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ABSTRACT - The ostracod assemblages with Paratethyan affinity from several late Messinian Lago-Mare depositslocated in Italy and
Crete (Greece) have been examined and the community analyses (number of species, Margalef and Shannon-Wener indexes) and auto/
synecol ogical analyses have been performed on them. The results show that, generally, in the lower portion the post-evaporitic Messinian was
characterised by unstabl e environments, which hosted poor ostracod communities characterised by |ow diversity, whilein the upper portionthe
environmental conditions were more stable, allowing the subdivision of the environment hyperspace in several different niches and, thus,
supporting high-diversity ostracod communities. Anyway, the correlation of the boundary between low- and high-diversity ostracod assemblages
through the studied successions has shown to be heterochronous, probably becauseit isdue both tolocal and regional factors. A more detailed
palaeoenvironmental reconstruction across the late Messinian Lago-Mare successions showed that, while in the lower portion the
palaeoenvironmentsarerather disomogeneous, even if investigated in nearby sections, in the upper part a general trend towards a deepening
and freshening followed by a new salinity increase and depth decrease has been recognized. The pal aeoenvironmental variability of the lower
part probably was related to the superimposition of local factors on global climatic forcing, while in the upper part the high amplitude
insol ation peaks drove the palaeoenvironmental changes at aregional scale.

RIASSUNTO - [Ostracodi ericostruzioni paleoambientali dell’ intervallo Lago-Mare del tardo Messiniano nel Mediterraneo centraeeoriental ]
- Nel presente lavoro sono state analizzate | e ostracofaune ad affinita paratetisiana provenienti da diver se successioni di Lago-Maretardo-
messinianein Italia (successioni di wedge-top sul versanteadriatico dell’ Appennino settentrional e come Buttafuoco, Ca’ Blindana, Montepetra,
Perticara e Maccarone, successioni di avampaese sul versante Adriatico dell’ Appennino settentrional e e centrale, come Trave e Maccarone) e
aCreta (Grecia) (successioni di Ano Akria e Faneromeni nel Bacino di Iraklion) e su di esse sono state effettuate analisi di comunita (numero
di specie, indici di Margalef e Shannon-Wener) ed analisi auto/sinecologiche. | risultati mostrano come, in generale, laporzioneinferioredel
depositi post-evaporitici fosse caratterizzata da ambienti instabili che ospitavano comunita di ostracodi discontinue e caratterizzate da bassa
biodiversita, mentrenella porzonesuperiorelecondizoni paleoambientali erano maggiormente stabili, permettendo la suddivisonedell’iperspazio
ambiental ein diver se nicchie ecol ogiche e supportando cosi associazioni ad alta biodiversita. Tuttavia, la correlazionedel limitetra associazoni
abassa ed alta biodiversita nelle successioni analizzate ha mostrato come quest’ ultimo sia eterocrono, probabilmente a causa di fattori locali.
Una ricostruzone paleoambiental e dettagliata, effettuata comparando il susseguirsi di diverse associazioni di ostracodi lungo le diverse
successioni, hamostrato che, mentre nelle porzioni inferiori il pal eoambiente era piuttosto disomogeneo, nelle porzioni superiori, in prossimita
del limite Messiniano-Zancleano, si nota un trend generalizzato verso I’ approfondimento el’ addol cimento, seguito da un nuovo incremento
della salinita e da condizioni di acque piu basse. L' analisi della curva dell’insolazione Laskar 2004 per I'intervallo di tempo in esame ha
evidenziato una minore ampiezza dei picchi di massimo e minimo nella porzioneinferioredella curva ed un aumento dell’ ampiezza dei picchi
nellapartealta. E probabile, quindi, chelavariabilita palecambiental eriscontrata nella parte bassa sia probabilmentelegata alla sovrapposizione
di fattori locali rispetto ai cambiamenti climatici globali, mentre, nella partealta, lemaggiori oscillazioni in ampiezza del valori di insolazione
guidarono i cambiamenti paleoambientali alla scala dell’ intero bacino mediterraneo.

INTRODUCTION words“mare-lago” (afterwards changed in Lago-Mare).

According to Ruggieri & Greco (1965), Ruggieri (1967),

After the deposition of the Lower Evaporites linked
tothe Messinian Salinity Crisis(MSC) (Hstiet a., 1973;
Cita, 1973; Benson, 1975, 1976; Weijermars, 1988),
verified in the Mediterranean areafrom 5.96 to 5.59 Ma
(Krijgsman et a., 1999), the subsequent compl ete closure
of the Atlantic/Mediterranean connections (Krijgsman et
al., 1999; Blanc, 2006; Rouchy & Caruso, 2006) coupled
with the onset of global humid climatic conditions
(Griffin, 2002; Bertini, 2006) triggered the dilution of
the hypersaline Mediterranean waters down to oligo-
mesohaline conditions. This environmental and facies
change was mentioned for the first time in the
Mediterranean by Gignoux (1936), who called it “Lac-
Mer” facies, trand ated by Ruggieri (1962) withtheltalian
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Benson (1986) and McCulloch & De Deckker (1989)
after the MSC evaporitic phase the Mediterranean,
isolated by the Atlantic Ocean, was transformed into a
series of lagoons with reduced salinity. Cipollari et al.
(1999 with refs.) and Gliozzi et a. (2002, 2007) revising
theliterature on the M editerranean ostracod assemblages
of the post-evaporitic Messinian showed that the Lago-
Mare facies was widespread along the whole
Mediterranean, from Spain to Cyprus. These ostracod
assemblages were mainly characterised by Paratethyan
species (Gliozzi et a ., 2007) or endemic species derived
from a Paratethyan stock (Bassetti et a., 2003), which
entered the M editerranean during the M SC diluted phase
(Carbonnel, 1979). Recent papers (Clauzon et al., 2005;
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Bragaet a., 2006; Carnevaleet al., 2006a, b; Popescu et
al., 2007) suggest that during the post-evaporitic
Messinian the M editerranean areawas affected by marine
incursions from the Atlantic while, in their last paper,
Carnevale et al. (2008) state that in this period the
Mediterranean was abasin filled by marine water and the
brackish Lago-Mare facies must be merely considered a
margina marinefacieslike deltasor coastal lagoons. On
the contrary, recent detailed micropal aeontological
studies on Italian and Crete (Greece) Lago-Mare
successions (Gliozzi & Grossi, 2004; Grossi & Gennari,
inpress; laccarino et al., in press; Cosentino et al., 2006,
2007, unpublished data) did not reveal any marine influx
in the Mediterranean, but only a variable brackish
environment with salinities spanning from oligohaline to
mesohaline. The marine fossil remains (calcareous
nannofossils and foraminifers) recovered in those
successions have been considered asreworked. The same
conclusionswere already reached by severa other authors
who studied different post-evaporitic Mediterranean
successions in the Mediterranean area such as by Citaet
al. (1978 with refs)) for the marine faunas recovered in
the DSDP Leg.42, Site 376 located on the Florence Rise,
W of Cyprus, laccarino et al. (1999) for the ODP Sites
974 (Tyrrhenian Basin) and 975 (South Balearic Basin),
Bassetti et al. (2006) for the Nijar Basin (Spain), Rouchy
et al. (2007) for the Chelif Basin (Algeria) and
Trenkwalder et al. (2008) for the Northwestern Italy. The
great scientific debate that isflourishing around the Lago-
Mare facies shows that more data are needed to clarify
the palaeogeography and the palaeohydrology of the
Atlantic-M editerranean-Paratethyan connections during
the post-evaporitic Messinian.

The present paper (another tesserain the Lago-Mare
puzzle), is based on the detailed sampling and
micropal aeontological study of the ostracod assemblages
of several Messinian post-evaporitic successionslocated
in Italy and Crete and is focussed on the ostracod
taxonomical composition, the diversity of the recognised
assemblages and their palaeoenvironmental meaning.
Morein particular, the Italian successions are located in
Adriatic wedge-top basins (Perticara, Buttafuoco,
Montepetra, Ca Blindana, and Maccarone), Adriatic
foreland basins (Trave and Fonte dei Pulcini), and the
Crete successions in the Hellenic forearc basin (Ano
Akriaand Faneromeni) (Fig. 1).

STRATIGRAPHICFRAME

Although the MSC evaporitic deposits have been
intensively studied since 1973 from a geodynamical,
palaeohydrological and stratigraphical perspective by
several authors (see Rouchy & Caruso, 2006 for a
synthesis), less information deals with the stratigraphy
of the post-evaporitic Lago-Mare sediments (see Orszag-
Sperber, 2006 for asynthesis). They are considered within
aunique stratigraphic unit by Butler et a. (1996, 1999),
Krijgsman et a. (1999) and Rouchy & Caruso (2006),
while Clauzon et al. (1996, 2005), Popescu et al. (2007),
Roveri et al. (1998, 2001, 2005, 2006) and Roveri &
Manzi (2006) recognized different depositional events
withinthe Lago-Mareinterval, which, in some cases, are
translated in different stratigraphic units.

Clauzon et al. (1996, 2005) and Popescu et al. (2007)
recognized up to three Lago-Mare events during which
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Fig. 1 - Tectonic sketch map of the Mediterranean area with the location of the studied successions. Legend: 1. Ca' Blindana borehole; 2.
Montepetra borehole; 3. Buttafuoco section; 4. Perticara section; 5. Maccarone section; 6: Trave section; 7. Fonte dei Pulcini section; 8.

Faneromeni section; 9. Ano Akriasection.
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exchanges between Mediterranean and Paratethys
occurred, testified by dinocysts, molluscs and ostracods;
according to these authors two of these episodes (LM1
and LM 3) correspond to two sea-level highstands, during
which the exchanges occurred in a marine
palaeoenvironmental setting. Thefirst Lago-Mare event
occurred immediately after the end of the M SC evaporite
deposition, whilethey considered thethird early Zanclean
in age. As stated in the introduction, in our opinion the
data on marine incursions during the post-evaporitic
Messinian are very feeble: the sporadic foraminifers
collected in the Lago-Mare deposits are most probably
reworked as well as the calcareous nannofossils, as
demonstrated by the detailed quantitative analysiscarried
out by Cosentino et a. (unpublished data) for the Lago-
Mare section of Fonte dei Pulcini.

Roveri et a. (1998, 2001, 2005, 2006) and Roveri &
Manzi (2006) studying the stratigraphy of the Messinian
post-evaporitic deposits of the Adriatic wedge-top and
foreland basins, proposed a stratigraphic framework of
the Mediterranean post-evaporitic Messinian asfollows:
abovethe L ower Evaporitic unit, cut at thetop by abasin
scale angular unconformity (Im), the post-evaporitic
deposits are arranged into two post-evaporitic units (p-
ev, and p-ev,), separated by a regional unconformity
(Im,). According to these authors, the lower p-ev, unitis
syntectonic in nature as indicated by the sedimentary
facies and geometric characteristics and it only occurs
in structural depressions. This unit is characterised by a
basal complex of re-sedimented evaporites overlain by a
monotonous succession of thin-bedded turbidites
composed by laminated mudstones and siltstones
containing minor sandstone bodies; only the upper part
of the p-ev, unit showscyclical lithological pattern. The
unit includes an ash layer (dated about 5.5 Ma: Odin et
al., 1997), a regional marker that allows correlations
throughout thewholeforedeep basin. The upper p-ev, unit,
tabular and thickened in structural depressions, is
characterised by a vertical repetition of sequences from
coarse- to fine-grained sedimentary bodies, with afining-
upward pattern. Dark and rich organic layers, palacosoils
and, locally, up to three carbonate layers (“ colombaccio”)
are present. The base of the unit is represented by an
erosional surface (the Im, unconformity). Within the p-
ev, unit the authors recognize a high-frequency cyclical
pattern forced by precessional orbital perturbations
(Roveri et al., 1998). Four complete fining-upward
depositional sequences have been identified, and the
astrochronological calibration proposed by these authors
shows that the p-ev, unit spans ashort timeinterval of ~
80-90 ka.

From a biostratigraphical point of view, Carbonnel
(1979) defined the Loxoconcha djafarovi Zone, which
included the whole post-evaporitic Messinian deposits
with Paratethyan ostracod faunas; Bonaduce & Sgarrella
(1999) and laccarino & Bossio (1999) recognize, for the
same interval, two ostracod associations, named
respectively “Lago-Mare Biofacies 1” and “Lago-Mare
Biofacies 2" by the first authors and “Cyprideis
assemblage” and “L. djafarovi assemblage” by the second
authors. Accordingto recent data(laccarinoet a., in press;
this paper), the micropal aeontological analyses of the
Trave and Maccarone sections (Marche, centra Italy)

showed that in the p-ev, sediments L. djafarovi is not
present, while it occurs within the p-ev, deposits.

PALAEONTOLOGICAL ANALYSES

Wedge-top successions on the Adriatic side of the
northern Apennines

The Buttafuoco and Ca' Blindana successions are
located in the eastern sector of the Romagna A pennines,
within the Giaggiolo-Cellasyncline (Roveri et a., 2006)
(Fig. 1).

The Buttafuoco section is 13 m thick (Fig. 2) and in
thelower portion it includes about 9 m of silty sediments
with millimetric sandy intercalations overlain by 0.5 m
of black silts, rich in organic matter, and by 3.50 m of
laminated blue-grey clays. At around 5.0 m a calcareous
level (“colombaccio”) isrecognized, correlated by Roveri
et a. (2006) with the third and uppermost “ colombaccio”
of the Colombacci Fm. Thus, up to 9.50 m the Buttafuoco
succession is referable to the upper portion of the
Messinian p-ev,, while the blue-grey clays are referable
to the lowermost Zanclean (Roveri et al., 2006). Only
five (BF 14-18) out of the eighteen samples analysed in
the Messinian p-ev, portion of the succession were barren,
including those collected from the dark layer; the others
have given awell-preserved ostracod fauna, represented
on the whole by the 21 species listed in Tab. 1. The
community analysis performed through the number of
speciesand the Margal ef (richness) and Shannon-Wiener
(diversity) indexes on all the analysed samples has shown
that these species made different assemblages
characterised by different biodiversities. The first two
basal samples are characterised only by 3-4 species and
by the lower values of the Shannon-Wiener (<1) and
Margalef indexes (<0.4) while the remaining upsection
samples are characterised by 12-14 species and higher
values (Shannon-Wiener >1.5 and Margalef >0.5) (Fig.
2). From apalaeoenvironmental point of view, at the base
(samples BF 1-2) ostracods are represented only by
scarce Cyprideis agrigentina, Tyrrhenocythere
ruggierii, Loxoconcha mulleri, and L. eichwaldi,
pointing to a shallow and oligohaline waterbody.
Upsection (samples BF 3-6) the ostracod associations
become more diversified and referable to the “pointed
candonids-L eptocytheridae assemblage” of Gliozzi &
Grossi (in press), indicating a deeper and oligo-low
mesohaline environment. In correspondence of the third
“colombaccio” (samples BF 10-12) Leptocytheridae
decrease while " pointed candonids’ such as Caspiocypris
pontica, Pontoniella pontica, Zalanyiella venusta and
Camptocypria sp. 1 become dominant, pointing to a
further deepening and salinity decrease (freshwater-
oligohaline). Near the Messinian/Zanclean boundary
(sample BF 13) C. agrigentina and T. ruggierii become
again dominant, mirroring a shallower and more saline
(oligohaline) waterbody. Samples BF 14-18 are barren
of ostracods.

The Ca Blindana borehole is represented by 60 m
of laminated grey siltsintercal ated with thin arenaceous
levels. At around 45 m and 14 m, two calcareous-marly
levels have been detected, correlated by Roveri et al.
(2006) respectively with the first and second
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Fig. 2 - Stratigraphic log, community analysisindexes and pal aesoenvironmental reconstruction of the Buttafuoco section.

Specie Buttafuoco | Ca' Bindana Particara Maccarone Trave F. Pulcini Faneromeni Ano Akria
Amnicythere sp. 1 X X
Amnicythers sp. 2 X X X X X X X X
Amnicythers sp. 3 X X X X
Ampicythere sp. D (Miculan, in Bassetti et al., 2003) X x X x X X X X X
Ammnicythere acciculana (Olteanu, 1983) X X X

cosfata (Olteanu, 1989) X X X X X
Ammicythere fibca (Livental in Agalarova et al,, 1961} X
Amnicythere mutitubarcutata (Livental, 1929) X X X
Amiicythers palimpsesta {Livental, 1923) X X X X X X X X
Amnicythere propingua (Livental, 1929) X X X X X X X X X

b {Livental in Ag el al., 1940) X X X X

E: P (Livental in Agalarova et al., 1940) X X x X X X X X
E ] i (Suzin, 1858) X X
Euxinocythere (7)sp. X
Madiocytherideis (Sylvestra ) sp. B Ligios et al., 2008 X
Cyprideis sp. 5 X X X X X X
(Cyprideis agngenting Decima, 1964 F3 X X X X X X
Cypricleis amavauxensis Carbonnel, 1979 X X X X
Tyrrhenocythere ponfica Livental in Agalarova et al., 1981 k3 X X X X X X
Tyrrhenocythers ruggierd Devoto in Colacicchl et al., 1967 X X X X X X X
Tyrhenocythere of. T, taurica (Sinegub in Krstic, 1877) X
Tyrrhenocythere sp. X
L Brnata in Agal atal., 1940} X X X X X X
Lonnconcha eichwald! Livental, 1928 X X X X X X X X X
Loxoconcha kochi Méhes, 1908 X X X X
Loxoconcha miillert (Mébes, 1908) X X X X X X X
Laxoconcha rhombovalis Pokormy, 1952 X X X X
N dfafarow (Schi in Suzin, 1856) X X X X X X X X X
(Cytharura pyrama Schnelder in Agalarova et al,, 1940 X X X X
(Carmpiocypna sp. 1 X X X X X X X X
(Caspiocypris alta (Zalanyi, 1928) X
Caspiocypns pontica (Sokat, 1972) X X % X X Xcf.
Cypria sp. x X X X X X X
[Fabaeformiscandona sp. X X X X
Lineocypris p. 1 X X
[Pontonielia pontic a (Agalarova, 1961) X X X X X Xcf. X Xl
Typhlocypris sp. X
Zalanyella venusta (Zalamyl, 1929) X X X X X X X X

Tab. 1- List of the ostracods collected in the studied | ate M essinian Lago-Mare successions.
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“colombaccio” levels of the Colombacci Fm. and a
palaeosoil with roots and pedogenetic traces is evident
at 34 m(Fig. 3). The Ca Blindanasuccessionisreferable
to the Messinian p-ev,. Ostracods recovered in the 61
analysed samplesare scarce (several samplesarebarren),
anyway interesting since they document apoorly recorded
stratigraphical interval corresponding to the lower part
of p-ev,. On the whole, the ostracods are represented by
the 16 speciesreported in Tab. 1 that, along the sediment-
core, are arranged in oligospecific assemblages
(maximum 7 species, but generally around 5). The
assemblages are characterised by rather low Shannon-
Wiener and Margalef indexes, which values are
respectively <1.5 and <0.9 except for the uppermost
sampl e that showsvaluesof 1.64 and 0.98 (Fig. 3). Inthe
lower portion of the sediment core, up to the sample CB
17, ostracods are scanty and characterised by the presence
of dominant C. agrigentina accompanied by
L oxoconchidae and Tyrrhenocythere pontica, mirroring
a shallow and oligohaline environment. Upwards, the
assemblages are slightly more diversified and their
composition reflects the “ Leptocytheridae assemblage”
of Gliozzi & Grossi (in press), pointing to a slight
deepening of the environment, which becomes
mesohaline.

TheMontepetraand Perticara successionsarelocated
in the eastern sector of the Romagna Apennines, east to
the previous described successions, within the Sapigno
syncline (Roveri et al., 2006) (Fig. 1).

The Montepetra succession is represented by a 114
m-thick sediment core, made of two lithological

Community indexes

—m3 N of species

complete fining-upward cycles characterised at the base
by conglomerates and graded arenaceous levels and
towards the top by massive or finely laminated silts. At
53 m a calcareous level is present, correlated by Roveri
et al. (2006) with the uppermost third “colombaccio” of
the Colombacci Fm., while at 51.5 m fifty centimeters
of dark claysrichin organic matter start, overlain by blue-
grey finely-laminated clays (Fig. 4). Roveri et a. (2006)
and Grossi & Gennari (in press) referred the lower
portion of the succession, up to 51 m, to the Messinian
p-ev,, while the blue-grey clays immediately above the
dark level are referred to the lowermost Zanclean. On
the whole, Grossi & Gennari (in press) recognized 19
species of ostracods (Tab. 1) in the 55 analysed samples.
Generdly, ostracodsarewell preserved and make up rather
diversified assemblages, but differences in the number
of species and in the Shannon-Wiener and Margalef
indexes can be detected comparing the lower portion of
the sediment core (from 114 to 83.50 m) with the upper
portion: below there are no samples with more than 7
species and Shannon-Wiener and Margalef indexes are
respectively <1.4 (except for the sample at 109.22 m)
and <0.6, whilein the upper portion assemblagesare made
by 7-11 species and the indexes are, respectively, >1.5
and >0.6 (Fig. 4). The uppermost samples (from 51.81
to 51.00 m), corresponding to the dark layer, are sterile.
On the basis of the multivariate analysis, Grossi &
Gennari (in press) made a detailed palacoenvironmental
reconstruction of the Montepetra succession, showing
the alternance of high mesohaline assemblages made of
C. agrigentina, few Loxoconchidae and benthic
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Fig. 3- Stratigraphic log, community analysisindexes and pal acoenvironmental reconstruction of the Ca’ Blindana sediment core.
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Fig. 4 - Stratigraphic log, community analysisindexes and palacoenvironmental reconstruction of the Montepetrasediment core.

foraminifers such as Ammonia tepida and Elphidium
spp. with two episodes of deepening and freshening
[“Leptocytheridae assemblage” sensu Gliozzi & Grossi
(in press) in samplesMON 79-71 and “ pointed candonids-
L eptocytheridae assemblage” sensu Gliozzi & Grossi (in
press) in samples MON 56-45g], down to the oligo- low
mesohaline range in the upper portion of the succession,
including thethird “ colombaccio” level (Fig. 4).
Perticaraisashort (19.5 m-thick) section made, from
the base up to about 15 m, by grey-greenish finely
laminated clays with thin silty intercalations (Fig. 5).
These clays are overlain by 2 m of dark clays rich in
organic matter and, at around 17 m, by blue-grey clays.
Along the succession, between 7.5 and 9 m, a 90 cm-
thick calcareous level is recognizable, correlated by
Gliozzi & Grossi (2004) to the uppermost third
“colombaccio” of the Colombacci Fm. Thus, the grey-
greenish clays of the lower portion can be ascribed to
the Messinian p-ev, interval, while the blue-grey clays
are referable to the early Zanclean. Gliozzi & Grossi
(2004) recognized the presence of 22 ostracod species
(Tab. 1) in 31 out of 35 analysed samples. Apart from
few samples in which the ostracods are scarce, and the
uppermost samples, corresponding to the dark layer,
which are barren, the ostracod assemblages are
characterised by high diversity, as shown by the number
of species per samples (generally comprised between 9

and 18), and by the high values of the Shannon-Wiener
(generally >1.5) and Margalef (generally >1) indexes
(Fig. 5). Gliozzi & Grossi (2004), basing their detailed
palaeoenvironmental reconstruction on the multivariate
analysis results, recognized two low mesohaline
episodes, the first in the lower portion below the third
“colombaccio”, characterised by the “Leptocytheridae
assemblage” (sensu Gliozzi & Grossi, in press) and the
second above it, characterised by the transition between
the “pointed candonids-Leptocytheridae” and
“L eptocytheridae assemblages’ (sensu Gliozzi & Grossi,
in press), divided by a deep and freshwater-oligohaline
episode, represented by the “pointed candonids
assemblage” (sensu Gliozzi & Grossi, in press) in
correspondence of the “colombaccio” layer.

Maccarone is a well exposed, 230 m-thick section
located in the outer Umbro-Marche Apennine sector,
within the Cagnore-S. Urbano syncline (Fig. 1) (Odin et
al., 1997; Bertini, 2006; Roveri et a, in press, with refs).
In the lower 197.5 m, it is mainly silty clayey in
composition, with millimetre to centimetre arenaceous
laminations, more frequent in the lower portion. A
disconformity is evident at 121 m, correlatable with
the regiona unconformity that divides the p-ev, from
the p-ev, sedimentary succession. In the upper portion
of the Maccarone pelitic section, three calcareous levels
areevident at 178, 188 and 195 m, referablerespectively,
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to the first, second and third “colombaccio” of the
Colombacci Fm. Between the first and second
“colombaccio” one more decimetric calcareous layer
is recognizable at 186.5 m. At 197.50 m the silty clays
are overlain by blue-grey clays referable to the early
Zanclean (Fig. 6). The portion of succession comprised
between the p-ev /p-ev, disconformity and the
Messinian/Zanclean boundary can be ascribed to the
Messinian p-ev, succession. Inthis portion, 155 samples
have been analysed, spaced every 50 cm, and they gave a
rather well-preserved ostracod fauna even if
discontinuous; ostracods (Cyprideis instars) are present
in the sample immediately above the disconformity and
in very few samples upsection, while they become
abundant from about 175 m. On the whole 19 species
have been recognized (Tab. 1). Except for the lower
portion of theexamined p-ev, interval, inwhich the number
of speciesislow (4-5) and the Margal ef indexes are <1,
the remaining upsection samplesarericher in species (8-
13) and display higher Margalef indexes (generally >1,
up to 1.47) except for the uppermost samples, which
show, again, low valuesaround 0.7. The Shannon-Wiener
indexes are rather high (from 1.5 to 2) along the p-ev,
succession, except for the lower and uppermost samples
in which it is <1.4 (Fig. 6). The auto/synecological
analyses carried out on these samples show a gradual
change from a shallow-oligohaline environment
dominated by C. agrigentina, Loxoconchidae, T.
ruggierii and T. pontica (up to sample MC 367) to a
slightly deeper and oligo-low mesohaline waterbody,
indicated by the “pointed candonids-L eptocytheridae
assemblage” (sensu Gliozzi & Grossi, in press), in
correspondence of the samplesM C 371-378, and, finally,

Community indexes

= (=]

ZANCLEAN

N° of species Margalef index Shannon-Wiener
index

towards a rather deep and freshwater-oligohaline
environment characterised by the “pointed candonids
assemblage” (sensu Gliozzi & Grossi, in press) in the
sample interval MC 382-397a, which includes the third
“colombaccio” level (Fig. 6).

Foreland successions on the Adriatic side of the
northern and central Apennines

The Trave section, more than 230 m thick, islocated
on the Conero promontory and pertains to the foreland
domain of the northern Apennines (Fig. 1). laccarino et
al. (in press) studied the Messinian post-evaporitic
portion of this section, from about 27 to 209 m, which
includes the p-ev, interval from 27 to 127 m and the p-
ev, interval from 127 to 195 m, characterised by coarse
sedimentsaternated with clayey-silty intervals. At around
145 and 195 m two calcareous level, correlated
respectively with thefirst and third “colombaccio” of the
Colombacci Fm., are present and from 196 to 209 m a
thick calcarenitic level crops out, referred in literature
as the “trave” (laccarino et al., in press) (Fig. 7).
Ostracodsfrom the Trave successions are rather rich and
referableto 27 species (Tab. 1). Except for thelowermost
portion of the studied succession (up to 127 m,
corresponding to the p-ev, interval), in which Shannon-
Wiener and Margalef indexesarerather low (respectively
<1.2and 1), intheremaining p-ev, portion of the section,
number of species, Shannon-Wiener and Margal ef indexes
arerather high, respectively from 6to 14, around or >1.5
and >1. More in particular, the highest values of the
community indexes are recognizablein the p-ev, portion
below the first “colombaccio” (from 127 to 137 m) and
in the upper portion, from 148 to 195 m (Fig. 7).

Auto/synecological
analysis

Palasoenvironmental
reconstruction

Rather shallow (few meters to few tens of meters)
and mesohaline waterbody

Salinity oscillations from oligo-low mesohaline to
mesohaline environment)

Shallowing (from few meters to few tens of meters)
more saline waterbody (oligo-low mesohaline)

B

Deepening (probably down to several tens of meters)
and freshening (freshwater-oligohaline)of the environment

MESSINIAN (p-ev,)
o

(AR R R R NN NN RN NNENRM IELI NRERENR] KRR LN

o
m
-

PE1

Rather shallow (few meters to few tens of meters)
and low mesohaline waterbody

Laminated silts with millimetric
sandy intercalations

Evaporitic limestones
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Black silts Blue-grey clays

Fig. 5- Stratigraphic log, community analysisindexes and pal acoenvironmental reconstruction of the Perticara section.
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Fig. 6 - Stratigraphic log, community analysisindexes and palacoenvironmental reconstruction of the Maccarone section.

laccarino et al. (in press) showed that the lower portion
of the succession deposited in a shallow-water
environment which became progressively more saline
(from oligo- to meso-haline) as pointed out by theinitial
ostracod assemblages made by C. agrigentina,
Loxoconchidaeand T. ruggierii, followed by associations
inwhich T. ruggierii disappears and C. agrigentina and
Loxocorniculina djafarovi are dominant; upsection, they
recognize a progressive deepening and slight freshening
of the environment, with the “pointed candonids-
Leptocytheridae assemblage” (sensu Gliozzi & Grossi,
in press), followed, up to the “trave” biocal carenite, by a
long rather shallow and freshwater-oligohaline episode
testified by the dominance of “pointed candonids”
accompanied by Tyrrhenocythere spp. (Fig. 7).

The Fonte dei Pulcini composite section (Fonte dei
Pulcini A and Fontedei Pulcini B) islocated in Abruzzo
and pertainsto the outer central Apennineforeland domain
(Cipollari et a., 2003; Cosentino et al., 2005, unpublished
data) (Fig. 1). The Fontedei Pulcini A sectionismade by
a 53 m-thick succession made of a cyclic alternance of
brown-reddish, dark grey and light grey clays, sasmpled
every 50 cm for atotal amount of 107 samples (Fig. 8).
Thewhole succession has been referred to the Messinian
p-ev, interval (Cosentino et al., 2005) and does not include

the Messinian/Zanclean boundary, which crops out few
meters above in the neighbouring section Fonte dei
Pulcini B (Cipollari et al., 2003). The ostracod fauna
collected at Fonte dei Pulcini (Cipollari et al., 2003;
Gliozzi & Grossi, 2004; Cosentino et a., unpublished
data) is, on the whole, referable to 25 species (Tab. 1).
The community indexes show a rather sharp change
between the lower and upper portion of the succession.
Inthelower one, up to 14.0 m, the ostracod assemblages
are scanty, generally with less than 10 species among
which L. djafarovi, L. eichwaldi, C. anlavauxensis and
C. altaaredominant. Both Margal ef and Shannon-Wiener
indexes are generally below 1.5. Inthe upper portion, on
the contrary, ostracod assemblages are well diversified,
with ahigh number of species(upto 23), Margalef indexes
generaly comprised between 1.66 and 4 and Shannon
indexesaways>2, reaching 2.7 (Fig. 8). Gliozzi & Grossi
(in press) and Cosentino et al. (unpublished data) provided
a detailed palaeoenvironmental reconstruction of the
Fonte dei Pulcini A succession, by means of the
multivariate analysis. At the base, up to sample FP 30 it
startswith ashallow and mesohaline environment testified
by the presence of C. anlavauxensisand Loxoconchidae,
which evolves, up to sample FP 25, towards a slightly
deeper and low mesohaline environment as recorded by
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Fig. 7 - Stratigraphic log, community analysisindexes and pal aeoenvironmental reconstruction of the Trave section.

the “Leptocytheridae assemblage” (sensu Gliozzi &
Grossi, in press). Upsection, in samples FP 22-18 the
occurrence of T. ruggierii and T. pontica testifies salinity
decreasein the oligohalinerange. Integrating the dataon
ostracod assemblages from Fonte dei Pulcini A and B
sections, from sample FP 15 to sample MAJ 4 a
progressive slightly deepening and salinity increase is
recorded, from “ pointed candonids-L eptocytheridae” to
“L eptocytheridae assemblages’ (sensu Gliozzi & Gross,
in press) (Fig. 8).

Crete Hellenic forearc basin

The studied sections of Ano Akriaand Faneromeni are
located in the Iraklion Basin (central Crete), in the
Messaraplain (Fig. 1).

The Ano Akria section is a composite section with a
total thickness of 52 m, made of clayey-silty deposits
intercalated to thick channellized conglomerates and
arenaceous levels. The section includes the Messinian/
Zanclean boundary, signed by an unconformity (Cosentino
et al., 2007) (Fig. 9). Eighty-six samples have been

analysed, which gave 22 ostracod species (Tab. 1).
Ostracods collected at Ano Akria are generally badly
preserved, often decalcified and deformed. Several
samples are sterile but those which bear ostracods gave
rather diversified ostracod assemblages, characterised by
several species (uptoten), particularly inthelower more
brackish portion of the succession. Here, Shannon-
Wiener and Margalef indexes are >1.5. In the upper
oligohaline portion, on the contrary, diversity decreases:
number of species does not exceed 5 species/sample and
Shannon-Wiener and Margalef indexes are low,
respectively <1.3 and <1 (Fig. 9). The succession started
to sediment in a rather deep and oligohaline basin
(samples AA 17-19) astestified by the dominance of the
pointed candonids, accompanied by very few
L eptocytheridae, and then gradually turnsto a shallower
and more saline (oligo- to mesohaline) environment,
richer in Loxoconchidae, Leptocytheridae and
accompanying C. agrigentina. Only in the uppermost part
(samples AA 78-85), the environment turns again to a
deeper and freshwater-oligohaline environment, testified
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by the “pointed candonids assemblage” (sensu Gliozzi
& Grossi, in press) (Fig. 9).

A similar framework is recognizable in the
Faneromeni succession, a 13 m-thick section, made of a
similar intercalation of clayey silts and conglomerate
levels. Also in this section, the uppermost Zanclean
sediments are divided by the Messinian succession by an
unconformity (Cosentino et al., 2007) (Fig. 10). The
ostracod assemblages are, on the whole, made by 19
species (Tab. 1). In the lower portion, up to sample FA
17, diversity is very low, as testified by the number of
species per sample comprised between 1 and 4. In the
upper portion of the section, on the contrary, the number
of species per sample increases from 8 to 15. Anyway,
except for samples FA 18 and FA 19, which show high
Shannon-Wiener and Margal ef indexes (respectively >1.6
and >1.4), the indexes are rather low (Fig. 10). The
palaeoenvironmental changes recorded at Faneromeni
matches well those recognized in the upper portion of
the Ano Akria section: from a shallow and mesohaline
environment, dominated by Loxoconchidae and C.
agrigentina, the waterbody became deeper and lesssaline
(oligo-low mesohaline), characterised by the “pointed
candonids-L eptocytheridae” assemblage (sensu Gliozzi

|ZANCLEAN|

& Grossi, in press). At Faneromeni, probably a younger
portion of Messinian succession is preserved below
the Messinian/Zanclean unconformity, since a new
change in the environment is recorded, not recognizable
at Ano Akria: the environment turns again towards
shallower and mesohaline conditions as testified by the
occurrence of Loxoconchidae and C. agrigentina (Fig.
10).

DISCUSSION

Several Messinian post-evaporitic successionsin the
Mediterranean area have been analysed in a
micropal aeontological and palaeoenvironmental
perspective, and the community analyses have been
performed on them: Perticara, Buttafuoco, Montepetra,
CaBlindanaand Maccarone (Adriatic wedge-top basins),
Trave and Fonte dei Pulcini (Adriatic foreland basins),
Ano Akriaand Faneromeni (Cretelsland, Hellenic forearc
basin). On the whole, these successions intercept the
upper portion of the Messinian post-evaporitic deposits,
included by Roveri et al. (2005) in the p-ev, unit, except
for the base of the Trave succession that, according to

Auto/synecological
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Palaeoenvironmental
evolution

m 0 IMAJ 1

"MAJ 4 Community indexes

N° of species  Margalefindex  Shannon-Wiener

Shallowing (from few meters to few tens
index of meters) low mesochaline environment

FP5— *"

Deeper (some tens of meters) and
oligo-low mesohaline environment

10

Shallow (few meters) freshwater-
oligohaline environment

13.54 FPZg

Deeper low mesohaline environment

FP40

FP4&

MESSINIAN (p-ev,)

FP&0

FP&E8

FP74

FPa2
FP&&
FPa0

FP102

L1 525 FP107 fp107

Shallow (few meters) and mesohaline
waterbody

Marls with centimetric
fine-grained conglomerate level

Taranta Peligna clays

Conglomerate with
Sphaeroidinellopsis

Fig. 8- Stratigraphic log, community analysisindexes and pal aeoenvironmental reconstruction of the Fonte dei Pulcini composite section.
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The “community analysis’ methodology studies the

structural characteristics of the community, which are
strictly driven by the environment. In particular, the
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laccarino et al. (in press) is correlatable to the upper

portion of the p-ev, sensu Roveri et a. (2005) and for
the lower portion of the Maccarone succession.
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“diversity approach” used in this paper, utilizing the
richness (number of species) and Margalef index
(directly connected with the number of niches of the
environmental hyperspace and its resource breadth) and
the Shannon-Wiener index (which in some way gives
indications on the environmental stability; Dodd &
Stanton, 1990), makes it possible to reconstruct the
pal acoenvironmental evolution of an area along time,
without the need to know the palaeoecological
characterization of each species of the community. This
isparticularly useful inthose cases, asthelate Messinian
Lago-Mare communities, in which the assemblages are
mainly made of extinct species or, even, genera, and
very few data are available about the autecology of
each taxon (Gliozzi & Grossi, in press). Generally
speaking, the more the communities are diversified,
that means high number of species and high values of
the Margalef and Shannon-Wiener indexes, the more
the environment is stable, because it has had the time
to subdivide in a great number of ecological niches
(Dodd & Stanton, 1990).

If the community analysis is flanked by an auto/
synecological approach, the information about the
pal aeoenvironmental changes become more detailed and,
eventually, it is possibleto link the palacoenvironmental
changes to the forces that caused them. From this point
of view, the data discussed in the previous paragraph lead
to recognize seven different types of ostracod
assemblages, each one characteristic of a different
palacoenvironment (Tab. 2).

The community analyses performed on each Lago-
Mare succession show that the upper portion of the post-
evaporitic Messinian (p-ev,) is generally characterised
by unstable palaeoenvironments, in which ecological
parameters such as salinity and depth repeatedly change
preventing the setting of mature and diversified
communities. Particularly in the lower portion of the
examined post-evaporitic successions, the assemblages
aremade by very few species (3-4, max. 7) and Shannon-
Wiener indexes are often far lower than 1.5. Anyway,
going upwards in the successions, a trend towards
increased palacoenvironmental stability and assemblage
diversity is observable in many studied successions: the
number of speciesis generally greater than 7 (up to 23)
and the Shannon-Wiener index isalways>1.5, often near
2 and, in the case of the Fonte dei Pulcini section, >2.5.
This is often linked to the bloom of the “pointed
candonids-L eptocytheridae assemblage” or to the
“Leptocytheridae assemblage”, both representing rather
diversified communities that point to rather deep and
oligo- low mesohaline to mesohaline environments. The
setting of such environments could be driven both by local
and regional forces and, for this, the boundary between
low- and high-diversity ostracod assemblages is
heterochronous and cannot be used as a biostratigraphic
tool (Fig. 11).

Coupling the community analysis results with the
palaeoenvironmental analysis made using the auto/
synecological approach, and using the lithostratigraphic
correlations proposed by Roveri et al. (2006) and

OSTRACOD ASSEMBLAGE TAXONOMIC COMPOSITION

PALAEOENVIRONMENT REFERENCES

pointed candonids™ assemblage accompanyied by scarce Leptocytheridae or

Loxoconchidae.

“Pointed candonids™ (Camptocypria, Caspiocypris,
Lineocypris, Pontoniella, Zalanyiella) sometimes

Freshwater/oligohaline deep waterbodies Gliozzi & Grossi (in press)
(from some tens of meters to not more than
100 m of depth)

Candoninae and Leptocytheridae are rather
diversified, particularly the Leptocytheridae

Oligo/low mesohaline, rather deep Gliozzi & Grossi (in press)
waterbodies, (from few meters to not more

than 100 m of depth)

“pointed candonids™-
Leptocytheridae assemblage

contingent, which can include, up to 10 different
species. Accompanying species can include a few
Loxoconchidae, Cytherura pyrama and Loxocanda
limata .

Leptocytheridae assemblage

Rich contingent of Leptocytheridae (up to 11
species), accompanied by few Loxoconchidae.

Oligo-low mesochaline or mesohaline, rather
shallow waterbodies (from few meters to not
more than 50 m of depth)

Gliozzi & Grossi (in press)

Tvrrhenocythere assemblage

Dominant Tyrrhenocythere species, which are
accompanied by subordinated Cyprideis,
Loxoconchidae and Leptocytheridae.

Freshwater/oligohaline shallow waterbodies
(from few meters to not more than 30 m of
depth)

Gliozzi & Grossi (in press)

Cyprideis - Loxoconchidae-
Tvrrhenocythere assemblage

The presence of Tvrrhenocythere , together with

Cyprideis and Loxoconchidae species is rilevant,
sometimes accompanied by Cypria and
Candoninae.

Oligohaline shallow waterbodies (few meters
of depth, probably not more than 10-15 m)

This paper

Cyprideis - Loxoconchidae
assemblage

Dominated either by Cyprideis or by
Loxoconchidae species, sometimes with
subordinated few Leptocytheridae.

Mesohaline, shallow waterbodies (few
meters of depths, probably not more than 10-
15 m)

This paper

Cyprideis-Ammonia assemblage

Dominated by Cyprideis agrigentina and Ammonia
tepida , sometimes accompanied by Elphidium .

High mesohaline to hyperhaline shallow (few
meters, probably not more than 10-15 m)
waterbodies, depending to the accompanying

species.

Grossi & Gennari (in press)

Tab. 2 - Taxonomic composition and pal acoenvironmental meaning of Lago-Mare ostracod assembl age, derived from the auto/synecological

analyses.
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Cosentino et a. (2005) it is possible to depict, more in
detail, the palaeoenvironmental evolution of the Lago-
Mare succession. In particular, the two main ecol ogical
parameters, depth and salinity, will be considered.

In the lower part of the analysed post-evaporitic
Messinian, corresponding to the uppermost part of the
p-ev, and the lower portion of the p-ev, (sensu Roveri
et al., 2006), the studied successions (Ca Blindana,
Montepetra, Maccarone, Trave, and Fonte dei Pulcini)
suggest rather homogeneous depths, corresponding to
very shallow (few meters) waterbodies except at Trave
where in the upper portion of this interval, more or
less in correspondence with the first “colombaccio” a
sensible deepening is recorded down to some tens of
meters. These similar conditions could be linked to the
regressive trend, which characterised the upper part
of the p-ev, subunit, suggested by Roveri et al. (2006),
resulting in the setting of shallow waterbodies. On the
contrary, the salinity variations suggest local influences.
In fact, it is possible to recognize the setting of an
oligo- low meso-haline environment at Ca' Blindana,
while in the nearby Montepetra succession a brackish
high mesohaline palacoenvironment is detected. At
Trave, located eastwards, the salinities are intermediate,
oligo-mesohaline to mesohaline, while at Maccarone,
the p-ev, and the lower p-ev, sediments are sterile,
pointing to an unfavourable environment, at least for
the benthic communities. More southwards, at Fonte
dei Pulcini amesohaline environment isrecorded. Going
upwards in the Lago-Mare succession, the sediments
that in the Romagna-Marche area are comprised
between the first and second “colombaccio” (Fig. 11)
seem recording more local depth variations: a
progressive slight deepening of the environment, from
few meters at the base of this interval to few tens of
metersin the upper part at Ca’ Blindanaand Montepetra,
a dlight shallowing of the waterbody at Trave, while at
Fontedei Pulcini the environment remained shallow and
at Maccarone the ostracod assemblages are so scanty
to prevent any palaeodepth interpretation. Concerning
salinities, oligo- low meso-haline waterbodies are
detected at Ca' Blindana and Maccarone, a more
oligohaline environment at Trave and still a high
mesohaline environment at Montepetra. Thus, aso in
this case, local factors affected the Lago-Mare
environment. A more homogeneous Lago-Mare
waterbody is recognized in the interval between the
second and third “ colombaccio”, in the Romagna-Marche
sections where the waterbodies show a progressive
deepening and more saline (mesohaline) (from high
mesohalineto low mesohaline at M ontepetra) conditions,
except for Trave and Maccarone sections in which
oligohalinewaters are dominant and the waterbody depths
aresimilar to those of the previousinterval. A mesohaline
environment is recognizable also in the lower portion of
the Fontedei Pulcini section wherethe waterbody shows
alternate variations of depth from deeper conditions
(some tens of meters) to few meters and again to deeper
conditions. Mesohaline and shallow waterbodies are
recorded in the Crete successions of Ano Akria and
Faneromeni. These portions are probably correlatable to
the Lago-Mare interval comprised between the second
and third “ colombaccio” (Fig. 11). In correspondence of

the third “colombaccio”, few meters below the
Messinian/Zanclean boundary, in the Romagna-Marche
successions a remarkable salinity reduction and
deepening is testified: at Buttafuoco, Perticara,
Maccarone, and Trave freshwater-oligohaline waters
are recorded, while at Montepetra the same oligo-low
mesohaline conditions continues from below. At Fonte
dei Pulcini the same salinity decrease, coupled with
deeper conditions is observable in correspondence of
the rich in carbonate levels correlated by Cosentino et
al. (2005) to the third “colombaccio”. Even at Crete,
both the Faneromeni and Ano Akria successions record
upsection a less saline and deeper pulse. Finally, in the
uppermost part of the Lago-Mare studied successions,
below the Messinian/Zanclean boundary and below the
sterile dark layer, when present, a genera increase of
the salinity and shallower depths are recorded
(Buttafuoco, Perticara, Fonte dei Pulcini, Faneromeni),
while at Montepetra and Maccarone the freshwater-
oligohaline rather deep environment seems to persist
till the end of the Messinian.

In conclusion, while in the lower part of the upper
post-evaporitic Messinian, rather variable environments
are recorded through the central and eastern
Mediterranean, duetolocal factors, inthe uppermost part
apalaeocenvironmental homogeneity isrecognizableat a
regional scale, probably driven by global climatic changes.
Cosentino et a. (unpublished data), tuning the magnetic
susceptibility curve recorded at Fonte dei Pulcini A with
the Laskar 2004 curve (Laskar et a., 2004), showed that
the section is included in the time-interval comprised
from 5.396 to 5.336 Ma. This tuning is useful to
chronologically constrain also the other studied
successions that, following the correlation scheme
proposed in Fig. 11, could correspond, more or less, to
the same period (except for the p-ev, portion of the
Maccarone section, which probably exceed 5.4 Ma). In
thisway it is possible to use the Laskar 2004 curve (Fig.
12) to investigate the short period climatic variationsin
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the latest Messinian. After the insolation maximum
registered around 5.4 Ma, the insolation curve shows
two low amplitude peaks up to 5.36 Ma, which could
mirror weak global climatic effects (Hilgen et al., 2000),
and only after, until the Messinian/Zanclean boundary
at 5.33 Ma, the curve shows again high amplitude
oscillations. So, during the sedimentation of the lower
portion of the studied successions, the weak global
climatic changes were probably masked by variable
local conditions occurred in the different small
Mediterranean Lago-Mare basins while, in the upper
part, the stronger climatic oscillations superimposed,
driving the palaeo-environmental evolution of the
central and eastern Mediterranean area at a regional
scale.

ACKNOWLEDGEMENTS

We are grateful to J.-M. Rouchy, A. Bossio and D. Violanti
for their suggestions that helped us to improve this paper. This
research has been founded by COFIN 2003 “Tectono-
sedimentary processes, palacoenvironmental and palaeoclimatic
changes in the central-eastern Mediterranean during the late
Messinian Lago-Mare event” (Local coordinator D. Cosentino)
and PRIN 2006 “Stratigraphy, chronology and
palacoenvironmental reconstruction of the evaporitic and post-
evaporitic Messinian deposits in the central-eastern
Mediterranean Basin” (Local coordinator D. Cosentino).

REFERENCES

Agalarova D.A., Dzhafarov D.l. & Khalilov D.M. (1940).
Spravochnik po mikrofaune tretichnykh otlozheniy
apsheronskogo poluostrova, Baku: 1-135[in Russian].

AgaarovaD.A., KadyrovaZ.K. & KulievaS.A. (1961). Ostrakody
pliotsenovyhk i postpliotsenovykh otlozheniy Azerbaydzhana,
Baku: 1-420[in Russian].

Bassetti M.A., Miculan P. & Ricci Lucchi F. (2003). Ostracod faunas
and brackish-water environments of the late Messinian Sapigno
section (northern Apennines, Italy). Palaeogeography,
Palaeoclimatol ogy, Palaeoecol ogy, 198: 335-352.

Bassetti M.A., Miculan P. & Sierro F.J. (2006). Evolution of
depositional environments after the end of Messinian Salinity
CrisisinNijar Basin (SE Betic Cordillera). Sedimentary Geology,
188-189: 279-295.

Benson R.H. (1975). The origin of the psychrosphere as recorded
in changes of deep-sea ostracode assemblages. Lethaia, 8: 69-
83.

Benson R.H. (1976). Changesin the ostracodes of the Mediterranean
with the Messinian Salinity Crisis. Palaeogeography,
Palaeoclimatology, Palaeoecology, 20: 147-170.

Benson R.H. (1986). Messinian Salinity Crisis. Encyclopaedia of
Earth System Science, 3: 161-167.

Bertini A. (2006). The Northern Apenninespalynological record asa
contribute for the reconstruction of the Messinian
palaeoenvironments. Sedimentary Geol ogy, 188-189: 235-258.

Blanc P.L. (2006). Improved modelling of the Messinian Salinity
Crisis and conceptual implications. Palaeogeography,
Palaeoclimatol ogy, Palaeoecol ogy, 238 (1-4): 349-372.

Bonaduce G. & SgarrellaF., 1999. Paleoecol ogical interpretation of
the latest Messinian sediments from southern Sicily (ltaly).
Memorie della Societa Geologica Italiana, 54: 83-91.

Braga J.C., Martin .M., Riding R., Aguirre J., Sdnchez-Almazo
I.M. & Dinarés-Turell J. (2006). Testing models for the
Messinian salinity crisis: The Messinian record in Almeria, SE
Spain. Sedimentary Geology 188-189: 131-154.

Butler R.W.H., Lickorish W.H., Grasso M., Pedley H.M. &
Ramberti L. (1996). Tectonics and sequence stratigraphy in
Messinian Basins, Sicily: constraints on the initiation and
termination of the Mediterranean salinity crisis. Geological
Society of America Bulletin, 107: 425-439.

Butler RW.H., McClelland E. & Jones R.E. (1999). Calibrating
the duration and timing of the Messinian salinity crisis in
the Mediterranean: linked tectonoclimatic signals in thrust-
top basins of Sicily. Journal of the Geological Society of
London, 156: 827-835.

Carbonnel G. (1979). Lazone a Loxoconcha djaffarovi Schneider
(Ostracoda, Miocene supérieur) ouleMessinien delavalléedu
Rhéne. Revue de Micropalééontologie, 21: 106-118.

Carnevale G., Caputo D. & Landini W. (2006a). Late Miocene
fish otoliths from the Colombacci Formation (Northern
Apenninesitaly): Implicationsfor the Messinian ‘ Lago-mare’
event. Geological Journal, 41: 1-9.

Carnevale G., Landini W. & Sarti G. (2006b). Mare versus Lago-
mare: marine fishes and the Salinity Crisis. Journal of the
Geological Society of London, 163: 75-80.

CarnevaleG., Longinelli A., Caputo D., Barbieri M & Landini W.
(2008). Did the Mediterranean marine reflooding precede the
Mio-Pliocene boundary? Paleontological and geochemical
evidence from upper Messinian sequences of Tuscany, Italy.
Palaeogeography, Palaeoclimatol ogy, Palaeoecol ogy, 257: 81-
105.

Cipollari P, Cosentino D., Di BellaL., Gliozzi E. & Pipponzi G.
(2003). Inizio della sedimentazione d’ avanfossanellaMajella
meridionale: lasezione di Fontedei Pulcini (TarantaPeligna).
Studi Geologici Camerti, Spec. Vol. 2003 (1): 63-71.

Cipollari P, Cosentino D. & Gliozzi E. (1999). Extension- and
compression-related basins in central Italy during the
Messinian Lago-Mare event. Tectonophysics, 315: 163-185.

Cita M.B. (1973). Mediterranean Evaporite: paleontological
arguments for a deep basin desiccation model. In Drooger
C.W. (ed.), Messinian Events in the Mediterranean, North-
Holland Publ. Co.: 206-228.

CitaM.B., Wright R.C., Ryan W.B.F. & Longinelli A. (1978). 53.
Messinian Paleocenvironments. Deep Sea Drilling Project, Initial
Reports, 42: 1003-1035.

Clauzon G., Suc J.-P, Gautier F., Berger A. & Loutre M.F. (1996).
Alternate interpretation of the Messinian salinity crisis:
controversy resolved? Geology, 24: 363-366.

Clauzon G., Suc J.-P, Popescu S.M., Marunteanu M., Rubino J.-
L., MarinescuF, JipaD. & Melinte M.C. (2005). Influence of
theMediterranean sealevel changesover theDacicbasin (Eastern
Paratethys) in Late Neogene. The Mediterranean Lago Mare
deciphered. Basin Research, 17: 437-462.

Colacicchi R., Devoto G. & Praturlon A. (1967). Depositi messiniani
oligoalini al bordo orientale del Fucino e descrizione di
Tyrrhenocythere ruggierii Devoto, nuova specie di ostracode.
Bollettino della Societa Geologica Italiana, 86: 21-37.

Cosentino D., Cipollari P, Lo Mastro S. & Giampaolo C. (2005).
High-frequency cyclicity inthelatest Messinian Adriatic foreland
basin; Insight into palaeoclimate and pal aeoenvironments of the
Mediterranean Lago-Mare episode. Sedimentary Geology, 178:
31-53.

Cosentino D., Federici I., Cipollari P. & Gliozzi E. (2006).
Environmentsand tectonicinstability in central Italy (Garigliano
Basin) during thelate Messinian Lago-Mare episode: New data
from the onshore Mondragone 1 well. Sedimentary Geology,
188-189: 297-317.

Cosentino D., Gliozzi E. & Pipponzi G. (2007). Thelate Messinian
Lago-Mareepisodeinthe Mediterranean Basin: Preliminary report
on the occurrence of Paratethyan ostracod fauna from central
Crete (Greece). Geobios, 40: 339-349.

Dodd J.R. & Stanton R.J. (1990). Paleoecology. Concepts and
applications. 502 pp., Wiley-Interscience Publication, Wiley &
Sons, New York.

Gignoux M. (1936). Géologie stratigraphique, 2.eme édition.
Masson, Paris: 1-709.

Gliozzi E., Ceci M.E., Grossi F. & Ligios S. (2007). Paratethyan
Ostracod immigrants in Italy during the Late Miocene.
Geobios, 40: 325-337.



146 Bollettino della Societa Paleontologica Italiana, 47 (2), 2008

Gliozzi E., Cipollari P. & Cosentino D. (2002). The Messinian
Lago-Mare event in central Italy: palaesogeographical
reconstruction using geological data and ostracod
assemblages. Geolnstitute, Spec. Publ. 26: 153-168.

Gliozzi E. & Grossi F. (2004). Ostracode assemblages and
pal aeoenvironmental evolution of the latest Messinian Lago-
Mare event at Perticara (Montefeltro, northern Apennines,
Italy). Revista Espafiola de Micropaleontologia, 36 (1): 157-
169.

Gliozzi E. & Grossi F. (in press). Multivariate analysis as a tool
to infer the autoecology and sinecology of extinct ostracods:
an example from the late Messinian Lago-Mar e assembl ages.
Palaeogeography, Palaeoclimatology, Palaeoecology.

Griffin D.L. (2002). Aridity and humidity: two aspects of the
late Miocene climate of North Africa and the Mediterranean.
Palaeogeography, Palaeoclimatology, Palaeoecology, 182:
65-91.

Grossi F. & Gennari R. (in press). Palaeoenvironmental
reconstructions of the Messinian/Zanclean boundary using
ostracods and forams: the Montepetra borehole (North
Apennines, Italy). Atti del Museo Civico di Storia Naturale di
Trieste.

HilgenF.J,, Bissoli L., laccarino S., Krijgsman W., Meijer R., Negri
A. & VillaG. (2000). Integrated stratigraphy and astrochronol ogy
of the Messinian GSSP at Oued Akrech (Atlantic Morocco).
Earth and Planetary Science Letters, 182: 237-251.

HsliK.J.,, RyanW.B.F. & CitaM.B. (1973). Late Miocenedesiccation
of the Mediterranean. Nature, 242: 240-244.

laccarino S. & Bossio A. (1999). Palaeoenvironment of uppermost
M essinian sequencesin the Western M editerranean (Sites 974,
975 and 978). Proceedings of the ODP, Scientific Results, 161
529-541.

laccarino S.M., Bertini A., Di Stefano A., Ferraro L., Gennari R.,
Grossi F, Lirer F., Manzi V., Ricci Lucchi M., Taviani M.,
Sturiale G., Angeletti L. & Sprovieri M. (in press). The Trave
section (Montedei Corvi, Ancona, Central Italy): anintegrated
paleontological study of the Messinian deposits.
Sratigraphy.

laccarino S.M., CitaM.B., Gaboardi S. & Gruppini G.M. (1999).
High resolution biostratigraphy at the Miocene/Pliocene
boundary in Holes 974B and 975B, Western Mediterranean.
Proceedings of the ODP, Sientific Results, 161: 197-221.

Krijgsman W., Hilgen F.J., Raffi I., Sierro F.J. & Wilson D.S.
(1999). Chronology, causes and progression of the Messinian
salinity crisis. Nature, 400: 652-655.

Krstic N. (1977). The ostracod genus Tyrrhenocythere. In Loffler
H. & Danielopol D. (eds.), Aspects of ecology and
zoogeography of recent and fossil Ostracoda. Dr W. Junk b.
v. Publishers, The Hague: 395-405.

Laskar L.J., Robutel P, Joutel ., Gastineau M., CorreiaA.C.M. &
Levrard B. (2004). A long term numerical solution for the
insolation quantities of the Earth. Astronomy & Astrophysics,
428: 261-285.

Ligios S., Bossio A. & Gliozzi E. (2008). New species of
Mediocytherideis (Ostracoda, Mediocytherideisinae) in the
brackish Messinian of Italy. Bollettino della Societa
Paleontologica Italiana, 47 (2): 147-167.

McCulloch M.T. & De Deckker P. (1989). Sr isotope constraints
on the Mediterranean environment at the end of the Messinian
salinity crisis. Nature, 342: 62-65.

Odin G.S,, Ricci Lucchi F., Tateo F., Cosca M. & Hunziker J.C.
(1997). Integrated stratigraphy of the Maccarone section, late
Messinian (Marcheregion, Italy). InMontanari A., OdinG.S. &
Coccioni R. (eds.), Miocene Stratigraphy: An Integrated
Approach. Elsevier: 53 -545,

Orszag-Sperber F. (2006). Changing perspectives in the concept
of “Lago-Mare” in Mediterranean Late Miocene evolution.
Sedimentary Geology, 188-189: 259-277.

Popescu S.M., Melinte M.-C., Suc J.-P, Clauzon G., Quillévéré
F. & Sito-Szentai M. (2007). Earliest Zanclean age for the
Colombacci and uppermost Di Tetto formations of the “latest
Messinian” northern Apennines: New palaeoenvironmental
data from the Maccarone section (Marche Province, Italy).
Geobios, 40: 359-373.

Rouchy JM. & Caruso A. (2006). The Messinian salinity crisis
in the Mediterranean basin: A reassessment of the data and
an integrated scenario. Sedimentary Geology, 188-189: 35-
67.

Rouchy JM., Caruso A., Pierre C., Blanc-Valleron M .-M. & Bassetti
M.A. (2007). The end of the Messinian Salinity Crisis: new
insights from the Chelif Basin (Algeria). Palaeogeography,
Palaeoclimatology, Palaeoecology, 254: 386-417.

Roveri M., Bassetti M.A. & Ricci Lucchi F. (2001). The
Mediterranean Messinian salinity crisis: an Apennineforedeep
perspective. Sedimentary Geology, 140: 201-214.

Roveri M., Bertini A., Cipollari P, Cosentino D., Di Stefano A.,
Florindo F., Gennari R., Gliozzi E., Grossi F., laccarino SM.,
Lugli S. & Manzi V. (in press). Comment on ‘Earliest
Zanclean age for the Colombacci and uppermost Di Tetto
formations of the “latest Messinian” northern Apennines:
New palaeoenvironmental data from the Maccarone section
(Marche Province, Italy)’ by Popescu et a. (2007) Geobios
40 (359-373). Geobios.

Roveri M., Boscolo Gallo A., Rossi M., Gennari R., laccarino
S.M. & Lugli S. (2005). The Adriatic foreland record of
Messinian events (central Adriatic Sea, Italy). GeoActa, 4:
139-157.

Roveri M., Lugli S., Manzi V., Gennari R., laccarino S.M., Grossi
F. & Taviani M. (2006). The record of Messinian events in
the Northern Apennines foreland basins. R.C.M.N.S. Interim
Colloguium 2006 “The Messinian salinity crisis revisited
11", Pre-Congress Field Trip Guide. Acta Naturalia de
“L’Ateneo Parmense’, 42 (3): 47-125.

Roveri M. & Manzi V. (2006). The Messinian salinity crisis:
Looking for a new paradigm? Palaeogeography,
Palaeoclimatology, Palaeoecology, 238: 386-398.

Roveri M., Manzi V., Bassetti M.A., Merini M. & Ricci Lucchi
F. (1998). Stratigraphy of the Messinian post-evaporitic
stage in eastern-Romagna (northern Apennines, Italy).
Giornale di Geologia, 60: 119-142.

Ruggieri G. (1962). Laserie marinapliocenicae quaternariadella
Romagna. Cameradi Commercio, Industriae Agricoltura, Forli,
79 pp.

Ruggieri G. (1967). The Miocene and later evolution of the
Mediterranean Sea. InAdamsC.G. & Ager D.V. (eds.), Aspects
of Tethyan Biogeography. Systematics Association Publication,
7: 283-290.

Ruggieri G. & Greco A. (1965). Studi geologici e paleontologici su
Capo Milazzo con particolareriguardo a Milazziano. Geologica
Romana, 4: 41-88.

Suzin A. V. (1956). Ostracody Tretichnykh otlozheniy severnogo
predkavkazya. Moskwa: 1-191 [in Russian).

Trenkwalder S., Violanti D., d'Atri A., Lozar F, DelaPierreF. &
IraceA. (2008). The Miocene/Pliocene boundary and the Early
Pliocene micropal eontol ogical record: new datafrom the Tertiary
Piedmont Basin (Moncucco quarry, Turin Hill, Northwestern
Italy). Bollettino della Societa Paleontologica Italiana, 47
(2): 87-103.

Weijermars R. (1988). Neogene tectonics in the Western
Mediterranean may have caused the Messinian Salinity Crisis
and an associated glacial event. Tectonophysics, 148: 211-
219.

Manuscript received 28 January 2008
Revised manuscript accepted 28 April 2008



