion district (D ermitzakis and 
G eorgiades-D ikeoulia, 1984), as well as in the upper part of Armenopetra section 
in Keratokampos village of Viannou district (D ermitzakis and G eorgiades-D ikeou
lia, 1979, 1982; D ermitzakis and K ourouni, 1983), and at Paleopolis section, west 
of Avlemon, Kylhera island (M eulenkamp et al., 1977). The sections in general are 
characterised by sandy beds alternating with white greyish marls, sandy marls, brec
cias and sandstones. .

Pecten reghiensis assemblage zone
D i a g n o s i s :  The zone is defined by the first appearance of Pecten reghiensis 

Seg. (typejand the last occurrence of Ostrea iphigeniae Charalambakis (type).
A n a l y s i s  : The zone can be recognized at Aghia Marina section of Aegine 

island, but the biostratigraphic correlation is based only on nannofossil biozones 
NN15 (upper part) and NN16 (Theodorides pers. com.). The biostratigraphic interval 
seems to confirm the biostratigraphic evidence of Aghios Thomas section (Benda et 
al., 1976). Since the impoverished planktonic fauna makes impossible the biostrati
graphic correlation with planktonic biozones we can refer to the section Angistri 
(Angistri island) in which the zone is well documented with the G. bononiensis zone. 
The section contains the zonal marker Pecten reghiensis Seg. (type) and also the last 
appearance of Ostrea iphigeniae Charalambakis, Pecten benedictus Lk . and Amus- 
sium oblongum P h il . This biozone can be recognized in Karpathos island in Pigadhia 
Formation we can recognize and also in Kythira island in section Paleopolis.

This biozone is characterized by the co-occurrence of Chlamys angelonii (Men.), 
Chlamys flexuosa P., Chlamys pesfelis L., Chlamys opercularis L., Pseudamussium 
clavatum P., Amussium oblongum Ph il ., Hinnites ercolaniana (Cocc.) Hinnites crispus 
(Br.), Pecten jacobaeűs L., Pecten benedictus L., Ballonophyllia sp., Dosinia exoleta L., 
Pinna tetragona Br., Amycyclinasemistriata Br., Archimediella (Torculoidella) spirata 
(Br.), Tellina palmata L., Corbula gibba O livi, Terebratula spp.

This zone covers the biostratigraphic interval of Globorotalia bononiensis biozone 
that corresponds to the upper Middle Pliocene. Good evidence of the zone of Pecten 
reghiensis was found in Prassas section (G eorgiades-D ikeoulia, 1979) and also in 
Kithyra island section Stenokambos.

R e f e r e n c e  s e c t i o n :  Section Aghia Marina in Aegina island.
D i s t r i b u t i o n  : The zone is recognized in the following sections: Aghia 

Marina Aegina island (G eorgiades-D ikeoulia and Dermitzakis, 1983). Angistri 
island (Symeonidis and D ermitzakis, 1973), Karpathos island Pighadia section (D er
mitzakis and G eorgiades-D ikeoulia in press), Prassas section, Heraklion district 
(G eorgiades-D ikeoulia, 1979), Kithyra island, section Stenokambos (M eulenkamp 
et al., 1977). Koufonisi island upper part of the section Papaloukos (D ermitzakis and 
T heodorithis, 1978).

The lithological character of this zone is exhibited by layers of laminated marls 
gradually becoming homogeneous with large distinct burrows overlain by a bioclastic 
limestone.

Chlamys inaequicostalis assemblage zone
D i a g n o s i s  : The zone is defined at its base by the last appearance of Ostrea 

iphigeniae'Cu., Pecten benedictus Lk . and Amussium oblongum Ph .
A n a l y s i s  : The base of the zone is coincided with the extinction of Ostrea 

iphigeniae C har., Pecten benedictus Lk ., Amussium oblongum P hil .
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The zone is well documented in the north part of Milos island at the section 
Appolonia in which the megafauna occurs in homogeneous marly deposits which are 
intercalated by sapropelic layers and dark laminated marls. Also in the upper part of 
Francocastello section in Chania province, samples contain Chlamys inaequicostalis 
Lk ., Chlamys glabra L., Pecten jacobaeus L., Diodora italica D efrance etc in Rhodos 
island at Lindos section.

R e f e r e n c e  s e c t i o n :  Apollonia section, Milos island.
D i s t r i b u t i o n  : The zone is recognized in Apollonia section, Milos island 

(D ermitzakis, G eorgiades-D ikeoulia, Symeonidis, 1986, in press): Francocastello 
section. Chania Province (D ermitzakis, in press). Lindos section, Rhodos island 
(G eorgiadis, 1978).

Conclusions

In general it can be concluded that the ranges of the megafaunal taxa in the 
Hellenic area reflect the effects of eastwards migrations of bio(sub)provinces during 
some Neogene time spans.

If this conclusion is tenable, we have to accept that apart from differences be
tween for example, such subbioprovinces as the Rhone basin and the Cretan basins 
there are comparable differences in the range of taxa for even smaller-scale areas 
within the Mediterranean. These criteria have to be kept in mind if we consider the 
diverging opinions on the biostratigraphic significance of several taxa.

In conclusion, we postulate that more refined local data sets are needed before a 
satisfactory biostratigraphic scheme that would be representative for the Neogene of 
the entire Mediterranean can be established.
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