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Abstract. Crocodilian remains are rather rare in the Palaeogene formations from Romania. 
The fossil record from a series of late Eocene (Priabonian) and early Oligocene (Rupelian) 
localities spread in the Gilău and Meseș sedimentary areas (northwest Transylvanian basin) 
indicates the presence of the genus Diplocynodon and Crocodylia indet. as part of the Euro-
pean endemic crocodilian fauna, that apparently survived the great faunal turnover across 
the Eocene/Oligocene boundary. The most informative specimens are known from the for-
mer Cluj-Mănăștur quarry (Priabonian) and Suceag 1 (Rupelian). Some isolated teeth, too 
few and devoid of enough diagnostic value for clear systematic assignations, are known 
from Jibou, Treznea and Turnu Roșu (former Porcești, southern border of the Transylvanian 
basin). However, further investigations are necessary to establish the closer taxonomic sta-
tus of the available remains.
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Introduction

The late Eocene - early Oligocene time span means a period of huge importance 
for biota because it corresponds to a worldwide faunal turnover called the Grand 
Coupure (in English, Great Brake), that involved mammals and ectothermic verte-
brates (Rage & Roček 2003). During the late Eocene, Europe still was an archipel-
ago. Portions of this continent were immerged into extensive epicontinental seas, 
however the continental landmasses were interconnected at various times (Rage 
& Roček 2003). However, a trend of eustatic fall of about 50 m was estimated for 
the late Eocene - early Oligocene interval (Pekar et al. 2002). The Carpathian area 
has been reshaped in this period due to continuous northern moving of several 
continental blocks including the ALCAPA block (Austroalpine units in the Eastern 
Alps and Inner Western Carpathians), as well as the Tisia and the Dacia blocks 
(Schmid et al. 2008). Their collisions with the North European plate were oblique, 
causing an accretion wedge of Outer Carpathians (Golonka et al. 2003). The tec-
tonic related volcanism, the uplifting mountain chains could have implications of 
the CO2 level and on the atmospheric motion as well as on the water regime and 
implicitly, on the regional climate and biota. After the ‘post-Laramic’ overthrust 
nappe replacement in the Apuseni Mountains and South Carpathians three major 
sedimentary mega-sequences may be distinguished in the north-western area of 
the Transylvanian sedimentary basin: 1) uppermost Cretaceous – early Miocene 
(Egerian), 2) early Miocene (Eggenburgian) – middle Miocene (Ottnangian) and 3) 
middle - late Miocene. We will focus only on the fi rst sedimentary mega-sequence 
that recorded in Eocene and Oligocene an alternating series of marine and conti-
nental deposits in Gilău and Meseș sedimentary areas. 
 During the latest Eocene a large carbonate platform, rich in calcareous 
algae, ostracods and mollusc shells, has been developed in the Gilău sedimentary 
area known as Cluj Limestone Formation (Mészáros 2000). Sometimes this car-
bonate platform emerged and has been exposed to atmospheric erosion (Codrea 
et al., 1997). In the former Cluj-Mănăștur limestone quarry, nowadays abandoned, 
at least three layers of coarse-grained limestone may be distinguished (Fig. 2). 
Koch (1894) named these layers as ‘upper coarse limestone’, exploited in histori-
cal times as building stones for various public buildings. These limestones yielded 
sometimes isolated bones or larger skeletal parts of various vertebrate representa-
tives, mainly sea cows (Koch, 1894).           
 Around the Eocene/Oligocene transition, in NW of Transylvania an up-
lift related to the pre-Pyrenean and Pyreanian tectonic movements (sensu Émile 
Haug, in Dudich & Mészáros, 1963, Mészáros & Dudich 1989, Mészáros & Moi-
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sescu, 1991) lead to the deposition of continental strata consisting of fl uvial red 
beds (Valea Nadășului and Moigrad formations). In Rupelian, an environmental 
turnover from fl uvial to more fl ooded, fl uvial-lacustrine, estuarine and marshy en-
vironments lead to the deposition of the overlying Dâncu Formation (Rusu 1972). 
The Dâncu Formation thickens from east to west; in the Cluj-Napoca city area it 
has a thickness of few centimetres (in the borehole on the location named Liliacul; 
VAC personal observation) to a few metres, whereas at Aghireș it reaches thick-
nesses of up to 14–17 metres (Moisescu 1975). Its lithology consists of alternating 
clay, marl and sand with several lumachelle and coal interbeddings. It has been 
suggested that the climatic deterioration during the Eocene/Oligocene transition 
(around 33.9 Ma) may have affected most of the ectothermic vertebrates, including 
snakes and crocodilians with considerable decline in their diversity (see e.g. Morlo 
et al. 2004, Martin 2010, Delfi no et al. 2019). 
 The fossil record of crocodilians from the Palaeogene of Romania is rath-
er scarce and mainly consists of isolated teeth (Pávay 1871, Koch 1884, Fărcaș 
2011) and more rarely of skull remains, vertebrae and parts of the appendicular 
skeleton (Koch 1893, Fărcaș 2011). Nevertheless, in the latest years some prog-
ress has been made by documenting new fossil localities with crocodilian remains 
from a number of Palaeogene localities (see below). In the present paper we: 1) 
review the fossil localities yielding crocodilian remains from the Paleogene of Ro-
mania, 2) evaluate their taxonomic status based on diagnostic material and 3) the 
paleobiogeographic links of the identifi ed taxa. 

Abbreviations used: MAP, mean annual precipitation; MAT, mean annual tem-
perature.
   

The fossil record

Upper Eocene (Priabonian) localities
Treznea 1. The fossil locality belongs to the Upper Eocene Turbuța Formation 
(Meseș sedimentary area, early Priabonian) and is situated in Șanțului Valley 
near the locality of Treznea (Sălaj County). The taphonomic context indicates a 
freshwater palaeoenvironment of marshy-lacustrine type with occurrence of charo-
phytes and a series of palynomorphs representing gymnosperms (Cupressaceae 
and Taxodiaceae) and angiosperms (Fagaceae, Juglandaceae, Arecaceae and 
Nyssaceae) that corresponds to a paleoclimatic curve with the MAT of around 
20 °C and the MAP of about 1200 mm (Petrescu & Balintoni 2004). The faunal 
association after Fărcaș (2011) yielded among others lepisosteid fi sh, freshwater 
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turtles (Emydidae: ?Mauremys), alligatoroid crocodilians and marsupial mammals 
(Peratherium lavergnense).
 The fossil material of alligatorid crocodilians consists of isolated teeth of 
various sizes. The teeth are variable in shape with at least two morphotypes: 1) 
lanceolate shaped teeth with labiolingual compression, provided with mesial and 
distal carinae and bearing faint apicobasal striations developed on both the lingual 
and labial sides (Fărcaș 2011: plate 21: 9-12); 2) low crowned teeth representing 
probably the posterior series with their crowns compressed labiolingually and pro-

Figure 1. Geological map mentioning the Palaeogene localities with crocodilians from Cluj-
Napoca area, Romania. 1, Rădaia; 2, Cluj-Napoca (Someș dam); 3, Cluj-Mănăștur; 4, Cluj-

Napoca (Cetățuia); 5, Suceag.
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vided with mesial and distal carinae. The apicobasal striations are well-developed 
on both the lingual and labial sides (Fărcaș 2011: plate 21: 7, 8; plate 22: 10).         

Rădaia.The fossil locality belongs to the Upper Eocene Valea Nadășului Forma-
tion (early Priabonian) and is situated in the Nadășului Valley within the village of 
Rădaia (Gilău sedimentary area, Cluj County). Rădaia is the type locality of fa-
mous mammals: the rhinocerotoid Prohyracodon orientale Koch, 1897 and of the 
brontothere Brachydiastematherium transilvanicum Böck & Matyasowski, 1876. 
Beside mammals the fossil locality has yielded also few carapace fragments of Tri-
onyx sp. (Fărcaș 2011) and fragmentary remains of crocodilians (Koch 1894). After 
Koch (1894) two isolated teeth of crocodilians have been recovered from Rădaia. 
Their height is 6 mm and their width at the base is about 3-4 mm (Koch 1894). 

Cluj-Napoca (Someș dam). The fossil locality belongs to the Cluj Limestone For-
mation (Turea Group, Gilău sedimentary area, Priabonian). After Koch (1894), two 
isolated teeth of crocodilians have been recovered from ”Someș beds” by Pávay 
(1871) along with a series of fragmentary sea cows remains. In fact, all these re-
mains have been fi rstly assigned by Pávay (1871) to crocodilians (i.e. Toliapicus 
sp.). The tooth height is about 18 - 20 mm and their width at the base is about 7 
mm (Koch 1894).

Figure 2. Synthetic litostratigraphic  Koch’s (1894) log of the coarse limestone beds around 
Cluj, with details highlighted on the Cluj-Mănăștur former limestone quarry. 
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Cluj-Mănăștur. The fossil locality belongs to the Upper Eocene Jebuc and Cluj 
Limestone formations (Turea Group, Gilău sedimentary area, Priabonian). After 
Koch (1894) the main layers from the Cluj-Mănăștur limestone quarry are as fol-
lows: 1) coarse grained limestone bank (one metre depth, used as building stones 
or carved stones) with abundant ostracods, moulds of gastropods (mainly Anomia 
tenuistriata) and rare vertebrate remains (e.g. ”Delphinus sp.”); 2) fi ssured shale 
marlstone (0.2 meters depth) with ostracods and Anomia; 3) coarse grained lime-
stone (0.5 meters depth) with ostracods and extremely small gastropods used as 
building stones or carved stones; 4) fi ssured shale marlstone (one meter depth) 
with ostracods and Anomia tenuistriata; 5) coarse grained limestone (0.8 meters 
depth) with ostracods and extremely small gastropods and rare Anomia; it repre-
sents the uppermost limestone horizon from the Cluj-Mănăștur limestone quarry; 
6) fi ssured shale marlstone (one meter depth) with numerous chalk-like white lime-
stone concretions; it represent the uppermost sedimentary layer from the quarry.
 After Koch (1894), a partial skull of a small crocodilian consisting of “a 
maxilla and several inner bones of the skull” has been recovered by quarry work-
ers. It somewhat resembled Crocodylus communis (i.e. C. nyloticus) but it is not 
identical with that because the fossil specimen possessed higher number of teeth 
(21-22) vs. Crocodylus having a lower number of teeth (Koch 1894).    

Lower Oligocene (Rupelian) localities
Cluj-Napoca (Cetățuia) and Suceag 1. Both localities belong to the Dâncu Forma-
tion consisting of alternating clay, marl and sand with several lumachelle and coal 
interbeddings that indicate environmental changes from fl uvial to more fl ooded, 
fl uvio-lacustrine and marshy environments (Rusu 1972, Venczel & Codrea 2018). 
The Dâncu Formation thickens from east to west, having in Cetățuia Hill at Cluj-
Napoca, a thickness of several tens of centimetres to a few metres, whereas at 
Aghireș, it reaches thicknesses of up to 14–17 m (Moisescu 1975). The formation 
contains one of the most diverse Rupelian continental faunal assemblages in Tran-
sylvania, especially yielding molluscs and vertebrates (fi shes, frogs, squamates, 
turtles, crocodilians, birds, and mammals) consistent with an age of MP 23–24 
(Reichenbacher & Codrea 1999; Codrea & Fărcaș 2002; Fărcaș & Codrea 2008).
Fărcaș (2011) assigned the material to Diplocynodon sp. consisting of a fragmen-
tary hemimandible, cervical, thoracal and caudal vertebrae, fragmentary ribs, hu-
merus, pelvis, femur, tibia, metatarsal bones, phalanges and osteoderms. 
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Systematic part

EUSUCHIA Huxley, 1875
CROCODYLIA Gmelin, 1789

ALLIGATOROIDEA Gray, 1844
Diplocynodon Pomel, 1847

Diplocynodon sp.

Material: Cluj-Mănăștur: UBB V 1453, partial skull; Suceag: UBB V 450 uncata-
logued, fragmentary left hemimandible.

Description. The UBB V 1453 sample exposes a partial skull in ventral view (Fig. 
3). The following cranial bones have been identifi ed in the sample: the premaxillae 
(the lateral margin of the right premaxilla is damaged), the maxillae (the posterior 
part of the right maxilla is broken off, probably when the skull has been recognized 
and collected by quarry workers), anterior parts of the paired palatines, a partial left 
quadrate, part of the right pterygoid with impressions of choanae and the posterior 
part of the left ectopterygoid. The rostrum is elongated and relatively narrow. The 
suture between the premaxilla and the maxilla is perpendicular to the sagittal plane 
and, lateral to the premaxillary-maxillary suture, a well-defi ned notch is developed. 

The premaxilla is provided with fi ve tooth alveoli of which the second and 
the fourth alveoli are larger than the others three ones. A large occlusal pit for the 
reception of the fi rst dentary tooth is developed medial to the space between the 
fi rst and second premaxillary tooth alveoli. The incisive foramen, enclosed com-
pletely by the premaxillae is large and almost circular, extending anteroposteriorly 
between the levels of the second and fourth tooth alveoli. The posterolateral mar-
gin of the premaxilla is not perpendicular to the sagittal plane at the level of the 
premaxillary-maxillary notch suggesting that it is not developed from the occlusal 
pit of the third and fourth dentary teeth.

The maxillary tooth row probably is composed of 16-17 alveoli; however, 
some uncertainty persists in this estimation because in both sides the posterior 
parts of the maxillae are damaged. The largest maxillary alveoli are represented by 
those of the nearly confl uent fourth and fi fth maxillary teeth and as a consequence 
the lateral margin of the maxilla depicts a lateral convexity between the fi rst-sixth 
tooth alveoli, whereas those between the fi fth-eighth are shallowly concave later-
ally; posterior to the eighth tooth position, the alveoli depict a nearly straight line. 
The occlusal pits are present posterior to the fi fth maxillary tooth and positioned in 
line or slightly medial to the maxillary tooth row. A contact surface between the pos-
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terior two or three maxillary alveoli and the anterior extension of the ectopterygoid 
is visible in both sides. However, this contact does not reach the medial margins of 
the tooth alveoli. No intact tooth crowns are available, but parts of the tooth crowns 
are conserved in few alveoli. The main feature of the crown remnants is that they 
have been provided with mesiodistal carinae and are devoid of any serration. The 
posterior alveoli are distinctly smaller and tend to have mediolateral compression.

The palatines shallowly widen anteriorly, whereas posteriorly these remain 
apparently parallel. The palatine-maxillary suture starts at the anteromedian cor-
ner of the suborbital fenestra and it reaches anteriorly the level of the eighth maxil-
lary tooth position. The posterior part of the palatines is broken off exposing the 
complete choanal septum.

Figure 3. Partial skull of Diplocynodon sp. from the Cluj-Mănăștur former limestone quarry 
recovered in 1890. A. The original sample exposing the Diplocynodon sp. specimen in ven-
tral view. B. Skeletal parts highlighted. Abbreviations: 4, 5 – fourth and fi fth tooth maxillary 
tooth alveoli; ch – choana; ec – ectopterygoid; if – incisive foramen; mx – maxilla; op – oc-
clusal pits; pa – palatine; pmn – premaxillary-maxillary notch; pmx – premaxilla; pt – ptery-

goid; q – quadrate; sof – suborbital foramen.
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On the left cranial side, part of the pterygoid and ectopterygoid are ex-
posed; the choanae are preserved only as imprints within the embedding sedi-
ments (seemingly the relatively thin pterygoid wings were broken off during the 
collecting procedures). The posterolateral parts of these bones are damaged. 
However, the pterygoid-ectopterygoid fl exure is present.

The quadrate is exposed on the right ventral part of the sample. It pre-
serves a relatively small sized quadrate condyle.

The UBB V 450 right hemimandible is fragmentary (Fig. 4: B-E), both the 
anteriormost (anterior margin with the fi rst and second tooth positions) and poste-
riormost parts (posterior to the 14th tooth position) are broken off. The symphyseal 
region is relatively short reaching the level of the third tooth position. In lateral view, 
the dentary is shallowly concave between the fourth and 11th tooth positions. The 
largest alveoli are the third and fourth alveoli, which are confl uent. The 11th and 12th 
alveoli are placed at some distance from each other and are comparable in size to 
those of third and fourth. In dorsal view, the dentary is gently curved with a lateral 
convexity at the level of third-fi fth alveoli, whereas between the fi fth-11th alveoli 
there is shallow labial concavity. 

  
Comments. The main feature of the partial skull is the possession of a pair of 
large and almost equal sized maxillary tooth alveoli (the fourth and fi fth), which are 
nearly confl uent similarly to the other members of the genus Diplocynodon. This 
character differs from Asiatosuchus-like taxa, which are provided with a single 
enlarged fi fth maxillary tooth (Delfi no et al. 2019). Another important feature is the 
presence of a premaxillary-maxillary notch which seemingly is not formed ontoge-
netically by the eroded margins of a premaxillary-maxillary occlusal pit (in the latter 
case the lateral margins should have been more abruptly angled). The anterior 
process of the ectopterygoid is short and approaches to the posterior two or three 
tooth alveoli, however it does not reach directly these alveoli. The ectopterygoid-
pterygoid fl exure is present and therefore it is retained during the ontogeny (Martin 
et al. 2014).                 

Crocodylia indet.
Material: Rădaia: partial left jugal; Treznea 1, Cluj-Napoca (Someș dam): isolated 
teeth.

Description. The bone, originating from historical collecting in Antal Koch’s epoch 
is fragmentary, elongated and fl attened labiolingually (Fig. 4: A). It is wider anteri-
orly and the orbital margin in this region is gently convex and rounded dorsally. The 
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medial side of the anteriormost part displays an imprint that may come in contact 
with the maxilla; the posterior part is distinctly narrower, it probably contacted the 
quadratojugal. The postorbital process is not preserved.

Several isolated teeth are of various size (Koch, 1894; Codrea & Fărcaș 
2002, Fărcaș 2011) and may represent the premaxillary, maxillary and dentary 

Figure 4. Some various isolated cranial remains of Palaeogene crocodylians from Roma-
nia. A. Fragmentary left jugal from the late Eocene (Priabonian) of Rădaia. B – E. Fragmen-
tary left hemimandible from the early Oligocene (Rupelian) from Suceag 1. Abbreviations: 
3, 4, 11 – third, fourth, eleventh dentary tooth alveoli; om – orbital margin; sp – splenial; 

sy – symphysis.
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teeth. The shape of tooth crowns representing probably the anterior series are 
caniniform (Fig. 5A-C). These are provided with mesiodistal carinae, but without 
serrations. A few gentle ridges are discernible near the base of the crown in one of 
the specimens (Fig.5C). Part of the teeth are conical and may represent posterior 
tooth series on the maxillae or mandible (Fig. 5D-E). These are provided with me-
siodistal carinae and are devoid of serrations. A series of irregular carinae extend 
apicobasally on both the lingual and labial side of the tooth crown.

Comments. The morphology of the jugal specimen resembles that of the genus 
Diplocynodon, however, the medial side does not preserve the postorbital process 
and the detail with the ectopterygoid contact is also unknown. The morphology and 
the size of the available teeth display the generalized crocodilian pattern. These 
structures may represent also the genus Diplocynodon, however, this assumption 
cannot be fully demonstrated based on the above remains. 
  

Figure 5. Isolated crocodylian teeth from Treznea. A-C. Isolated caniniform crocodylian 
teeth. D-E. Isolated conical crocodylian teeth. 
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Concluding remarks

The oldest Cenozoic crocodilians in Romania originate from Jibou-Rona (Jibou 
Formation, Meseș sedimentary area), localities considered as late Paleocene 
(Thanetian) – ? early Eocene (?Sparnacian) (Gheerbrant et al., 1999; Codrea & 
Săsăran, 2002; Codrea et al., 2003; Petrescu et Codrea, 2003, 2004; Gaudant et 
al., 2004). Codrea & Fărcaș (2002) mentioned ”cf. Doratodon sp., and Crocodyli-
dae s.l. indet.”, but the majority of authors refers only to indeterminate crocodilians. 
Until their discovery the progress about related systematic is extremely scarce, 
due to the poor sample of teeth and post-cranial bones. However, we can notice 
their small size not exceeding 1-1,5 meter in length. In these localities we notice 
fl uvial-lacustrine environments were these fossil vertebrates had been preserved 
(Codrea & Săsăran, 2002, Petrescu & Codrea, 2003).

The available specimens document the presence of crocodilians in the 
late Eocene and early Oligocene localities from the Gilău and Meseș sedimentary 
areas. The fossil remains are relatively rare and up to present only the genus Dip-
locynodon has been identifi ed, as part of the European endemic alligatoroid croco-
dilian fauna. The fossil record indicates that the above genus may have survived 
the major faunal turnover at the Eocene/Oligocene boundary (“Grand Coupure” 
= Great Break). Further research is necessary to establish the closer taxonomic 
status of these remains.

Apart from these fossils from the north-western Transylvanian basin, we 
have to mention also some isolated teeth originating from the southernmost border 
of the same basin. They are known from old collections from 19th century, stored 
in the collections of the Brukenthal Museum in Sibiu, Natural Sciences branch. 
They neither preserve too many diagnostic characters, nor clear stratigraphy. One 
may presume, however, that they are originating from Valea Nișului Formation 
(Priabonian), from Turnu Roșu (former Porcești) Palaeogene locality (Mészáros, 
1996). But, since in this area older deposits are also exposed (i.e. Cuisian and 
Lutetian), there is an incertitude about their sharp stratigraphic level of origin. We 
may suspect that these crocodilian teeth were considered by ancient local pal-
aeontologists (see Anonymous, 1850) to belong to Triassic reptiles (Nothosau-
rus), although such deposits are completely missing in Sibiu region. Therefore, 
we mention them herein just to complete the view on the paleogeography of the 
Palaeogene from the Transylvanian basin, but also to underline the potential of the 
deposits exposed on the southern border of the basin for such fossils. 

Last but not least, we may expect crocodile Palaeogene remains also 
from the south-western corner or the Transylvanian basin, in the sedimentary area 
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called Metaliferi (Codrea and Dica, 2005). The most detailed study of these depos-
its (Băluță, 1973, 1987), does not make any mention about crocodiles, neither in 
the Eocene, nor in the Oligocene rocks of the Ighiu Formation (Codrea and Dica, 
2005). But, a closer look to these deposits could yield such fossils in future.      

Acknowledgements

The authors are indebted to Cristina Fărcaș (Cluj-Napoca) for producing the geo-
logical map. Liana Săsăran (BBU Cluj-Napoca) kindly allowed the access to the 
fossil specimens in this study. Nicolae Trif (Brukenthal Museum Sibiu) gave us 
some data about the crocodiles from Turnu Roșu stored at Sibiu. Last but not least, 
the PhD candidate Marian Bordeianu kindly made the photographs A and F of 
the Fig. 4. The SEM micrographs of the Treznea crocodile teeth were captured at 
Museum National d’Histoire Naturelle Paris, by C. Chancogone-Weber. VAC kindly 
acknowledges the Babeș-Bolyai University for the fi nancial support by the grants 
AGC 34783/31 and AGC 34782/31.10.2019.         

References

Anonymous, 1850. – Siebenbürgische Petrefacten in der Sammlung des Herrn Michael 
Ackner, Pfarrer in Hammersdorf. In: Verhandlungen und Mittheilungen des sieben-
bürgischen Vereins für Naturwissenschaften zu Hermannstadt 1:10-11, p. 150–162; 
171–175, Hermannstadt.

Băluță, C. 1973. – Geologia depozitelor neozoice de pe bordura de est și sud-est a Munților 
Trascau. Teză de doctorat, Universitatea București, Facultatea de Geologie-Geogra-
fi e, 250 p., București /unpublished/. 

Băluță, C. 1987. – Contributions biostratigraphiques concernant le Priabonien et le Rupelien 
basal situés au nord d’Alba Iulia. The Eocene from Transylvanian Basin, p. 183-187.

Codrea, V., Fărcaș, C. 2002. – Principalele asociații de tetrapode continentale paleogene 
din Transilvania: distribuție stratigrafi că și semnifi cații paleoambientale. Armonii Natu-
rale 4: 80–90.

Codrea, V., Dica, P. 2005. – Upper Cretaceous-lowermost Miocene lithostratigraphic units 
exposed in Alba Iulia-Sebeş-Vinţu de Jos area (SW Transylvanian basin). Studia Uni-
versitatis Babeş-Bolyai, Geologia 50 (1-2): 19–26, Cluj-Napoca.

Codrea, A., V., Petrescu, I., Gheerbrant, E., Baciu, C., Petrescu, M., R., Dica, P., Săsăran, 
E., Fărcaş, C., Săsăran, L., Barbu, O., Fati, V. 2003. – Paleocenul din Grădina Bota-
nică Jibou- o raritate în patrimoniul geologic al României. In: Environment & Progress, 
Petrescu, I. (ed.), 105-114, Cluj-Napoca.

Codrea, V. A., Săsăran, E. 2002. – A revision of the Rona Member. Studia Universitatis 
Babeş-Bolyai, Geologia 2: 27-36.

https://biblioteca-digitala.ro / https://mtariicrisurilor.ro



80 Vlad A. Codrea & Márton Venczel

Codrea, V., Vremir, M., Dica, P. 1997. – Calcarul de Cluj de la Someş-Dig (Cluj-Napoca): 
semnifi caţii paleoambientale şi impactul activităţilor antropice asupra afl orimentului. 
Complexul Muzeal judeţean Bistriţa-Năsăud, Studii şi cercetări 3: 31–39, Bistriţa.

Dudich, E., Mészáros N. 1963. – Über die Verbreitung und die Typen der Krustenbewegun-
gen und des Vulkanismus in Mittel- und Südost-Europa am Ende des Mitteleozäns. 
Neues Jahrbuch fur Geologie und Paläontologie Abhandlungen 118(1): 65-84.

Fărcaș, C. 2011. – Studiul formațiunilor continentale eocen terminale și oligocen timpurii 
din NV-ul Depresiunii Transilvaniei - biostratigrafi e și reconstituiri ambientale, pe baza 
asociațiilor de vertebrate continentale. Unpubl. PhD thesis, Babeș-Bolyai Univesity, 
Cluj-Napoca, 213 pp.

Fărcaș, C, Codrea, V. 2008. – Overview on the Eocene/Oligocene boundary formations bear-
ing mammals in northwestern Transylvania. Drobeta Seria Științele Naturii 18: 24–32.

Gaudant, J., Codrea, V., Dica, P., Gheerbrant, E. 2005. – Présence du genre Cyclurus (Pois-
son actinoptérigien, Amiidae) dans le Paléocène supérieur de Jibou (Transylvanie, Ro-
umanie). Neues Jahrbuch fur Geologie und Paläontologie Monatshefte 10: 631–640.

Gheerbrant, E., Codrea, V., Hosu, Al., Sen, S., Guernet, C., de Lapparent de Broin, F., 
Riveline, J. 1999. – Découverte de vertébrés dans les Calcaires de Rona (Thanétien 
ou Sparnacien), Transylvanie, Roumanie: les plus anciens mammiferes cénozoiques 
d’Europe Orientale. Eclogae geologicae Helvetiae 92: 517–535.

Golonka, J., Oszczypko, N., Krobicki, M., Slomka, T., Malata, T., Poprawa, P., Uchman, A. 
– Plate tectonic evolution stages of the Outer Carpathian basins. AAPG International 
Conference, Barcelona, Spain, September 21-24, 2003.

Koch, A. 1884. – Jelentés a Kolozsvári Szegélyhegységben az 1883. évben végzett földtani 
részletes fölvételről. A Magyar Királyi Földtani Intézet évi jelentése az 1883-ról: 55–75.

Koch, A. 1894. – Az Erdélyrészi medencze harmadkori képződményei, I Paleogén csoport. 
Földtani Intézet évkönyve 10: 161–356.

Macaluso, L., Martin, J.E., Del Favero, L., Delfi no, M. 2019. – Revision of the crocodil-
ians from the Oligocene of Monteviale, Italy, and the diversity of European eusuchians 
across the Eocene-Oligocene boundary, Journal of Vertebrate Paleontology e1601098, 
DOI: 10.1080/02724634.2019.1601098.

Martin, J. E. 2010. – A new species of Diplocynodon (Crocodylia, Alligatoroidea) from the 
Late Eocene of the Massif Central, France, and the evolution of the genus in the cli-
matic context of the Late Palaeogene. Geological Magazine 147: 596–610. 

Martin, J. E., Smith, T., Lapparent de Broin, F., Escuillié, F., Delfi no, M. 2014. – Late Palaeo-
cene eusuchian remains from Mont de Berru, France, and the origin of the alligatoroid 
Diplocynodon. Zoological Journal of the Linnean Society 172: 867–891.

Mészáros, N. 1996. – Stratigrafi a regiunii Turnu Roșu-Porcești. Convergențe transilvane 
4:42–45.

Mészáros, N. 2000. – Correlation of the Paleogene and Neogene deposits from Northern 
Transylvania. Studia Universitatis Babeş-Bolyai, Geologia, 45(2): 9–12.

Mészáros, N., Dudich, E. – 1989. Die Typen der pyrenaichen bewegungen an der Eozän/
Oligozän – Wende und ihre auswirkungen auf die Oligozäne, und in der Nachbargebi-
eten. Acta Geologica Hungarica I Z, p. 236–290. 

https://biblioteca-digitala.ro / https://mtariicrisurilor.ro



81Fossil record of Palaeogene crocodilians of Romania

Mészáros N., Moisescu V. 1991. – Bref aperçu des unités lithostratigraphiques du Paléo-
gene dans le Nord-Ouest de la Transylvanie (région de Cluj-Huedin), Roumanie. Bul-
letin Informatif des Géologues du Bassin Parisien 28(2): 31–39, Paris. 

Moisescu, V. 1975. – Stratigrafi a depozitelor paleogene și miocen inferioare din regiunea 
Cluj-Huedin-Românași (NV Bazinului Transilvaniei). Anuarul Institutului de Geologie și 
geofi zică 47: 5–211.

Morlo, M., Schaal, S., Mayr, G., Seiffert, C. 2004. – An annotated taxonomic list of the 
Middle Eocene (MP 11) Vertebrata of Messel. Courier Forschungs Institut Sencken-
berg 252: 95–108.

Pávay, E. 1871. – Kolozsvár környékének földtani viszonyai. A Magyar Királyi Földtani In-
tézet évkönyve 1: 327–460.

Pekar, S. F., Christie-Blick, N., Kominz, M. A., Miller, K. G. 2002. – Calibration between 
eustatic estimates from backstripping and oxygen isotopic records for the Oligocene. 
Geology 30: 903–906.

Petrescu, I., Balintoni, I. 2004. – Paleoclimate and paleorelief in Romania during the Tertiary 
period. Analele Științifi ce Universității ”Al. I. Cuza” Iași, 49-50:183-189.

Petrescu, I., Codrea, V. 2003. – Semnalarea unui paleomediu lacustru în Paleocenul din 
nord-vestul României. Argessis, Studii şi comunicări, Seria Ştiinţele naturii 11: 27–33..

Petrescu, I., Codrea, V. 2004. – The signifi cation of the Paleocene microfl ora from Jibou 
(Sălaj district) for the Paleogene palinological heritage of Romania. Acta Paleontologi-
ca Romaniae 4: 351–360.

Rage, J. C., Roček, Z. 2003. – Evolution of anuran assemblages in the Tertiary and Qua-
ternary of Europe, in the context of palaeoclimate and palaeogeography. Amphibia-
Reptilia 24: 133–167.

Reichenbacher, B., Codrea, V. 1999. – Fresh - to brackish water fi sh faunas from continen-
tal Early Oligocene deposits in the Transylvanian Basin (Romania). Bulletin de l’Institut 
Royal de Sciences Naturelles Belgique, Sciences de la Terre 69: 197–207.

Rusu, A. 1972. – Semnalarea unui nivel cu Nucula comta în bazinul Transilvaniei și 
implicațiile lui stratigrafi ce. Dări de Seamă, Institutul Geologic al României, Geologie 
58: 265–282.

Schmid, S.M., Bernoulli, D., Fügenschuh, B., Maţenco, L., Schefer, S., Schuster, R., Tischler, 
M., Ustaszewski, K. 2008. – The Alpine-Carpathian-Dinaridic orogenic system: correla-
tion and evolution of tectonic units. Swiss Journal of Geosience 101: 139–183.

Venczel, M., Codrea, A. V. 2019. – A new proteid salamander from the early Oligocene of 
Romania with notes on the paleobiogeography of Eurasian proteids, Journal of Verte-
brate Paleontology, e1508027. DOI: 10.1080/02724634.2018. 

https://biblioteca-digitala.ro / https://mtariicrisurilor.ro



https://biblioteca-digitala.ro / https://mtariicrisurilor.ro


