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On the fossil fishes, diatoms, and foraminifera from Zanclean
(Lower Pliocene) diatomitic sediments of Aegina Island (Greece):

a stratigraphical and palaeoenvironmental study

JEAN GAUDANT, MARIE-DENISE COURME-RAULT & SIMONA SAINT-MARTIN

Abstract

Fossil fishes were collected in a Zanclean diatomitic marl outcropping at the foot of Aghios Thomas hill, near
the village of Messagros (Aegina Island, Greece). Among them, Spratelloides gracilis (SCHLEGEL) is overwhelming-
ly dominant, like in the Pliocene diatomitic strata of the Heraklion basin (Crete). It is an epipelagic fish which sug-
gests that the deposition of the fossiliferous level took place in neritic waters, as confirmed by the benthic and epi-
phytic forams and the diatoms from the same level.

Keywords: Fishes, teleosts, diatoms, foraminifera, Pliocene, Zanclean, stratigraphy, palacoenvironment.

Zusammenfassung

Es werden fossile Fische aus einem diatomitischen Mergel (Zancleum, Unteres Pliozén) vom Full des Aghios
Thomas-Hiigels auf der griechischen Insel Agina beschrieben. Unter diesen ist Spratelloides gracilis (SCHLEGEL)
bei weitem liberwiegend wie dies auch in den pliozénen Diatomiten des Heraklion-Beckens (Kreta) der Fall ist. Es
handelt sich um einen epipelagischen Fisch, der vermuten lisst, dass der Fossilhorizont in neritischem Gewisser
abgelagert worden ist. Hierauf deuten auch die benthonischen und epibenthonischen Foraminiferen und Diatome-
en aus derselben Schicht hin.
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1. Introduction

In Aegina Island (Fig. 1), the occurrence of fossil fish-
es was first reported by BEnDA et al. (1979) from the Neo-
gene of the Aghios Thomas section, at about 1 km south-
west of Messagros village. However, no information was
hitherto available concerning the composition of this fish
fauna. The aim of the present paper is to compare it with
that of the Piacenzian of the Heraklion basin (GAUDANT et
al. 1994; GaupanT 2001).

The material is kept in Paris, in the palaeontological
collections of the National Museum of Natural History
(MNHNP).
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Fig. 1. Map of the Saronic Gulf showing the location of Aegina
Island.

2. Geological context

Aegina is a volcanic island. It was mainly built by the
Skotini volcano, which occupied the centre and the south
of this island, although volcanic dacitic rocks are also
present in the north-east. During the Pliocene, this volca-
no produced volcanoclastics and acid lava flows of andes-
ite and dacite. Sedimentary rocks are mainly present in the
northern part of the island where the Palaeozoic and Mes-
ozoic basement is overlain by Pliocene shallow marine
sediments which are themselves partly covered by Pleis-
tocene marls and beds of “Poros” limestone.

Near Messagros, the age of the fossiliferous diatomitic
levels outcropping on the southern side of Aghios Thomas
hill was determined by BEnpa et al. (1979), who identified
Globorotalia puncticulata, G. subscitula and extremely
rare G. margaritae in the upper part of the section, so that
they attributed it to the Globorotalia puncticulata Zone,
whereas “the co-occurrence of Discoaster asymmetricus
and Amaurolithus tricorniculatus in samples from the up-
per part of the section points to zone NN 14 in terms of
MARTINI’s calcareous nannoplankton standard zonation
(1970y”.

Radiometric ages were also obtained by MULLER et al.
(1979) who dated both the andesite breccia overlying the
marine sequence at 3.87+0.05 Ma and the andesitic tuf
intercalated 6—7 m below at 4.4+ 0.2 Ma (Fig. 2). Conse-
quently, a good agreement already existed between the
micropalaeontological and the radiometric data.

More recently, vaN HINSBERGEN et al. (2004) studied the
geological evolution of the island and distinguished two
units in the sedimentary succession exposed around Aghi-
0os Thomas. Their Unit 2, which has 70 metres in thick-
ness, ends just below the andesite breccia. It is interesting

to remark that it includes three diatomitic intercalations:
the fossiliferous layer that we have studied in the present
paper a few metres below the andesite breccia and two oth-
er ones respectively situated about 12 metres and 22 me-
tres underneath.
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Fig. 2. Upper part of the Aghios Thomas section, Aegina (Modi-
fied from BenDA et al. 1979). — dm = diatomitic marl, mm = mas-
sive marl.

3. Fishes (J. GAUDANT)
3.1. Material and methods

The studied material was collected on the southern
slope of Aghios Thomas hill, in the diatomitic marl (Fig. 2:
dm) situated a few metres below the andesite breccia cap-
ping the hill. It is limited to 16 more or less complete spec-
imens belonging to one dominant species, Spratelloides
gracilis (SCHLEGEL), whereas a second species (Serranidae
indet.) has only one representative.
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Fig. 3. Spratelloides gracilis (ScHLEGEL). General view of specimen MNHNP PTE 480.

3.2. Results

Family Clupeidae CuVier, 1817
Subfamily Dussumieriinae WHITEHEAD, 1963
Genus Spratelloides BLEEKER, 1852

Spratelloides cf. gracilis (SCHLEGEL, 1846)
Fig. 3

The representatives of this species have a standard
length (measured or estimated) ranging from 36 to 83 mm.
They are either juveniles or young adults as WHITEHEAD
(1963) studied a population of recent fishes, the length of
which ranges between 59 and 93 mm.

The body is elongated: its maximum height equals 13
to 18 % of standard length. The head is large: it consti-
tutes about /s of standard length. The vertebral column
includes 43 vertebrae; 15 of them are postabdominal. The
pleural ribs are long: their distal end reaches the ventral
edge of the abdominal cavity. Several isolated heads were
also collected.

It should be emphasized that the anatomy of these fish-
es looks very similar to that of the fishes from the Messin-
ian of Oran (Algeria) described by ARAMBOURG (1927) as
Spratelloides lemoinei ARAMBOURG, a species which was
considered by Sorpini (1988) as a synonym of Spratel-
loides gracilis (SCHLEGEL).

Remark: Although they are either imperfectly pre-
served or incomplete, the fossil Spratelloides collected at
Aghios Thomas are similar to those from the Piacenzian of
Prassas and Amnissos (Heraklion basin, Crete) described
by GaUDANT et al. (1994) and Gaupant (2001). However,
their standard length (measured or estimated) ranges from
36 to 85 mm, compared to those from Amnissos which can
sometimes exceed 100 mm.

Family Serranidae

Serranidae indet.
Figs. 4-5

The only representative of the Serranids is a small fish,
the standard length of which equals 27 mm. It has a rather
sticky body, the maximum height of which exceeds '/3 of
standard length. The head is bulky: its height equals 90 %
of its length. The mouth is moderate: its length is approx-
imately half of head length. The orbit is middle-sized as
its diameter is included about three times in head length.
A rather long spine is present on the postero-ventral angle
of the preoperculum. The operculum was apparently orna-
mented by three posterior spines, as indicated by the oc-
currence of one spine below the main opercular spine. Its
surface is covered with cycloid scales.

There are ten vertebrae in the abdominal region of the
vertebral column, whereas the number of postabdominal
vertebrae is unknown. The caudal fin is incompletely pre-
served. There is only one dorsal fin which has nine rela-
tively short spines. The longest of them is the third or the
fourth one. Its length is only 15 % of standard length. The
number of dorsal rays is unknown.

The anal fin has three spines. The second one is the
longest and the most robust. Its length equals that of the
longest spine of the dorsal fin. The number of anal fin rays
is unknown.

The pectoral fin consists of 14 rays.

The pelvic fins are situated below the pectorals. They
have a spine which is longer than that of the longest spine
of the unpaired fins.

The body is covered with ctenoid scales.
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Figs.4-5. Serranidae indet. General view of specimen MNHNP PTE 488 (part and counterpart).

3.3. Discussion

The oligospecific character of the fish fauna collect-
ed in the diatomitic marl outcropping at Aghios Tho-
mas is not surprising, partly because of the rather small
amount of specimens. Additionally, a rather similar situ-
ation is known in the Piacenzian of the Heraklion basin

where two species make up together approximately 90 %
or even more of the fish association collected at Voutes
(88.9%), Prassas (94.4%) and in the lower diatomit-
ic bed of Gournes (95.8 %). There, Spratelloides gracilis
(ScHLEGEL) is remarkably dominant in the lower diatom-
itic bed of Gournes with 85.4 % of the collected material
(N=48). In these three localities, the second most abundant
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species is Bregmaceros albyi (SAUVAGE), with only 10.4 %
at Gournes, but 38.9 % at Voutes (N =54) and even 42.2 %
at Prassas (N = 90).

The fact that no specimen of Bregmaceros albyi
(Sauvacg) was found in the uppermost diatomitic bed of
Aghios Thomas during our field work looked rather sur-
prising in comparison with the Piacenzian diatomitic fish
localities of the Heraklion basin. This impression was re-
cently confirmed by the find near Aghios Thomas of a new
outcrop in which Bregmaceros albyi (SAUVAGE) is present
together with Spratelloides gracilis (ArRGyrIiOU 2010).

4. Micropalaeontological study
4.1. Diatoms (S. SAINT-MARTIN)
4.1.1. Material and methods

Samples were processed according to the preparation
method described by SCHRADER & GERSONDE (1978). 10 g of
sediments were treated with hydrogen peroxide (10 %) and
then with hydrochloric acid (30 %). Successive decanta-
tions were repeated at about 1.5 hour interval to remove the
detritic fraction. Then the solution was put in suspension
and a drop of solution was placed on a slide. When dry, the
slide was mounted with Canada balsam under a covership.
The relative abundance was calculated after having count-
ed 400 diatoms. The main ecological data were drawn
from several papers: PERAGALLO & PERAGALLO (1897-1908),
HustepT (1930-1966), HENDEY (1964), Jousk: (1957), Jousk
etal. (1971), BARrON (1973, 1992), MAYNARD (1976), RicARD
(1977), GuiLLARD & KiLnam (1978), SaANCETTA (1979, 1982),
GERSONDE (1980), HARTLEY (1986), SANCETTA & SILVESTRI
(1986), NokL (1982, 1984), Barron (1985), Rounp et al.
(1990), SANCETTA et al. (1992), RincE (1993).

4.1.2. Results

The diatomitic flora of the diatomitic marl includes
30 genera of diatoms (16 centric and 14 pennate) repre-
sented by 55 species: 30 species of centric and 25 of pin-
nate (Appendix 1). Among the centric genera, Coscinodis-
cus and Thalassiosira are the most diversified, whereas
the pennate genus, Diploneis is represented by the great-
est number of species.

The planktonic taxa Thalassionema nitzschioides is by
far the most abundant with 31.2 %, whereas Rhizosolenia
hebetata reaches 12.2 % and Chaetoceros spores 6.8 %.

As many of the identified species are present in the
modern diatom microflora, they support palacoecolog-
ical interpretations. From a bathymetrical point of view,
the neritic-oceanic species are dominant, with 66 % of the
total assemblage. They are mainly represented by 7Tha-
lassionema nitzschioides, Rhizosolenia hebetata, Cos-
cinodiscus asteromphalus, Coscinodiscus oculus-iridis,

Thalassiosira lineata, Thalassiosira cf. lineata 1, Thalas-
siosira cf. lineata 2 and Thalassiosira symbolophora.

Typical oceanic species like Thalassiosira convexa
reach 11 %, whereas neritic-meroplanktic species such as
Actinocyclus ehrenbergii var. tenella, Actinoptychus se-
narius, Coscinodiscus argus, Coscinodiscus granii, Par-
alia sulcata, Stephanopyxis turris are less abundant (7 %).
Benthic taxa which are very common (27 %) are mainly
represented by different species of Grammatophora (G.
oceanica, G. undulata, G. angulosa) and by Cocconeis
scutellum, Diploneis lineata, D. smithii, Mastogloia splen-
dida, Navicula lyra, N. praetexta, Rhabdonema adriati-
cum, Rhopalodia gibberula.

Concerning the water temperature, cosmopolitan spe-
cies (Thalassionema nitzschioides, Rhizosolenia hebetata,
Actinocyclus ehrenbergii var. tenella, Actinoptychus se-
narius, Coscinodiscus granii, C. obscurus) make up the
major part of the total assemblage (82 %). They are mixed
with warm water species (15 %) Coscinodiscus argus, C.
asteromphalus, C. radiatus, Thalassiosira convexa, T. ec-
centrica, T. lineata, Thalassiosira cf. lineata, T. symbolo-
phora and also with cold water species (3 %) like Thalassi-
othrix longissima and Coscinodiscus decrescens.

Consequently, the diatom assemblage from Aghios
Thomas characterizes a neritic open shelf environment.
The dominant Thalassionema nitzschioides suggests a
possible occurrence of upwellings, as this species is fre-
quently found in upwelling areas where it is often accom-
panied by Chaetoceros spores (SCHUETTE & SCHRADER
1981; RoMERO & HEBBELN 2003).

4.1.3. Discussion

Most of the taxa observed in the Aghios Thomas dia-
tom assemblage are recorded in other Pliocene assemblag-
es described in the Mediterranean area (FrRypas 1999), in
California (BARRON 1975; BARRON & BALDAUF 1986), as
well as in the Pacific realm (BARRON 1980).

The diatom assemblage from Aghios Thomas suggests
a neritic open shelf environment. The dominance of Tha-
lassionema nitzschioides (GRUNOW) VAN HEURCK may indi-
cate the occurrence of upwellings because this species is
generally observed in the recent upwellings in which it is
frequently accompanied by Chaetoceros spores (SCHUETTE
& ScHRADER 1981; RoMERO & HEBBELN 2003).

4.2. Foraminifera (M.-D. CoURME-RAULT)
4.2.1. Material and methods

The sediments were washed with water in which a
small amount of hydrogen peroxide had been added. Then,
they were sifted with sifters having meshes of 0.500, 0.250
and 0.125 mm. The microfossils were finally examined un-
der a binocular microscope.
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4.2.2. Results

Two facies were studied, both intercalated between the
andesitic tuff and the andesite breccia. The first one is a
massive marl (Fig. 2: mm) which takes place above the an-
desitic tuff and is overlaid by the diatomitic marl (Fig. 2:
dm) in which the fossil fishes are preserved. The compo-
sition of the foraminiferid fauna from these two facies is
given in the Appendix 2.

Diatomitic marl. — Although Globorotalia
puncticulata is absent, the occurrence of G. margaritae is
indicative of the Lower Pliocene age (pars N18—pars N19;
Zanclean). The planktonic and benthic foraminifera from
the diatomitic marl are rather unfrequent and generally
smaller than those from the massive marl. Among the ben-
thic ones, epiphytes are predominant: especially Ammo-
nia spp., Biasterigerina, Cibicides lobatulus, Elphidium
spp. However, other species are adapted to stressful con-
ditions, especially to suboxic waters (with the exception of
Gyroidinoides which thrives in low salinity waters). The
microfauna from this level indicates bathymetric condi-
tions ranging from the external neritic (circalittoral) to the
epibathyal zones.

Massive marl. — The occurrence of Globoro-
talia puncticulata indicates a Lower Pliocene age (pars
N19, Zanclean) for this layer. For every species (except
for Globigerina quinqueloba, Globorotalia gr. scitula and
G. puncticulata), the abundance of planktonic foraminif-
era is higher than that of benthic ones which show an im-
portant specific diversity. Among them, Lenticulina niti-
da, L. calcar, L. rotulata, Bulimina aculeata and Brizalina
dilatata are the most abundant. Additionally to the typi-
cal open marine benthic foraminifera (U. peregrina, Sa-
racenaria, Neoponides, Heterolepa, Lenticulina), there
are foraminifera which are adapted to slight increases of
salinity (Bigenerina, Bolivina scalprata miocenica, Gy-
roidinoides, Pullenia). Epiphytes (Ammonia and Bias-
terigerina) are rather scarce. Bulimina, Cassidulina and
Hopkinsina, which are adapted to stressful conditions, are
indicative of a muddy substratum. Bulimina exilis is gen-
erally considered as being indicative of sediments deposit-
ed in anoxic conditions, whereas Hopkinsina suggests the
occurrence of water stagnation. Additionally, Globigerina
bulloides and G. quinqueloba are considered as suggest-
ing stressful environments, i. e. partly closed marine areas
(Cita & GARTNER 1973).

4.2.3. Discussion

The foraminifera from the Aghios Thomas section are
indicative of a Zanclean age. They are also informative
from a palacoenvironmental point of view. Making refer-
ence to MURRAY (1991, 2006), it is possible to consider that

the deposition of the two studied strata took place in the
circalittoral zone.

5. Conclusion

As the fossiliferous diatomitic level is outcropping in
the cliff situated at the foot of Aghios Thomas chapel, SW
of the village Messagros, only a small amount of fossil fish-
es could be collected at this place. They belong to only two
different families. However, several undeterminable frag-
ments observed in the field bear testimony of a slightly
more important biodiversity. The most abundant species is
Spratelloides gracilis (SCHLEGEL), a species which is also
abundant in the Piacenzian of Crete (GAUDANT et al. 1994;
GAuUDANT 2001). It is an epipelagic fish which is mainly liv-
ing in the neritic zone. This interpretation is fully in agree-
ment with the palacoenvironmental information provided
by diatoms and foraminifera. The apparent lack of Breg-
maceros albyi (SAUVAGE) in our material looks surprising
when comparing the fish fauna from Aghios Thomas to
that from the diatomitic Piacenzian of the Heraklion ba-
sin. However, excavations made in a nearby outcrop have
recently shown that this species was also present in Aegi-
na during the Zanclean (ArGYRrIoU 2010), although the posi-
tion of the fossiliferous diatomitic layer remains unknown
relatively to the bed which has been studied in the present
paper. Consequently, the association of Spratelloides gra-
cilis (ScHLEGEL) and Bregmaceros albyi (SAUVAGE) has ap-
parently played a significant role in the Eastern Mediterra-
nean during the Zanclean, the Piacenzian (RoGL & MULLER
in Gaupant 2001) and possibly the Gelasian (Bizon,
TRIANTAPHYLLOU & FOURTANIER in GAUDANT et al. 1994).
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Appendix 1. Percentages of diatom species identified in the diatomitic marl of Aghios Thomas.

Centric diatoms % Pennate diatoms %
Actinocyclus ehrenbergii var. tenella 2.0 Amphora intersecta 0.2
Actinoptychus senarius 0.5 Cocconeis belawani 0.5
Azpeitia nodulifer 0.5 C. debesi 0.5
Bacteriastrum delicatum 2.9 C. scutellum 2.4
Biddulphia pulcella 0.2 Cymatosira lorenziana 0.5
B. tuomeyi 0.5 Dimerogramma marinum 0.2
Chaetoceros (spores) 6.8 Diploneis bombus 0.2
Coscinodiscus argus 0.2 D. crabo 0.2
C. asteromphalus 1.2 D. lineata 0.5
C. decrescens 0.2 D. smithii 0.5
C. granii 0.5 D. suborbicularis 0.2
C. obscurus 0.5 D. subovalis 0.2
C. oculus-iridis 1.0 Grammatophora angulosa 1.0
C. radiatus 0.2 G. oceanica 8.3
C. sp. 1 GARDETTE 0.5 G. undulata 2.9
Lithodesmium sp. 0.5 Mastogloia splendida 0.5
Paralia sulcata 0.7 Navicula lyra 0.5
Psamodiscus nitidus 0.2 N. praetexta 0.5
Rhizosolenia hebetata 12.2 Rhabdonema adriaticum 1.0
Rossiella tatsunokuchiensis 1.2 Rhaphoneis nitida 0.2
Stephanopyxis turris 1.0 Rhopalodia gibberula 2.9
Stictodiscus parallelus 0.2 Surirella fastuosa 0.2
Thalassiosira convexa 0.2 Thalassionema nitzschioides 31.2
T. eccentrica 1.5 Thalassiothrix longissima 2.0
T. eccentrica var. fasciculata 0.5 Trachyneis aspera 0.2
T. lineata 1.0

T. cf. lineata with central areola 2.0

T. cf. lineata without central areola 1.0

T. cf. symbolophora 2.0

Triceratium balearicum 0.2
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Appendix 2. Abundance of foraminifera species identified at Aghios Thomas. VR: very rare; R: rare; F: few; C: common; A: abundant.

Diatomitic marl (dm)

Massive marl (mm)

Planktonic foraminifera

Planktonic foraminifera

Orbulina universa b’ ORBIGNY

Globigerinoides ruber (D’ORBIGNY)

Globigerina bulloides D’ ORBIGNY

G. obliquus extremus (BoLL1 & BERMUDEZ)

G. quinqueloba NATLAND

Globigerina bulloides D’ORBIGNY

Globorotalia humerosa TAKAY & SAITO

G. apertura CUSHMAN

G. acostaensis acostaensis BLow

G. quinqueloba NATLAND

G. margaritae margaritae BoLL1 & BERMUDEZ

G. foliata BoLL1

G. obesa BoLLI

Globorotalia humerosa TAXKAY & SAITO

G. gr. scitula

G. acostaensis acostaensis BLow

Globigerinita glutinata (JENKINS)

<<=l

G. obesa BoLLI

G. gr. scitula

Hastigerina siphonofera (o’ ORBIGNY)

> 5= ||| = | = > > | o] >

Benthic foraminifera

Benthic foraminifera

Ammonia tepida (CUSHMAN)

Ammonia beccarii (LINNAEUS)

Asterigina mamilla (WiLLIAMS)

Amphicoryna scalaris (BATSCH)

Biasterigerina planorbis (D’ORBIGNY)

Baggina totomiensis MAKIYAMA

Bolivina subexcavata (CusiMAN & WICKENSON)

Biasterigerina planorbis (0’ORBIGNY)

Brizalina dilatata (REuss)

Bigenerina nodosaria D’ ORBIGNY

B. catanensis (SEGUENZA)

Bolivina scalprata miocenica MACFADYEN

B. cf. aenariensis (CosTa)

Brizalina dilatata (REUSS)

Bulimina exilis BRADY

B. arta M ACFADYEN

B. aculeata D’ ORBIGNY

B. spathulata (WiLLIAMS)

Cancris oblongus (WILLIAMSON)

B. alata (SEGUENZA)

Cassidulina neocarinata (THALMANN)

Bulimina costata b’ ORBIGNY

Cassidulinoides bardyi (NORMAN)

B. aculeata 0’ ORBIGNY

Cibicides lobatulus (WALKER & JacOB)

Cancris auriculus (FICHTEL & MoLL)

Elphidium fichtelianum (D’ORBIGNY)

Cassidulina neocarinata (THALMANN)

E. flexuosum (D’ORBIGNY)

C. laevigata D’ ORBIGNY

E. macellum (FicHTEL & MoLL)

Dorothia gibbosa (D’ORBIGNY)

E. aff. excavatum (TERQUEM)

Eponides umbonatus (REUsSs)

Florilus boueanum (D’ ORBIGNY)

Florinus boueanum (0’ORBIGNY)

Fursenkoina sp.

Globocassidulina subglobosa (BRADY)

Globocassidulina subglobosa (BRADY)

Gyroidinoides girardanus (REUSS)

Gyroidinoides parvus CusiMAN & RENZ

Hanzawaia boueana (D’ ORBIGNY)

Hopkinsina bononiensis parkeri (FORNASINI)

Heterolepa ungeriana (D’ORBIGNY)

H. bononiensis compressa CUSHMAN

Hopkinsina bononiensis parkeri (FORNASINI)

Praeglobulimina affinis (0’ORBIGNY)

Lenticulina nitida REuss

Siphogenerinoides gaudryinoides arquat. PApp

L. calcar (LINNAEUS)

Trifarina bradyi CUSHMAN

woowow»—nfcmw'-nwowmwm>owwmwmww

L. rotulata (LAMARCK)

L. crassa (D’ORBIGNY)

Martinotiella communis (D’ORBIGNY)

Melonis padanum (PERCONIG)

Neoponides schreibersii (D’ ORBIGNY)

Planulina ariminensis b’ ORBIGNY

Pullenia bulloides (D’ORBIGNY)

P. quinqueloba (REUsSs)

Quinqueloculina horrida CUSHMAN

Rectuvigerina siphogenerinoides(LIPPARINT)

Saracenaria italica DEFRANCE

eslissiclics i ol olleclioliccl ol b diccl il (ollolleollelil el iccl el P g P il b e iesh lesl el i7~1 Leol -]

Sigmoilopsis sp. VR
Svratkina perlata (ANDREAE) F
Uvigerina pygmaea D’ ORBIGNY F
Valvulineria bardyana (FORNASINI) F
Vulvulina pennatula (BATSCH) F




