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rant an explanation.

The calcareous nannofossil Ceratolithus acutus (= C. armatus) is an important species associated with the final
flooding that ended the Messinian Salinity Crisis in the Mediterranean. We emphasize its robust identifying fea-
tures and stratigraphic value in the global ocean. This species is particularly useful in recognising and constraining
the Messinian-Zanclean boundary in the Mediterranean, as evidenced by reports from 75 localities and 20 refer-
ences in addition to our own papers. Our emphasis is prompted by the assessment of Stoica et al. (2016) that
Ceratolithus acutus is a “dubious” species with its lowest occurrence an “unreliable” biostratigraphic event.
Such assessments by non-specialists, especially when “supported” by selective referencing of the literature war-

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

In recent years great advances have been made in understanding
the Messinian Salinity Crisis which affected the Mediterranean do-
main. The integration of preexisting and new datasets has facilitated
an unprecedented degree of detail in the chronostratigraphic as-
sessment of the crisis. At this stage, further refinement is achievable
only if there is a consistent and rigorous application of analytical
best practices as well as a thorough and unbiased integration of all
available investigated tools. This Comment deals with one specific
aspect of a paper by Stoica et al. (2016) which has wide-ranging im-
plications for the overall understanding of the Messinian Salinity
Crisis.
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In their paper, Stoica et al. (2016, p. 868) state that: “In the seismic
profiles, the Lago-Mare may consequently have been confused with
the Pliocene, especially since in some cases unreliable biostratigraphic
events (especially the dubious nannofossil Ceratolithus acutus) are
used to determine the Messinian-Zanclean boundary in the deep Med-
iterranean basins (Clauzon et al., 2005; Popescu et al., 2015)”. Such a
bald statement requires clarification as it has important implications
for the correct chronostratigraphic interpretation of the Messinian
Salinity Crisis.

These authors, without justification, qualify the lowest occurrence
of the calcareous nannofossil species C. acutus as an “unreliable” bio-
stratigraphic event, even though specialists of calcareous nanno-
plankton have established and repeated its global reliability to
characterize the Messinian-Zanclean boundary (Bukry, 1973a, 1975;
Haq et al., 1980; Okada and Bukry, 1980; Perch-Nielsen, 1985;
Young, 1998; Raffi et al.,, 1998, 2006; Anthonissen, 2009; Zeeden
et al, 2013).
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In particular, Stoica et al. (2016) consider C. acutus as “dubious”, but
again without justification. This is particularly mystifying because
numerous micropalaeontologists have identified this species in the
Mediterranean (see Fig. 1 and references therein). On what grounds is
C. acutus “dubious” and why is its record an “unreliable stratigraphic
event”? No explanations are offered by these authors, none of whom
is a calcareous nannoplankton specialist. We hope our comment will
prompt the authors to offer concrete evidence in support of their
skepticism.

To give credence to the supposed unreliability of C. acutus as a
marker of the Messinian-Zanclean boundary, Stoica et al. (2016)
quote two references: Clauzon et al. (2005) and Popescu et al. (2015).
This selective choice of references must be set against a plethora of pub-
lications where the presence of C. acutus has been evidenced in numer-
ous Mediterranean locations (Fig. 1). Unfortunately, Stoica et al. (2016)
do not explain their specific predilection. In addition, the reference to
Clauzon et al. (2005) is misleading because the paper (1) does not con-
cern the deep Mediterranean basins and (2) contains no record of
C. acutus, except to mention the findings of Snel et al. (2006b).

2. Identification of Ceratolithus armatus Miiller 1974 — C. acutus
Gartner and Bukry 1974

Ceratolithus armatus was originally described by Miiller (1974) from
the southwestern Indian Ocean (DSDP Site 242) as follows: “This spe-
cies has a relatively narrow arch connecting two arms which are dis-
tinctly curved. One of them is a little longer than the other. Both arms
are distinguished by a row of long teeth. One of these rows is elongated
to the apex. The convex side of the curvature is developed deltoid. In po-
larized light, this species shows a distinct birefringence”. Two months
later, Gartner and Bukry (1974) described C. acutus from the eastern
Indian Ocean (DSDP Site 214) as “a robust species with unequal horns
and a broad but pronounced apical spine and apical structure”.
C. acutus is highly birefringent in crossed nicols. Specimens are brightest
when the horns are at about 45° in crossed nicols and go to extinction
when the horns are parallel to the direction of polarization” (Gartner
and Bukry, 1975). This description of C. acutus is fully accepted
by Perch-Nielsen (1985), who specifies that “the species has unequal
or almost equal horns and a blunt apical spine terminating in an
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Fig. 1. Localities with Ceratolithus acutus in the Mediterranean region s.I. 1, Tetouan (Cornée et al., 2014); 2, Ibourouhene, Oued Laou (Cornée et al., 2014); 3, Tirinesse, Oued Laou (Cornée
et al., 2014; Do Couto, 2014: data from M.C. Melinte-Dobrinescu); 4, Rio Mendelin, Malaga (Do Couto et al., 2014); 5, Ait Abdallah, Boudinar (Cornée et al., 2016); 6, Megzyat, Boudinar
(Cornée et al., 2016); 7, Cuesta de Cariatiz, Sorbas (Clauzon et al., 2015); 8, Moras, Sorbas (Clauzon et al., 2015); 9, Cortijo de Hoyo, Sorbas (Clauzon et al., 2015); 10, Cerro de Juan
Contrera, Sorbas (Clauzon et al., 2015); 11, Barranco del Infierno, Sorbas (Clauzon et al., 2015); 12, Panorama Viewpoint, Sorbas (Clauzon et al., 2015); 13, Cortijo de Paco el
Americano, Sorbas (Clauzon et al., 2015); 14, Hostal Sorbas, Sorbas (Clauzon et al., 2015); 15, Cortijo Marchalien la Gorda, Sorbas (Clauzon et al., 2015); 16, La Cumbre, Sorbas
(Clauzon et al., 2015); 17, Torcales del Pocico, Sorbas (Clauzon et al., 2015); 18, Gafares, Nijar Basin (Do Couto et al., 2014); 19, Garapancho, Vera Basin (unpublished data from M.C.
Melinte-Dobrinescu); 20, ODP Site 976 (Popescu et al., 2015); 21, ODP Site 978 (Popescu et al., 2015); 22, Cabezzo del Moro, Orihuela (Lancis and Flores, 2007); 23, La Pedrera, Bajo Segura
(Soria et al., 2008; Lancis et al., 2015); 24, Dehesa de Pino Hermoso, Bajo Segura (Lancis et al., 2015); 25, Pantano de Elche, Bajo Segura (Lancis et al., 2015); 26, Télégraphe de Sidi Brahim,
Chelif (unpublished data from M.H. Mansouri); 27, ODP Site 975 (Di Stefano, 2010); 28, DSDP Site 372 (Miiller, 1978); 29, DSDP Site 134 (Popescu et al., 2015); 30, Casabianda, Aleria
(Popescu et al., 2009); 31, Onifai, Orosei (unpublished data from M.C. Melinte-Dobrinescu); 32, Cava Serredi, Livorno (Popescu et al., 2009); 33, San Ippolito, Pomarance (unpublished
data from M.C. Melinte-Dobrinescu); 34, DSDP Site 132 (Bukry, 1973b); 35, Capo Rossello, Agrigento (Cita and Gartner, 1973; Rio et al., 1976; Ellis and Lohman, 1979); 36, Pasquasia, Cal-
tanissetta (Rio et al., 1976); 37, Maccarone, Apiro (Popescu et al., 2007, 2008); 38, Civitella del Tronto (Brozzetti et al. in press; unpublished data from M.C. Melinte-Dobrinescu); 39, San
Nicolao, Maiella Mountain (Crescenti et al., 2002); 40, Fonte dei Pulcini, Maiella Mountain (unpublished data from M.C. Melinte-Dobrinescu); 41, Lacedonia (unpublished data from M.C.
Melinte-Dobrinescu); 42, Guardavalle bridge (unpublished data from M.C. Melinte-Dobrinescu); 43, Caulonia (unpublished data from M.C. Melinte-Dobrinescu); 44, Kalamaki, Zakynthos
(Karakitsios et al., 2016); 45, Platanos, Crete (Keupp and Bellas, 2000); 46, ODP Site 969 (Castradori, 1998); 47, Site DSDP 375 (Ellis and Lohman, 1979); 48, Psematismenos, Cyprus (un-
published data from M.C. Melinte-Dobrinescu); 49, Kic1 (unpublished data from M.C. Melinte-Dobrinescu); 50, Toprakhisar (unpublished data from M.C. Melinte-Dobrinescu); 51,
Ghmam, Lattaquié (unpublished data from M.C. Melinte-Dobrinescu); 52, Nesher Quarry, Haifa (Zilberman et al., 2010); 53, Borehole SH13, Beer Sheva (unpublished data from M.C.
Melinte-Dobrinescu); 54, Trilophos (Suc et al., 2015); 55, Akropotamos (Snel et al., 2006a); 56, Enez (Melinte-Dobrinescu et al., 2009); 57, Yaylakdy (Melinte-Dobrinescu et al., 2009);
58, Kilitbahir (Melinte-Dobrinescu et al., 2009) and Melekhanim (unpublished data from M.C. Melinte-Dobrinescu); 59, Sonok and Nuriyamut Abidaal (Karakas, 2013: data from M.C.
Melinte-Dobrinescu); 60, Seddiilbahir (Melinte-Dobrinescu et al., 2009); 61, Intepe (Melinte-Dobrinescu et al., 2009); 62, Umurbey (unpublished data from M.C. Melinte-Dobrinescu);
63, Misakca (unpublished data from M.C. Melinte-Dobrinescu); 64, Muratlar (unpublished data from M.C. Melinte-Dobrinescu); 65, Haciveliobasi (unpublished data from M.C.
Melinte-Dobrinescu); 66, Muradiye (unpublished data from M.C. Melinte-Dobrinescu); 67, Sogucak (unpublished data from M.C. Melinte-Dobrinescu); 68, Samanh and Korukdy (unpub-
lished data from M.C. Melinte-Dobrinescu); 69, DSDP Site 380 (Popescu et al., 2010, 2016); 70, Batinci, Skopje (Bache et al., 2012; Suc et al,, 2015); 71, Gabrovacka Reka, Ni$ (Bache et al.,
2012; Suc et al,, 2015); 72, Hinova (Suc et al., 2011, 2015); 73, Ticleni (Drivaliari et al., 1999); 74, Valea Vacii (Snel et al., 2006b); 75, Kertch - Taman (Semenenko and Olejnik, 1995). The
map has been elaborated using GeoMapApp©System developed by Ryan et al. (2009).
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Fig. 2. Photographs in polarized light (crossed nicols) of some specimens of Ceratolithus acutus and of a abiogenic debris showing some likeness with C. acutus. C. acutus: a, Civitella del
Tronto (Colombacci Formation at the Crocetta Chapel - site 38 in Fig. 1); b, Orosei (bottomset beds just overlying the Messinian Erosional Surface at Onifai - site 31 in Fig. 1); c, Sorbas
Basin (clays overlying the Sorbas Limestone at La Cumbre - site 16 in Fig. 1). Abiogenic debris: d, Sorbas Basin (clays overlying the Sorbas Limestone at La Cumbre - site 16 in Fig. 1).

acute angle”. As C. armatus and C. acutus are very similar, Young
(1998) concluded that they are synonyms. Despite C. armatus has
two months priority, nannofossil workers continued to use both
names in a random way, C. acutus being preferred in the Mediterra-
nean realm. C. acutus has a chronological range from 5.345 to
5.04 Ma (Raffi et al., 2006).

Such a clear and precise formal definition of C. armatus/C. acutus is
accompanied by a series of detailed textual and/or photographic de-
scriptions from the Mediterranean records (Rio et al., 1976; Ellis and
Lohman, 1979; Castradori, 1998; Keupp and Bellas, 2000; Snel et al.,
2006a, b; Melinte-Dobrinescu et al., 2009; Suc et al., 2011; Cornée
et al., 2014, 2016; Do Couto et al., 2014; Clauzon et al., 2015; Lancis
et al., 2015; Popescu et al., 2016). Some selected photographs from
our records of C. acutus are shown in Fig. 2a—c. Some risk of confusion
could be argued with similarly shaped and sized abiogenic debris
being birefringent too in polarized light (crossed nicols). As shown for
such a debris in Fig. 2d, the absence of the above mentioned morpholog-
ical characters guarantees the reliability of records of C. acutus/
C. armatus.

Such a large body of evidence makes the identification of C. acutus
particularly robust because based on a very careful work. As it is a rare
species, an extended search is often needed to find specimens. There-
fore, it is difficult to infer much from the presumable absence of this
nannofossil.

3. Records of Ceratolithus acutus in the Mediterranean

We welcome this opportunity to underscore the chronostratigraphic
importance of Ceratolithus acutus. This species has been recorded in the
Mediterranean and its Late Miocene-Early Pliocene appendage, the
Eastern Paratethys, in at least 75 localities (Fig. 1). As demonstrated by
several of our extensive field expeditions in various regions such as in
southeastern Spain and onland the southern Marmara Sea, relatively
frequent records of C. acutus can be obtained only by (1) processing a
large number of samples and (2) analyzing smear slides in more detail
than for routine investigations. Despite the relative scarcity of
C. acutus (Di Stefano and Sturiale, 2010), its numerous records within
the Mediterranean Basin make it an important species.

4. Discussion and conclusion

While only our own papers reporting the occurrence of Ceratolithus
acutus are questioned by Stoica et al. (2016), twenty other references
citing the presence of this species are not met with similar skepticism.
This selective referencing of the literature should be accompanied by
an explanation.

The stratigraphic value of the calcareous nannofossil record from the
Jurassic to present in general and within the Messinian-Zanclean
boundary interval especially, is at least equivalent to that of ostracods
and/or magnetostratigraphy. To expect strict reproductibility
(van Baak et al., 2015) in microfossil content between twin samples is
utopian because a rare microfossil may be present in a small part of

the sample and absent from the rest, or may simply reflect a chance en-
counter. Any micropalaeontologist knows that the presence of a species
has more robust significance than its absence (Popescu et al., 2016).

A possible explanation for the reluctance to accept the various occur-
rences of C. acutus in the Mediterranean region is because this species
has been recorded in several places obviously below the formally de-
fined base of the Zanclean (e.g., for the published localities: Malaga:
Do Couto et al., 2014; Sorbas: Clauzon et al., 2015; Apennine foredeep:
Popescu et al., 2007, 2008; Brozzetti et al. in press; Zakynthos:
Karakitsios et al., 2016, see in particular their Appendix 2). Such occur-
rences imply that marine reflooding of the Mediterranean Basin closing
the Messinian Salinity Crisis occurred significantly before the Zanclean
Stage, as also revealed by other evidence (Cavazza and DeCelles, 1998;
Cornée et al., 2006; Bache et al.,, 2012; Brozzetti et al. in press;
Crescenti and Raffi, in press). Such a mounting body of evidence bears
witness to a more complex sequence of events and contradicts the
established belief of Mediterranean reflooding at 5.33 Ma, i.e. at the
base of the Zanclean (Van Couvering et al., 2000). This belief is well in-
grained in the literature on the Messinian Salinity Crisis and informs the
work of many scientists researching this fascinating issue. From a scien-
tific standpoint, there is a little point in continuing to dispute the rele-
vance of Ceratolithus acutus, arguing about its supposed unreliability
and/or its scarcity.

The intense and rewarding international debate on the causes, pro-
cess and timing of the Messinian Salinity Crisis deserves to be handled
objectively.

Acknowledgements

An anonymous referee and Dr. David J. Bottjer, Editor of the journal,
are thanked for their interest in this comment.

References

Anthonissen, E.D., 2009. A new Pliocene biostratigraphy for the northeastern North Atlantic.
Newsl. Stratigr. 43, 91-126.

Bache, F., Popescu, S.-M., Rabineau, M., Gorini, C,, Suc, J.-P., Clauzon, G., Olivet, J.-L., Rubino,
J--L, Melinte-Dobrinescu, M.C,, Estrada, F., Londeix, L., Armijo, R., Meyer, B., Jolivet, L.,
Jouannic, G., Leroux, E., Aslanian, D., Dos Reis, A.T., Mocochain, L., DumurdZanov, N.,
Zagorchev, 1, Lesi¢, V., Tomi¢, D., Cagatay, M.N., Brun, ].-P., Sokoutis, D., Csato, L.,
Ucarkus, G., Cakir, Z., 2012. A two-step process for the reflooding of the Mediterra-
nean after the Messinian salinity crisis. Basin Res. 24, 125-153.

Brozzetti, F., Boncio, P., Lavecchia, G., . 339 Teramo sheet. Note illustrative della carta
geologica d'Italia alla scala 1:50,000. Servizio geologico d'Italia (in press). (154 p)
http://www.isprambiente.gov.it/Media/carg/note_illustrative/339_Teramo.pdf.

Bukry, D., 1973a. Low-latitude coccolith biostratigraphic zonation. In: Edgar, N.T.,
Saunders, ].B., et al. (Eds.), Initial Reports of the Deep Sea Drilling Project Vol. 15.
U.S. Government Printing Office, Washington, pp. 685-703.

Bukry, D., 1973b. Calcareous nannofossils. 33.1. Coccolith stratigraphy Leg 13, Deep Sea
Drilling Project. In: Ryan, W.B.F.,, Hsii, K., et al. (Eds.), Initial Reports of the Deep
Sea Drilling Project Vol. 13. US. Government Printing Office, Washington,
pp. 817-822.

Bukry, D., 1975. Coccolith and silicoflagellate stratigraphy, northwestern Pacific Ocean,
Deep Sea Drilling Project leg 32. In: Larson, R.L., Moberly, R., et al. (Eds.), Initial Re-
ports of the Deep Sea Drilling Project Vol. 32. U.S. Government Printing Office,
Washington, pp. 677-701.

Castradori, D., 1998. Calcareous nannofossils in the basal Zanclean of the Eastern Mediter-
ranean Sea: remarks on paleogeography and sapropel formation. In: Robertson,


http://refhub.elsevier.com/S0031-0182(16)30253-X/rf8005
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf8005
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0005
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0005
http://www.isprambiente.gov.it/Media/carg/note_illustrative/339_Teramo.pdf
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0020
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0025
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0030
Image of Fig. 2

S.-M. Popescu et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 485 (2017) 986-989 989

AH.F, Emeis, K-C, Richter, C., Camerlenghi, A. (Eds.), Proceedings of the Ocean Dril-
ling Program, Scientific Results Vol. 160. U.S. Government Printing Office,
Washington, pp. 113-123.

Cavazza, W., DeCelles, P.G., 1998. Upper Messinian siliciclastic rocks in southeastern
Calabria (southern Italy): palaeotectonic and eustatic implications for the evolution
of the central Mediterranean region. Tectonophysics 298, 223-241.

Cita, M.B., Gartner, S., 1973. The stratotype Zanclean foraminiferal and nannofossil bio-
stratigraphy. Riv. Ital. Paleontol. 79, 503-558.

Clauzon, G., Sug, J.-P., Do Couto, D., Jouannic, G., Melinte-Dobrinescu, M.C., Jolivet, L.,
Quillévéré, F., Lebret, N., Mocochain, L., Popescu, S.-M., Martinell, J., Doménech, R.,
Rubino, J.-L., Gumiaux, C., Warny, S., Bellas, S.M., Gorini, C., Bache, F.,, Rabineau, M.,
Estrada, F., 2015. New insights on the Sorbas Basin (SE Spain): the onshore reference
of the Messinian salinity crisis. Mar. Pet. Geol. 66, 71-100.

Clauzon, G., Suc, J.-P., Popescu, S.-M., Marunteanu, M., Rubino, J.-L., Marinescu, F., Melinte,
M.C., 2005. Influence of the Mediterranean sea-level changes over the Dacic Basin
(Eastern Paratethys) in the late Neogene. The Mediterranean Lago Mare facies
deciphered. Basin Res. 17, 437-462.

Cornée, J.-J., Ferrandini, M., Saint Martin, J.P., Miinch, P., Moullade, M., Ribaud-Laurenti, A.,
Roger, S., Saint Martin, S., Ferrandini, J., 2006. The late Messinian erosional surface
and the subsequent reflooding in the Mediterranean: new insights from the
Melilla-Nador basin (Morocco). Palaeogeogr. Palaeoclimatol. Palaeoecol. 230,
129-154.

Cornée, ].-J., Miinch, P., Achalhi, M., Merzeraud, G., Azdimousa, A., Quillévéré, F., Melinte-
Dobrinescu, M., Chaix, C., Ben Moussa, A., Lofi, ], Séranne, M., Moissette, P., 2016. The
Messinian erosional surface and early Pliocene reflooding in the Alboran Sea: new in-
sights from the Boudinar basin. Morocco. Sedim. Geol. 333, 115-129.

Cornée, J.-J., Miinch, P., Melinte-Dobrinescu, M., Ben Moussa, A., Quillévéré, F., Drinia, H.,
Azdimousa, A., Ouazani Touhami, A., Merzeraud, G., Fauquette, S., Corsini, M.,
Moissette, P., Feddi, N., 2014. The early Pliocene reflooding in the western Mediterra-
nean: new insights from the rias of the internal rif. Morocco. C. R. Geoscience 346,
90-98.

Crescenti, U, Raffi, I, 2016. VI. Cenni sugli biostratigrafici e cronostratigrafici adottati. 361
Chieti sheet. Note illustrative della carta geologica d'Italia alla scala 1:50,000. Servizio
geologico d'ltalia. pp. 34-38 (in press) http://www.isprambiente.gov.it/Media/carg/
note_illustrative/361_Chieti.pdf.

Crescenti, U., Biondi, R,, Raffi, L., Rusciadelli, G., 2002. The S. Nicolao section (Montagna
della Maiella): a reference section for the Miocene-Pliocene boundary in the Abruzzi
area. Boll. Soc. Geol. Ital. spec. (1), 509-516.

Di Stefano, A., 2010. Evaluating repetition in sedimentary successions using high resolu-
tion integrated stratigraphy: an example in the lower Pliocene sequence of ODP
hole 975B. Riv. Ital. Paleontol. Stratigr. 116, 51-61.

Di Stefano, A., Sturiale, G., 2010. Refinements of calcareous nannofossil biostratigraphy at
the Miocene/Pliocene boundary in the Mediterranean region. Geobios 43, 5-20.

Do Couto, D., 2014. Evolution géodynamique de la Mer d'Alboran par l'étude des bassins
sédimentaires. Univ. P. et M. Curie, Paris VI (PhD thesis, 554 p).

Do Couto, D., Popescu, S.-M., Suc, ].-P., Melinte-Dobrinescu, M.C., Barhoun, N., Gorini, C.,
Jolivet, L., Poort, J., Jouannic, G., Auxietre, J.-L., 2014. Lago Mare and the Messinian sa-
linity crisis: evidences from the Alboran Sea (S. Spain). Mar. Pet. Geol. 52, 57-76.

Drivaliari, A., Ticleanu, N., Marinescu, F., Maruntueanu, M., Suc, J.-P., 1999. A Pliocene cli-
matic record at Ticleni (Southwestern Romania). In: Wrenn, J.H., Suc, J.-P., Leroy,
S.AG. (Eds.), The Pliocene: Time of Change. American Association of Stratigraphic Pal-
ynologists Foundation, pp. 103-108.

Ellis, C.H., Lohman, W.H., 1979. Neogene calcareous nannoplankton biostratigraphy in
Eastern Mediterranean deep-sea sediments (DSDP leg 42A, sites 375 and 376).
Mar. Micropaleontol. 4, 61-84.

Gartner, S., Bukry, D., 1974. Ceratolithus acutus Gartner and Bukry n. sp. and Ceratolithus
amplificus Bukry and Percival — nomenclatural clarification. Tulane Studies in Geol-
ogy and Paleontology 11, 115-118.

Gartner, S., Bukry, D., 1975. Morphology and phylogeny of the coccolithophycean family
of Ceratolithaceae. Journ. Res. U.S. Geol. Surv. 3, 451-465.

Hagq, B.U., Worsley, T.R., Burckle, L.H., Douglas, R.G., Keigwin Jr., L.D., Opdyke, N.D., Savin,
S.M.,, Sommer II, M.A., Vincent, E., Woodruff, F., 1980. Late Miocene marine carbon-
isotopic shift and synchroneity of some phytoplanktonic biostratigraphic events. Ge-
ology 8, 427-431.

Karakas, C., 2013. Propagation et évolution structurale de la faille nord-anatolienne dans
la région de Marmara. Institut de Physique du Globe de Paris and Université Paris Di-
derot, Sorbonne Paris Cité PhD thesis, 188 p.

Karakitsios, V., Roveri, M., Lugli, S., Manzi, V., Gennari, R., Antonarakou, A., Triantaphyllou,
M., Agiadi, K., Kontakiotis, G., Kafousia, N., de Rafelis, M., 2016. A record of the
Messinian salinity crisis in the eastern Ionian tectonically active domain (Greece,
eastern Mediterranean). Basin Res. in press. 10.1111/bre.12173.

Keupp, H., Bellas, S.M., 2000. Neogene development of the sedimentary basins of NW
Crete island, Chania Prefecture, South Aegean arc system (Greece). Berliner Geowiss.
Abh. E 34, 3-117.

Lancis, C., Flores, ].-A., 2007. A new biostratigraphically significant calcareous nannofossil
species in the early Pliocene of the Mediterranean. Micropaleontology 52, 477-481.

Lancis, C., Tent-Mancls, J.E., Flores, J.A., Soria, .M., 2015. The Pliocene Mediterranean
infilling of the Messinian erosional surface: new biostratigraphic data based on cal-
careous nannofossils (Bajo Segura Basin, SE Spain). Geol. Acta 13, 211-228.

Melinte-Dobrinescu, M.C., Suc, J.-P., Clauzon, G., Popescu, S.-M., Armijo, R., Meyer, B.,
Biltekin, D., Cagatay, M.N., Ucarkus, G., Jouannic, G., Fauquette, S., Cakir, Z., 2009.
The Messinian salinity crisis in the Dardanelles region: chronostratigraphic con-
straints. Palaeogeogr. Palaeoclimatol. Palaeoecol. 278, 24-39.

Miiller, C., 1974. Calcareous nannoplankton, Leg 25 (Western Indian Ocean). Initial Re-
ports of the Deep Sea Drilling Project 25. U.S. Government Printing Office, Washing-
ton, pp.579-633.

Miiller, C., 1978. Neogene calcareous nannofossils from the Mediterranean-Leg 42A of the
Deep Sea Drilling Project. In: Kidd, R.B., Worstell, P.J. (Eds.), Initial Reports of the Deep
Sea Drilling Project 42,1. U.S. Government Printing Office, Washington, pp. 727-751.

Okada, H., Bukry, D., 1980. Supplementary modification and introduction of code num-
bers to the low-latitude coccolith biostratigraphic zonation (Bukry, 1973; 1975).
Mar. Micropaleontol. 5, 321-325.

Perch-Nielsen, K., 1985. Cenozoic calcareous nannofossils. In: Bolli, H.M., Saunders, ].B.,
Perch-Nielsen, K. (Eds.), Plankton Stratigraphy, 1. Planktic Foraminifera, Calcareous
Nannofossils and CalpionellidsCambridge Earth Science Series. Cambridge Univ.
Press, pp. 427-554.

Popescu, S.-M.,, Biltekin, D., Winter, H., Suc, J.-P., Melinte-Dobrinescu, M.C., Klotz, S.,
Combourieu-Nebout, N., Rabineau, M., Clauzon, G., Deaconu, F., 2010. Pliocene and
lower Pleistocene vegetation and climate changes at the European scale: long pollen
records and climatostratigraphy. Quat. Int. 219, 152-167.

Popescu, S.-M., Dalesme, F., Jouannic, G., Escarguel, G., Head, M.J., Melinte-Dobrinescu,
M.C,, Siit6-Szentai, M., Bakrac, K., Clauzon, G., Suc, ].-P., 2009. Galeacysta etrusca com-
plex, dinoflagellate cyst marker of Paratethyan influxes into the Mediterranean Sea
before and after the peak of the Messinian salinity crisis. Palynology 33, 105-134.

Popescu, S.-M., Dalibard, M., Sug, J.-P., Barhoun, N., Melinte-Dobrinescu, M.C., Bassetti,
M.A., Deaconu, F., Head, M.J., Gorini, C., Do Couto, D., Rubino, ].-L., Auxietre, J.-L.,
Floodpage, J., 2015. Lago Mare episodes around the Messinian-Zanclean boundary
in the deep southwestern Mediterranean. Mar. Pet. Geol. 66, 55-70.

Popescu, S.-M., Melinte-Dobrinescu, M.C,, Suc, J.-P., 2016. Comment. Objective utilization
of data from DSDP site 380 (Black Sea). Terra Nova 28 (3), 228-229.

Popescu, S.-M., Melinte, M.-C., Suc, J.-P., Clauzon, G., Quillévéré, F., Stit6-Szentai, M., 2008.
Marine re-flooding of the Mediterranean after the Messinian salinity crisis predates
the Zanclean GSSP. Reply to the “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 al. (2007) Geobios 40 (359-373)" authored by Roveri
et al. Geobios 41, 657-660.

Popescu, S.-M., Suc, J.-P., Melinte, M., Clauzon, G., Quillévéré, F., Siito-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.

Raffi, I, Backman, J., Fornaciari, E., Pdlike, H., Rio, D., Lourens, L., Hilgen, F., 2006. A review
of calcareous nannofossil astrobiochronology encompassing the past 25 million
years. Quat. Sci. Rev. 25, 3113-3137.

Raffi, I, Backman, J., Rio, D., 1998. Evolutionary trends of tropical calcareous nannofossils
in the late Neogene. Mar. Micropaleontol. 35, 17-41.

Rio, D., Mazzei, R., Palmieri, G., 1976. The stratigraphic position of the Mediterranean
upper Miocene evaporites, based on nannofossils. Mem. Soc. Geol. It. 16, 261-276.

Ryan, W.B.E,, Carbotte, S.M., Coplan, ].0., O'Hara, S., Melkonian, A., Arko, R., Weissel, RA.,
Ferrini, V., Goodwillie, A., Nitsche, F., Bonczkowski, J., Zemsky, R., 2009. Global
multi-resolution topography synthesis. Geochem. Geophys. Geosyst. 10, Q03014.
http://dx.doi.org/10.1029/2008GC002332.

Semenenko, V.N., Olejnik, E.S., 1995. Stratigraphic correlation of the eastern Paratethys
Kimmerian and Dacian stages by molluscs, dinocysts and nannoplankton data. Xth
R.CM.N.S. Congr., Bucharest, Abstracts 1, 113-114.

Snel, E., Marunteanu, M., Meulenkamp, J.E., 2006a. Calcareous nannofossil biostratigraphy
and magnetostratigraphy of the upper Miocene and lower Pliocene of the northern
Aegean (Orphanic gulf-Strimon Basin areas), Greece. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 238, 125-150.

Snel, E., Marunteanu, M., Macalet, R., Meulenkamp, J.E., van Vugt, N., 2006b. Late Miocene
to early Pliocene chronostratigraphic framework for the Dacic Basin, Romania.
Palaeogeogr. Palaeoclimatol. Palaeoecol. 238, 107-124.

Soria, J.M., Caracuel, ].E., Corbi, H., Dinarés-Turell, ]., Lancis, C., Tent-Manclds, ].E., Yébenes,
A., 2008. The Bajo Segura Basin (SE Spain): implications for the Messinian salinity cri-
sis in the Mediterranean margins. Stratigraphy 5, 257-263.

Stoica, M., Krijgsman, W., Fortuin, A., Gliozzi, E., 2016. Paratethyan ostracods in the Span-
ish Lago-Mare: more evidence for interbasinal exchange at high Mediterranean sea
level. Palaeogeogr. Palaeoclimatol. Palaeoecol. 441, 854-870.

Sug, J.-P., Do Couto, D., Melinte-Dobrinescu, M.C., Macalet, R., Quillévéré, F., Clauzon, G.,
Csato, I, Rubino, J.-L.,, Popescu, S.-M., 2011. The Messinian salinity crisis in the Dacic
Basin (SW Romania) and early Zanclean Mediterranean — Paratethys high sea-level
connection. Palaeoecol. 310, 256-272.

Suc, J.-P., Popescu, S.-M., Do Couto, D., Clauzon, G., Rubino, J.-L., Melinte-Dobrinescu, M.C.,
Quillévéré, F., Brun, J.-P., DumurdZanov, N., Zagorchev, I, Lesi¢, V., Tomi¢, D., Sokoutis,
D., Meyer, B., Macalet, R,, Rifelj, H., 2015. Marine gateway vs. fluvial stream within the
Balkans from 6 to 5 Ma. Mar. Pet. Geol. 66, 231-245.

van Baak, C.G.C., Radionova, E.P., Golovina, LA, Raffi, I, Kuiper, K.F.,, Vasiliev, I, Krijgsman,
W., 2015. Messinian events in the Black Sea. Terra Nova 27, 433-441.

Van Couvering, J.A., Castradori, D., Cita, M.B., Hilgen, FJ., Rio, D., 2000. The base of the
Zanclean stage and the Pliocene series. Episodes 23, 179-187.

Young, J.R., 1998. Chapter 8: neogene. In: Bown, P.R. (Ed.), Calcareous Nannofossils
BiostratigraphyBritish Micropaleontological Society Publications Series. Kluwer Aca-
demic Press, Dordrecht, pp. 225-265.

Zeeden, C, Hilgen, F., Westerhold, T., Lourens, L., R6hl, U., Bickert, T., 2013. Revised Mio-
cene splice, astronomical tuning and calcareous plankton biochronology of ODP site
926 between 5 and 14.4 Ma. Palaeogeogr. Palaeoclimatol. Palaeoecol. 369, 430-451.

Zilberman, E., Siman-Tov, R., Almogi-Labin, A., Melinte-Dobrinescu, M.C., Suc, J.-P.,
Korngreen, D., Buchbinder, B., 2010. Late Miocene (Messinian) to earliest Pliocene
submarine density flow sediments in the Nesher Quarry, and their implications on
the timing of the Carmel Mountain uplift. Rep. Geol. Surv. (Israel 31/2010, 42 p).


http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0030
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0035
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0040
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0045
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0045
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0050
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0050
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0050
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0055
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0060
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0065
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0065
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0065
http://www.isprambiente.gov.it/Media/carg/note_illustrative/361_Chieti.pdf
http://www.isprambiente.gov.it/Media/carg/note_illustrative/361_Chieti.pdf
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf2015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf2015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf2015
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0075
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0080
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0080
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0085
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0085
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0090
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0090
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0095
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0100
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0105
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0110
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0110
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0115
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0115
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0115
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0120
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0125
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0130
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0135
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0140
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0145
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0145
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0150
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0155
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0160
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0160
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0160
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0165
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0170
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0175
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0180
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0180
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0185
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0185
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0190
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0195
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0200
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0205
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0205
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0210
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0210
http://dx.doi.org/10.1029/2008GC002332
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0220
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0220
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0220
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0225
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0230
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0235
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0240
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0245
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0250
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0250
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf8045
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0255
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0255
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0260
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0260
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0260
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0265
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0265
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0265
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0270
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0270
http://refhub.elsevier.com/S0031-0182(16)30253-X/rf0270

	Ceratolithus acutus Gartner and Bukry 1974 (= C. armatus Müller 1974), calcareous nannofossil marker of the marine refloodi...
	1. Introduction
	2. Identification of Ceratolithus armatus Müller 1974 — C. acutus Gartner and Bukry 1974
	3. Records of Ceratolithus acutus in the Mediterranean
	4. Discussion and conclusion
	Acknowledgements
	References


