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The Società Paleontologica Italiana warmly welcomes all the readers of this volume.

Urbino, June 2014 

Rodolfo Coccioni
President of the Società Paleontologica Italiana
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1. Introduction to the Bolca Fossil-Lagerstätten
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This volume is aimed to be a synopsis of the present knowledge about the world-
famous Eocene Bolca Fossil-Lagerstätten (Veneto Region, northern Italy). Even if the 
studies regarding the Bolca area never stopped, the most recent overview of this locality 
is a short book (in Italian) by Sorbini-Frigo & Sorbini (1999). It came about twenty 
����	���������������
_��������������������������
�
�����������������������`����_�=��
years after the fundamental book (also in Italian language) by Sorbini (1972). Some new 
data and ideas were presented by Dalla Vecchia et al. (2005) in an exhibition catalogue, 
whereas the papers of Tang (2002) and Viohl (2008) testify the international importance 
and fame of the site.

The contemporary presence in 2014 of four international congresses in Italy, each 
	������
�����������
�����~����5�������
������������		
�����������������	��������������
current knowledge about this celebrated locality. Since the meetings will consider different 
aspects of the Bolca Fossil-Lagerstätten, namely the fossil vertebrates, the paleobotany, 
the taphonomy, and the biostratigraphic/paleoecological features, we thought it would 
be a good idea to deal with all those topics in a single volume. 
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changed and improved our vision of the Bolca Fossil-Lagerstätten. The modern research 
approaches to the issues solved some problems and raised new ones. The work is still 
in progress, and a lot of specialists (including many of us) are directly involved in new 
researches that hopefully will result in further knowledge. Therefore, the reader has to 
bear in mind that what is presented in this volume is the state-of-the-art, which could be 
overwhelmed in a near future by new data and new interpretations.

To introduce the contents of this book, we would like to start pointing out that in the 
Bolca area there is much more than a single Fossil-Lagerstätte. The most famous one, 
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slightly less famous, and in the past frequently confused with the Pesciara beds when 
the locality was reported as ‘Monte Bolca’. Unfortunately, such a toponym in the Bolca 
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C.A. Papazzoni, G. Carnevale, L. Giusberti, G. Roghi & R. Zorzin

FIG. 1 - Exquisitely preserved specimen of Eoplatax papilio ������5������5�����}�����������������	�������
the Ypresian of Bolca (Cerato collection).



3

1. Introduction to the Bolca Fossil-Lagerstätten 

�
����������`����
���
��	������������=�
���	
���
����������	�������	���
�������=��
������	�
(i.e., Pesciara or Monte Postale) to identify clearly the provenance of the fossils.

Anyway, these two sites represent the ‘core’ of the Bolca area and the main source 
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guide and will be treated in several chapters. Nevertheless, there are some other historical 
fossil sites in the surroundings of the Bolca village, such as the Purga di Bolca, with 
freshwater and brackish sediments around a volcanic neck; Vegroni, which returned 
mainly palm trees; and Spilecco, maybe the oldest witness of Paleogene shallow carbonate 
development in the Veneto area. A brief exposition about these localities will be given 
as the concluding chapters.
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collective effort, a fruitful collaboration among researchers of universities, museums 
and research institutions. We hope it will be a useful guide for the participants to the 
international meetings, as well as a compendium for anybody interested to the Bolca 
fossils.
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INTRODUCTION

Since the sixteenth century Bolca and its fossils have yielded materials for philosophical 
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GEOLOGICAL SETTING

Bolca is located in the eastern part of the Lessini Mountains, which are part of the 
Southern Alps, a structural element forming the northernmost part of the Adria (or 
Adriatic) Plate (e.g., Carminati et al., 2012).

During the early Paleogene, the Southern Alpine area was subdivided into two basins 
roughly separated by the present-day Brenta River. The Monte Baldo, the Monti Lessini, 
the Monti Berici, the Colli Euganei and the Vicenza Pre-Alps belonged to the western basin, 
whereas the eastern basin embraced the Belluno and Treviso areas (Bassi et al., 2008).

From Paleocene to Oligocene, the western basin was subjected to several pulses of 
volcanic activity (Barbieri et al., 1991; Barbieri & Zampieri, 1992; Zampieri, 1995) and 
��������������
������`�������	�����`
����������	��¡���5������
���
�������������`����������
carbonate platform called “Lessini Shelf” (Bosellini, 1989). This paleogeographic unit 
is characterized by widespread deposition of shallow-water carbonates starting from the 
Early Eocene (Luciani, 1989). The Lessini Shelf (Fig. 1), limited northwards by land and 
surrounded by deeper marine basins, partially covered the area that, in Jurassic times, was 
occupied by the shallow-water Trento Platform (Bosellini, 1989; Zampieri, 1995).

During the Paleogene, the central-eastern Lessini and western Berici formed a graben 
system known as “Alpone-Chiampo graben” (Barbieri et al., 1982), or “Alpone-Agno 
half-graben” (Barbieri et al., 1991), or “Alpone-Agno graben” (Zampieri, 1995). Since the 
late Paleocene this structure was bounded toward the west by the east-dipping Castelvero 
fault (Barbieri, 1972), which dammed the western accumulation of the basaltic volcanics 
and related subaqueous epiclastics (Fabiani, 1915; Piccoli, 1966a, b). The Bolca area is 
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very close to the Castelvero fault whilst its western part is bounded by the Monte Postale 
fault (Barbieri & Medizza 1969; Dal Degan & Barbieri 2005; Schwark et al. 2009).
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the Lessini Shelf, with two areas where different stratigraphic successions deposited 
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and resedimented calcarenites deposited, whilst on the western area (western Lessini) 
shallow-water marine carbonates dominated (De Zanche & Conterno, 1972; Mietto, 
1975; Beschin et al., 1998) with the deposition of the ‘Calcari Nummulitici’ formation. 
East to the Castelvero fault, the subsidence was more active, and volcanic rocks (basaltic 
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FIG. 1 - Paleogeographic reconstruction of the Lessini Shelf in the Southern Alps during the Paleogene 
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sediments in the Jurassic-Paleogene basins; 2) Paleogene shallow-water limestones with reefs (asterisks); 
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(Barbieri & Medizza, 1969; Barbieri, 1972; De Zanche & Conterno, 1972; Beccaro et al., 
2001). Six volcanic stages were recognized by Barbieri et al. (1991), one from the Late 
�������������������������=�����������$�����������������"
�����$�����
�������
����		����
volcanics locally exceeds 400 m for the latter volcanic stage (Piccoli, 1966a, b; Barbieri 
et al., 1991; Zampieri, 1995).

During the Middle Eocene, close to the Lutetian-Bartonian boundary, the volcanic 
buildups lead to the emersion of the former graben. Therefore, in the Bartonian a volcanic 
ridge was substantially emerged, except for local and temporary marine episodes leading 
to the deposition of the so-called “Orizzonte di Roncà” (Fabiani, 1915).

During the Late Eocene the volcanic activity stopped within the graben and the Marne 
di Priabona Formation deposited in open marine, deep platform setting. This unit onlaps 
on the margins of the emerged volcanic ridge, with its base marked by a transgressive 
conglomerate (Barbieri et al., 1980; Mietto, 1992; Trevisani, 1997). 

The still-emerging part of the Bartonian volcanic ridge and the whole eastern Lessini 
were then covered by the Lower Oligocene Calcareniti di Castelgomberto Formation, 
shallow-water carbonates probably deposited in the backreef of a rimmed platform, with 
the bioconstructed reef margin localized on the southeastern Berici Mts. (Frost, 1981; 
Bosellini & Trevisani, 1992; Mietto, 1992). Such peculiar depositional system lasted 
probably along the whole Rupelian (Geister & Ungaro, 1977).

In the western part of the Lessini Mountains the Oligocene is lacking, probably due 
to emersion (Luciani, 1989). In the eastern Lessini the carbonate shelf represented by the 
Calcareniti di Castelgomberto emerged only at the end of the Rupelian (Frost, 1981). The 
emersion surface of this platform, marked by evident paleokarst features, is interpreted as 
�� rd order sequence boundary (Mietto, 1988; Gianolla et al., 1992; Dal Molin et al., 2001).

In the Lessini area, the Upper Oligocene-lowermost Miocene Arenarie e Calcari di S. 
Urbano Formation (Bosellini et al., 1967; Bassi et al., 2007, 2008; Bassi & Nebelsick, 
2010) is overlain by the Lower Miocene Marne Argillose di Monte Costi Formation, only 
a few meters thick (Bosellini & Dal Cin, 1966; Bassi et al., 2007, 2008), which represents 
the last marine deposit of Cenozoic age in this area.

STRATIGRAPHY

The Cenozoic stratigraphy of the Bolca area is not easy to reconstruct, because of 
the widespread occurrence of faults displacing the Eocene sedimentary succession into 
different blocks (the Castelvero Fault is close to this area), and also the presence of volcanic 
and volcaniclastic rocks intercalated or cutting the sedimentary succession (Fig. 2).
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(e.g., Suess, 1868; Bayan, 1870; Munier-Chalmas, 1891). Oppenheim (1894) studied the 
larger foraminiferal fauna, erecting among others the species Nummulites bolcensis and 
N. spileccensis, characteristic of this area.
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hill, close to the Bolca village. He described in detail the geology of this area (Fabiani, 
1914, 1915), drawing a stratigraphic sketch of the Monte Postale succession. The Fabiani’s 
studies represent a cornerstone for the geological and stratigraphic interpretation of 
Bolca, being subsequently used and widely cited by all the researchers dealing with this 
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foraminifera from Spilecco and Monte Postale; to Malaroda (1954), who revised the 
mollusk fauna from the Monte Postale; to Hottinger (1960), who studied the alveolinids 
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from the Purga di Bolca, Brusaferri, Monte Postale, and Valecco; to Cita & Bolli (1961), 
who determined the biozonal assignment of the type-Spileccian by means of planktonic 
foraminifera; to Brönnimann et al. (1965), who studied planktonic foraminifera and 
calcareous nannoplankton from Spilecco and Purga di Bolca; to Barbieri & Medizza 
(1969), who re-studied the geology and stratigraphy of the Bolca area, even if they did 
not include the Monte Postale and Pesciara sites.

FIG. 2 _��
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Triassic dolostones; B) Jurassic limestones; C) Cretaceous limestones; D) Paleocene-Eocene volcanic rocks; 
E) Eocene limestones; F) Quaternary deposits.
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The geological map by Bosellini et al. (1967) distinguished the Calcari di Spilecco 
formation, dated to the Paleocene-Early Eocene, from the Calcari Nummulitici formation 
(Middle Eocene). The former were restricted to the beds from Spilecco, whereas the 
Purga di Bolca and Monte Postale were included in the Calcari Nummulitici. Antonelli 
et al. (1990) retained the name ‘Calcari Nummulitici’ for both the biocalcarenites and 
organogenic limestones of the Monte Postale and the laminated calcilutites of Bolca 
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of the surroundings of Bolca (Fig. 2). Dal Degan & Barbieri (2005) gave the most updated 
synopsis of the geology of the Bolca area, with a new detailed geological map (1:10,000) 
of Bolca and its surroundings. They distinguished the ‘Calcare di Monte Spilecco’ unit, 
dated at 56-58 Ma, the volcanic rocks (subdivided into several different units: lavas, basalt 
veins and breccias, hyaloclastics, epiclastics, caothic breccias, and volcaniclastics) and 
the Calcari Nummulitici. However, they used this term with restricted sense, apparently 
applying it only to the limestones which indeed contain nummulites. For the remaining 
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introduced the name “Formazione del Monte Postale-Pesciara”.

All these lithostratigraphic units should be treated as informal ones, and the “Calcari 
Nummulitici” urgently need a revision, because it includes much different lithologies, 
paleoenvironments, and ages.

The biostratigraphy of the different localities (see Papazzoni et al., 2014, this volume) 
is currently under study.

FIG. 3 - Panorama view of the Pesciara site.
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The products of the volcanic activity are probably to be referred to the third phase 
recognized by Barbieri et al. (1991), but no radiometric ages are at present available for 
this material.

THE FOSSILIFEROUS SITES OF THE BOLCA AREA

Even if the most famous fossiliferous sites near the Bolca village are the Pesciara 
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different stratigraphic settings are known (Fig. 4). 

Among them, it is widely cited the Spilecco hill, or simply Spilecco. As mentioned 
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as equivalent to the whole Paleocene-Lower Eocene. The Spilecciano was retained in 
the literature until the end of 1960’s (Bosellini et al., 1967; Barbieri & Medizza, 1969), 
but restricted to a short timespan within the latest part of the Paleocene (Schweighauser, 
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green limestones to reddish marly limestones of the Spilecco outcrops (poorly exposed 
at present) bear a rich fossil content made up mainly by planktonic foraminifera (in 
the gray-green limestones), larger foraminifera (nummulitids and orthophragminids) 
and macrofossils (in the reddish marly limestones); the glauconite is widespread in 
both lithologies. The larger foraminiferal fauna, containing among others Nummulites 

FIG. 4 - Location map of the main fossiliferous sites cropping out in the surroundings of Bolca (Verona).
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bolcensis and N. spileccensis, allow to refer the Spilecco beds to the SBZ 7 (Trevisani 
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with the nannoplankton zone NP 10 and the planktonic foraminifera zone P 5 (Barbieri 
& Medizza, 1969). The Spilecco beds represent the oldest Cenozoic evidence of shallow-
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indeed resedimented periplatform deposits. According to the chronology of volcanic 
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of volcanic activity, so it is possible the volcano structures acted as areas of starting for 
small shallow-water platforms then coalesced into a larger one.

The Purga di Bolca is another important locality where a volcanic neck is preserved 
as a characteristic conical hill (Monte Purga). Barbieri & Medizza (1969) dated this 
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No modern radiometric dating has been performed on this material, so this age needs 
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siltites, lignites) containing ostracods, continental and brackish mollusks, crocodiles, 
and chelonians (Medizza, 1980). The sediments are in turn overlaid by volcaniclastic 
rocks with palm trees (Latanites). The sedimentary levels in the lowermost part of the 
succession bear calcareous nannofossils allowing their assignment to the NP 12 Zone 
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any marker, so their age is quite debated (see Giusberti et al., 2014, this volume), even 
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bearing beds cropping out at Praticini mentioned by Blot (1969) probably correspond 
to the freshwater-brackish sediments of the Purga di Bolca. Other localities often cited 
as source of crocodiles and turtles include Loschi, Le Possette, and Valecco-Zovo (Blot, 
1969), but no data about their geological setting and stratigraphy are at present available; 
maybe they represent the same levels present in the Monte Purga. Also the Vegroni locality, 
known for its beautiful palm trees, could probably be correlated with the Purga, but all 
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The Monte Postale succession, thoroughly described by Fabiani (1914, 1915), is the 
most complete in the Bolca area, spanning from the Cretaceous Scaglia Rossa Fm. up to 
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���Alveolina, in their uppermost part containing 
also marine and continental-brackish mollusks, Lutetian according to Malaroda (1954), or 
more probably Cuisian according to the larger foraminiferal fauna (Hottinger, 1960). The 
lower-middle part of this section was recently re-studied by Papazzoni & Trevisani (2009), 
who attributed the Alveolina limestones to the SBZ 11 (middle Cuisian, or upper part of 
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part of the Monte Postale section. In the lower-middle portion of this section there are 
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Brusaferri is very close to the Monte Postale section. It gives its name to the so-called 
“horizon de Brusaferri” (Blot, 1969), or “calcari a Numm. irregularis” (Fabiani, 1915), 
rich in nummulites, assilinas, echinoids, and mollusks. According to Schaub (1981), this 
is the type locality of Nummulites pratti and it also indicates the middle Cuisian (SBZ 
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The Pesciara di Bolca is the most famous locality, and together with the laminated 
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collections these two localities are often not separated and sometimes they are referred to 
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foraminifera from the Pesciara limestones, already mentioned by Hottinger (1960) and 
Schaub (1981), were recently re-studied (Trevisani et al., 2005; Papazzoni & Trevisani, 
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2006) and the section was entirely assigned to the SBZ 11 (Serra-Kiel et al., 1998). The 
nannofossils recognized in a single sample indicated the NP 14, also compatible with 
the uppermost part of the Ypresian (Medizza, 1975). The direct correlation between the 
Pesciara and Monte Postale sites is hampered because the Pesciara is an isolated block 
surrounded by volcanic and volcaniclastic deposits. Therefore, there is no continuity 
between the limestone of the Pesciara succession and the similar rocks of the Monte 
Postale, on the opposite side of the valley. A detailed stratigraphic and sedimentological 
study is needed to clarify the Pesciara-Postale relationships.
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The age assignment of the Monte Postale and Pesciara Fossil-Lagerstätten has been 
longly debated. Fabiani (1914, 1915) assigned all the strata to the Lutetian (Middle 
Eocene) (Fig. 1). Also Malaroda (1954) considered the mollusks from the Monte Postale 
as Lutetian.

Medizza (1975) studied the calcareous nannofossils on a single sample from the 
Pesciara, attributing it to the Discoaster sublodoensis Zone (NP 14 or CP 12), whose 
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range covers the uppermost Ypresian and lowermost Lutetian. This age contrasted with 
the larger foraminiferal Alveolina dainellii�\����������
�����������
�����������5�̀ �
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is well below the Lower/Middle Eocene boundary. Medizza (1975) stated that the larger 
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Massari & Sorbini (1975).
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well preserved or present a degree of abrasion consistent with a penecontemporaneous 
transport from a nearby area. Moreover, the taxonomic study of the whole fauna indicated 
a larger foraminiferal assemblage belonging to a single biozone, the SBZ 11 (middle 
Cuisian; Serra-Kiel et al., 1998), corresponding exactly to the A. dainellii Zone determined 
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surely reworked alveolinids from the Alveolina oblonga Zone (SBZ 10, early Cuisian; 
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to better precise the age of the Pesciara limestones, restricting it to a narrow interval 
between the base of the NP 14 and the top of the SBZ11 (Fig. 2).

At present there are no published updated biostratigraphic data regarding the Monte 
Postale succession. A preliminary report assigning the lower-middle part of the Monte 
Postale to the SBZ 11 has been published by Papazzoni & Trevisani (2009).

FIG. 2 - Correlation between the planktonic (P), calcareous nannofossils (NP) and the shallow benthic (SBZ) 
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SEDIMENTOLOGY AND DEPOSITIONAL MODEL
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from the two localities of the Pesciara di Bolca and Monte Postale. The two localities are 
very close each other and, even if their stratigraphic relationships are still not completely 
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in other Fossil-Lagerstätten of different ages, such as for instance the Jurassic Solnhofen 
lithographic limestone, where intra-platform depressions or basins were protected from 
the wash and wave action of the open ocean by one or several thresholds (Barthel et al., 
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developed in shallow water environments (less than 200 m depth), characteristic for 
most Fossil-Lagerstätten, though upper bathyal depths were proposed by Giusberti et 
al. (2014) for the recently described Early Eocene Fossil-Lagerstätte of Solane (Verona 
province), very close to Bolca both in time and space.

In these restricted basins the reconstructed paleoenvironment is commonly anoxic and 
eventually euxinic due to the lack of bottom dwellers, except for washed in organisms 
or rare currents marks. The conditions of scarce to absent oxygenation enhance the 
preservation of organic matter primarily produced within the water column by autotrophic 
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organic matter content of the Pesciara di Bolca limestone is rather low with Total Organic 
Carbon (TOC) < 0.5% (Schwark et al., 2009). In accordance with these data, exceptional 
fossilization in anoxic conditions does not appear to guarantee high organic matter 
contents. The investigation of the organic matter from the Pesciara Fossil-Lagerstätte 
provided important information about the paleoenvironmental parameters allowing the 
exceptional preservation of fossils in the laminated limestone (Schwark et al., 2009).
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and birds (Sorbini, 1972). In addition, the occurrence of amber has also been reported 
(Trevisani et al., 2005). The rarity of autochthonous benthic invertebrates may suggest 
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eocottids, callipterygids, and lophiiforms) and many others which certainly were closely 
associated with the substrate (see Carnevale et al., 2014, this volume, for a more detailed 
discussion).
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At the same time, based on auto- and synecological considerations, Landini & Sorbini 
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depression located parallel to the coast at many dozens of meters of depth. In this model, 
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upper water layers by monsoonal rain and terrestrial run-off, as shown by terrigenous 
biomarkers and fossils (Fig. 4). No organic markers of hypersaline bottom waters 
were found, though this condition is plausible as a consequence of high evaporation 
conditions in an equatorial carbonate platform. The very high (about 37°C) mean annual 
paleotemperature estimates for the nearby and nearly contemporaneous Solane Lagerstätte 
(Giusberti et al., 2014) suggest this hypothesis is not to be discarded.

The relative sea-level lowstands maximized the effectiveness of the threshold, inducing 
stagnation and very restricted circulation in the deeper parts of the basin (Fig. 4A). On 
the contrary, during relative sea-level highstand intervals the threshold was less effective, 
allowing to some extent admixing and slight oxygenation of the bottom waters with lower 
Eh values compared with the former (Fig. 4B).
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5. The Pesciara-Monte Postale Fossil-Lagerstätte: 2. Fishes and other vertebrates

Order Family Taxon

Carcharhiniformes Carcharhinidae Eogaleus bolcensis Cappetta, 1975
Physogaleus cuvieri (Agassiz, 1835)
Alopiopsis plejodon Lioy, 1865

Orectolobiiformes Hemiscylliidae Mesiteia emiliae Kramberger, 1885
Rajiformes Rhinobatidae Rhinobatus dezignoi Heckel, 1853

Rhinobatus primaevus de Zigno, 1874
Torpediniformes Narcinidae Titanonarke molini (Jaekel, 1894)

n. gen. et n. sp. 
Myliobatiformes Dasyatidae “Dasyatis” muricata (Volta, 1796)

“Dasyatis” dezignoi Molin, 1861
Myliobatidae Promyliobatis gazolae de Zigno, 1885
Urolophidae “Urolophus” crassicaudatus (Blainville, 1818)

“Urolophus” sp.
Plathyrhinidae Platyrhina bolcensis Heckel, 1851

Platyrhina gigantea (Blainville, 1818)
Platyrhina egertoni de Zigno, 1878

Pycnodontiformes Pycnodontidae Pycnodus apodus (Volta, 1796)
Nursallia veronae Blot, 1987
Abdobalistum thyrsus Poyato-Ariza & Wenz, 2002
Palaeobalistum orbiculatum Blainville, 1818

Crossognathiformes Pachyrhizodontidae Platinx macropterus (Blainville, 1818)
Osteoglossiformes Foreyichthyidae Foreyichthys bolcensis Taverne, 1979

Arapaimidae Thrissopterus catullii Heckel, 1856
Osteoglossiformes incertae sedis Monopteros gigas Volta, 1796

Anguilliformes Anguilloididae Anguilloides branchiostegalis (Eastman, 1905)
Veronanguilla ruffoi Blot, 1978

Milananguillidae Milananguilla lehmani Blot, 1978
Anguillidae Eoanguilla leptoptera (Agassiz, 1835)
Paranguillidae Paranguilla tigrina (Agassiz, 1839)

Dalpiaziella brevicauda Cadrobbi, 1962
Congridae Voltaconger latispinus (Agassiz, 1839)

Bolcyrus formosissimus (Eastman, 1905)
Bolcyrus bajai Blot, 1978
Paracongroides heckeli Blot, 1978

Chlopsidae Whitapodus breviculus (Agassiz, 1835)
Proteomyridae Proteomyrus ventralis (Agassiz, 1839)
Ophichthyidae Goslinophis acuticaudus (Agassiz, 1835)
Patavichthyidae Patavichthys bolcensis (Bassani, 1897)
Anguilliformes incertae sedis Bolcanguilla brachycephala Blot, 1980

Gazolapodus homopterus Blot, 1980
Clupeiformes Clupeidae Bolcaichthys catopygopterus (Woodward, 1901)

Trollichthys bolcensis Marramà & Carnevale, 2014
Engraulidae n. gen. et  n. sp.

Anotophysi Anotophysi incertae sedis Coelogaster leptostea (Eastman, 1905)
“Chanos” forcipatus (Heckel, 1854)

Otophysi Chanoididae Chanoides macropoma (Agassiz, 1844)
Aulopiformes Paralepididae Holosteus esocinus Agassiz, 1839
Lampridiformes Veliferidae Velifer n. sp.

Veronavelifer sorbinii Bannikov, 1990
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G. Carnevale, A.F. Bannikov, G. Marramà, J.C. Tyler & R. Zorzin

Bajaichthyidae Bajaichthys elegans Sorbini, 1983
Lampridiformes incertae sedis “Pegasus” volans Volta, 1796

Ophidiiformes Ophidiidae “Ophidium” voltianum Massalongo, 1859
Lophiiformes Lophiidae Caruso brachysomus (Agassiz, 1839)

��������	��
	�	��Pietsch & Carnevale, 2011
Brachionichthyidae Histionotophorus bassanii (de Zigno, 1887)

Orrichthys longimanus Carnevale & Pietsch, 2010
Antennariidae Eophryne barbutii Carnevale & Pietsch, 2009
Ogcocephalidae Tarkus squirei Carnevale & Pietsch, 2011

Atheriniformes Atherinidae Atherina (?) macrocephala Woodward, 1901
Rhamphognathidae Rhamphognathus paralepoides Agassiz, 1844
Mesogasteridae Latellagnathus teruzzii Bannikov, 2008

Mesogaster sphyraenoides Agassiz, 1844
Beloniformes Exocoetidae Rhamphexocoetus volans Bannikov, Parin & Pinna, 1985

“Engraulis” evolans (Blainville, 1818)
Hemiramphidae Hemiramphus edwardsi Bassani, 1876

Beryciformes Holocentridae Berybolcensis leptacanthus (Agassiz, 1838)
Eoholocentrum macrocephalum (Blainville, 1818)
Tenuicentrum lanceolatum (Bassani, 1876)

Syngnathiformes Rhamphosidae Ramphosus rastrum (Volta, 1796)
Ramphosus biserratus Bassani, 1876

Urosphenidae Urosphen dubius (Blainville, 1818)
Aulostomidae Eoaulostomus bolcensis (Blainville, 1818)

Eoaulostomus gracilis Blot, 1980
Synhypuralis jurgenseni Blot, 1980
Synhypuralis banisteri Blot, 1980
Jurgensenichthys elongatus Blot, 1980
Macroaulostomus veronensis Blot, 1980
Tyleria necopinnata  N.N. Parin, 1993

Parasynarcualidae Parasynarcualis longirostris (Blainville, 1818)
Fistularioididae Fistularioides veronensis Blot, 1980

Fistularioides phyllolepis Blot, 1980
Pseudosyngnathus opisthopterus (Agassiz, 1833)

Aulostomoidea incertae sedis Aulostomoides tyleri Blot, 1980
Aulorhamphidae Aulorhamphus bolcensis (Steindachner, 1863)

Aulorhamphus capellinii de Zigno, 1887
Aulorhamphus chiarasorbiniae Bannikov & Tyler, 2011
Veronarhamphus canossae (Heckel, 1856)
Pesciarhamphus carnevalei Bannikov & Tyler, 2011

Paraeoliscidae Paraeoliscus robinetae Blot, 1980
Centriscidae Aeoliscoides longirostris (Blainville, 1818)

Paramphisile weileri Blot, 1980
Syngnathidae “Syngnathus” heckeli de Zigno, 1874

“Syngnathus” bolcensis de Zigno, 1887
Prosolenostomus lessinii Blot, 1980

Solenostomidae (?) Solenorhynchus elegans Heckel, 1854
Syngnathoidei incertae sedis Calamostoma breviculum (Blainville, 1818)

Dactylopteriformes Pterygocephalidae Pterygocephalus paradoxus Agassiz, 1839
Perciformes Latidae Eolates gracilis (Agassiz, 1833)

Percichthyidae Cyclopoma gigas Agassiz, 1833
Acropomatidae Acropoma lepidotum (Agassiz, 1836)
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5. The Pesciara-Monte Postale Fossil-Lagerstätte: 2. Fishes and other vertebrates

Priacanthidae Pristigenys substriatus (Blainville, 1818)
Apogonidae Eosphaeramia pygopterus (Agassiz, 1836)

Eoapogon fraseri Bannikov, 2005
Bolcapogon johnsoni Bannikov, 2005
Apogoniscus pauciradiatus Bannikov, 2005
Apogonidae gen. et sp. indet.

Pomatomidae Carangopsis brevis (Blainville, 1818)
Carangopsis dorsalis Agassiz, 1844

Ductoridae Ductor vestenae (Volta, 1796)
Carangidae Seriola prisca (Agassiz, 1834)

Vomeropsis triurus (Volta, 1796)
Ceratoichthys pinnatiformis (Blainville, 1818)
Eastmanalepes primaevus (Eastman, 1904)
Lichia veronensis Bannikov & Sorbini in Bannikov, 1990
Paratrachinotus tenuiceps (Agassiz, 1834)
Trachicaranx pleuronectiformis (Blot, 1969)

Menidae Mene rhombea (Volta, 1796)
Mene oblonga (Agassiz, 1833)

Leiognathidae Eoleiognathus dorsalis (Agassiz, 1838)
Exelliidae Exellia velifer (Volta, 1796)
Lutjanidae Ottaviania mariae Sorbini, 1983

Ottaviania leptacanthus (Agassiz, 1839)
Veranichthys ventralis (Agassiz, 1839)
Goujetia crassispina (Agassiz, 1839)
Lessinia horrenda Bannikov & Zorzin, 2014
Lessinia sp.

Gerreidae (?) Aspesiperca ruffoi Bannikov, 2008
Sparidae Sparnodus elongatus Agassiz, 1839

Sparnodus vulgaris (Blainville, 1818)
Pseudosparnodus microstomus (Agassiz, 1839)
Ellaserrata monksi Day, 2003
Abromasta microdon (Agassiz, 1839)
“Dentex” microdon Agassiz, 1839
“Dentex” ventralis Agassiz, 1839

Quasimullidae Quasimullus sorbinii Bannikov, 1999
Monodactylidae Psettopsis subarcuatus (Blainville, 1818)

Psettopsis latellai Bannikov, 2005
Ephippidae Archaephippus asper (Volta, 1796)

Eoplatax papilio (Volta, 1796)
Scatophagidae Eoscatophagus frontalis (Agassiz, 1839)
Pomacentridae Palaeopomacentrus orphae Bellwood & Sorbini, 1996

Lorenzichthys olihan Bellwood, 1999
Sorbinichromis francescoi Bannikov & Bellwood, 2014

Carangodidae Carangodes bicornis (Volta, 1796)
Eocottidae Eocottus veronensis (Volta, 1796)

Bassanichthys pesciaraensis (Bannikov, 2004)
Robertanniidae Robertannia sorbiniorum Bannikov, 2011

Hendrixella grandei Bannikov & Carnevale, 2009
Percoidei incertae sedis Veronabrax schizurus (Agassiz, 1836)

Voltamulloides ceratorum Bannikov, 2008
Parapelates quindecimalis (Agassiz, 1836)
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Jimtylerius temnopterus (Agassiz, 1836)
Pavarottia lonardonii Bannikov & Zorzin, 2011
Montepostalia annamariae Bannikov & Zorzin, 2004
Blotichthys coleanus (Agassiz, 1838)
Pygaeus bolcanus (Volta, 1796)
Pygaeus nobilis Agassiz, 1838
Pygaeus nuchalis Agassiz, 1838
Malacopygaeus oblongus (Agassiz, 1838)
Gillidia antiqua (Agassiz, 1835)
Bradyurus szainochae (de Zigno, 1887)
Frigoichthys margaritae Bannikov, 2004
Frippia labroiformis Bannikov & Carnevale, 2012
Squamibolcoides minciottii Bannikov & Zorzin, 2013

Sphyraenidae Sphyraena bolcensis Agassiz, 1844
Tortonesidae Tortonesia esilis Sorbini, 1983
Labridae Eocoris bloti Bannikov & Sorbini, 1990

Phyllopharyngodon longipinnis Bellwood, 1990
Bellwoodilabrus landinii Bannikov & Carnevale, 2010

Labroidei incertae sedis “Labrus” valenciennesi Agassiz, 1839
Sorbinia caudopunctata Bellwood, 1995

Callipterygidae Callipteryx recticaudus Agassiz, 1838
Callipteryx speciosus Agassiz, 1838

Gobioidei incertae sedis “Gobius” microcephalus Agassiz, 1839
Caproidae Eoantigonia veronensis (Sorbini, 1983)
Sorbinipercidae Sorbiniperca scheuchzeri Tyler, 1999

Sorbinicapros sorbiniorum Bannikov & Tyler, 1999
Zorzinichthyidae Zorzinichthys annae Tyler & Bannikov, 2002
Acanthonemidae Acanthonemus subaureus (Blainville, 1818)
Siganidae Ruffoichthys spinosus Sorbini, 1983

Ruffoichthys bannikovi Tyler & Sorbini, 1990
Aspesiganus margaritae Bannikov & Tyler, 2002
Acanthopygaeus agassizi (Eastman, 1904)

Acanthuridae Proacanthurus tenuis (Agassiz, 1838)
Proacanthurus bonatoi Blot & Tyler, 1990
Proacanthurus ovalis (Agassiz, 1838)
Proacanthurus elongatus Blot & Tyler, 1990
Metacanthurus veronensis Blot & Tyler, 1990
Eorandallius rectifrons (Agassiz, 1838)
Eorandallius elegans Blot & Tyler, 1990
Acanthuroides massalongoi Blot & Tyler, 1990
Lehmanichthys lessiniensis Blot & Tyler, 1990
Metaspisurus emmanueli Blot & Tyler, 1990
Pesciarichthys punctatus Blot & Tyler, 1990
Frigosorbinia baldwinae (Sorbini & Tyler, 1998)
Tylerichthys nuchalis (Agassiz, 1838)
Tylerichthys milani Blot & Tyler, 1990
Protozebrasoma bloti Sorbini & Tyler, 1998
Sorbinithurus sorbinii Tyler, 1999
Tauichthys padremenini Tyler, 1999
Tauichthys aspesae Tyler & Bannikov, 2000
Gazolaichthys vestenanovae Blot & Tyler, 1990
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5. The Pesciara-Monte Postale Fossil-Lagerstätte: 2. Fishes and other vertebrates
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Padovathurus gaudryi (de Zigno, 1887)
Zanclidae Eozanclus brevirostris (Agassiz, 1835)
Massalongiidae Massalongius gazolai (Massalongo, 1859)
Euzaphlegidae Veronaphleges brunae Bannikov, 2008
Scombridae Auxides propterygius (Agassiz, 1835)

Pseudaxides speciosus (Agassiz, 1835)
Thunnoscomberoides bolcensis (Agassiz, 1835)
Godsilia lanceolata (Agassiz, 1835)

Blochiidae Blochius longirostris Volta, 1796
Blochius macropterus de Zigno, 1887

Palaeorhynchidae Palaeorhynchus zorzini Fierstine, Bannikov & Monsch, 
2008

Centrolophidae Zorzinia postalensis Bannikov, 2000
Perciformes incertae sedis Quasicichla mucistonaver Bannikov, 2004

Parapygaeus polyacanthus Pellégrin, 1907
Pleuronectiformes Amphistiidae Amphistium paradoxum Agassiz, 1844

Heteronectes chaneti Friedman, 2008
Pleuronectiformes incertae sedis Eobothus minimus (Agassiz, 1839)

Tetraodontiformes Triacanthidae Protacanthodes ombonii (de Zigno, 1887)
Protacanthodes nimesensis Tyler & Santini, 2001

Protobalistidae Spinacanthus cuneiformis (Blainville, 1818)
Protobalistum imperiale (Massalongo, 1857)

Bolcabalistidae Bolcabalistes varii Tyler & Sorbini, 1998
Aracanidae Proaracana dubia (Blainville, 1818)
Ostraciidae Eolactoria sorbinii Tyler, 1975
Eoplectidae Eoplectus bloti Tyler, 1975
Zignoichthyidae Zignoichthys oblongus (de Zigno, 1874)
Tetraodontidae Eotetraodon pygmaeus (de Zigno, 1887)

Eotetraodon tavernei Tyler & Bannikov, 2013
Diodontidae Prodiodon tenuispinus (Agassiz, 1844)

Prodiodon erinaceus (Agassiz, 1844)
Heptadiodon echinus (Heckel, 1854)
Zignodon fornasieroae Tyler & Santini, 2002

Acanthomorpha 
incertae sedis Pietschellus aenigmaticus Bannikov & Carnevale, 2011

Xiphopterus falcatus (Volta, 1796)
Oncolepis isseli Bassani, 1897
Protoaulopsis bolcensis Woodward, 1901
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catopygopterus (Fig. 2e) and the round herring Trollichthys bolcensis (Marramà & 
Carnevale, in press). A single specimen of a new anchovy genus and species has recently 
been found in the collection of the Museo Civico di Storia Naturale, Verona, representing 
the earliest evidence of the family Engraulidae in the fossil record.

The relatively large shallow water barracudina Holosteus esocinus is the only aulopiform 
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represented by almost 200 known taxa. In terms of taxonomic diversity, acanthomorphs 
are more than seven times more abundant than non-acanthomorphs. However, such an 
asymmetric ratio is balanced in terms of individuals/biomass by the extremely abundant 
sardine Bolcaichthys catopygopterus (Fig. 2e). Recent excavations carried out between 1999 
and 2011 by the Museo Civico di Storia Naturale, Verona demonstrated that about half of the 
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Apogonidae, Latidae, Menidae, and Sparidae. The perciforms (sensu Johnson & Patterson, 
1993) are conspicuously diverse, with about 120 taxa, followed by syngnathiforms and 
tetraodontiforms. Other acanthomorph groups (atheriniforms, beloniforms, beryciforms, 
dactylopteriforms, lampridiforms, lophiiforms, ophidiiforms, and pleuronectiforms) are 
represented by six or less taxa each; a few acanthomorph taxa of problematic phylogenetic 
interpretation are also present (e.g., Bannikov & Carnevale, 2011). Overall, this remarkable 
number of taxa exhibits a vast morphological diversity, providing a robust documentation 
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anatomical body plans and the exploitation of new ecological strategies (Friedman, 2010).

The basal acanthomorph order Lampridiformes is presently represented by six 
specimens representing four taxa. There are two taxa of the family Veliferidae (Fig. 2f; 
Bannikov, 1990), one of which is currently under study by two of us (G.C. and A.F.B.). 
The bizarre Bajaichthys elegans is currently regarded as a lampridiform of uncertain 
����
�
�	��]
�
���������
�
���~������5������������������
5���� �
�]
�����5�������
����
��
“Pegasus” volans is tentatively interpreted herein as a taeniosomous lampridiform; this 
taxon is greatly in need of revision. 

�!�	�_���	�����
�

�����	�������}�������������
������~������	���		����������������
unquestionably in need of revision.

Lophiiformes are represented by taxa of the families Antennariidae, Ogcocephalidae 
(Fig. 3c), Brachionichthyidae (Fig. 3b), and Lophiidae (Fig. 3a); the lophiiform material 
from Bolca constitutes the earliest known skeletal record for all four of these families. The 
Lophiidae includes two taxa (Pietsch & Carnevale, 2011; Carnevale & Pietsch, 2012), one 
of which, �����������'����, is characterized by a peculiar set of characters and is currently 
regarded as a stem-lophiid, being the sister taxon of all the other genera of the family. A 
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2009) but additional undescribed specimens have been recognized in the collections 
of the Museo Civico di Storia Naturale, Verona and of the Museo dei Fossili di Bolca. 
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Pietsch, 2010); this family is today restricted in distribution to the shallow temperate and 
subtropical waters of Tasmania and southern and eastern Australia. Finally, the Bolca 
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����	������������	��Tarkus squirei (family Ogcocephalidae) 
(Carnevale & Pietsch, 2011).
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taxa, the small atherinid Atherina (?) ������	����� and the streamlined predatory species 
of the extinct families Mesogasteridae and Rhamphognathidae.
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One of the most important Ypresian plant localities in northern Italy is the worldwide 
famous Pesciara-Monte Postale Lagerstätte, located NE of the Bolca village (Verona and 
Vicenza Province). But, as seen in this guide (Carnevale et al., 2014, this volume), the 
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palm fruits such as Castellinia Massalongo, Geonomites De Visiani, and Palaeospathe 
<����5���=����	������������
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���	����������	���������Podocarpus and Taxodium 
(Massalongo, 1859; Fiore, 1936e). 
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Cercidiphyllum (Jähnichen et al., 1980). 
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Frequency and diversity of marine elements such as macroalgae and seagrasses 
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leaves but also by amber (Trevisani et al., 2005). They may have been blown directly into 
the lagoon from trees growing nearby on a well-drained (drier) substrate by occasional 
storms (Papazzoni & Trevisani, 2006), and large palm fruits may just have fallen down 
into the water. Storms may also be responsible for occasionally removing whole-plant 
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than in macroscopic remains (Kedves & Zsivin, 1970; Trevisani et al., 2005). Since 
pollen is more easily transported for some distance, they may have been derived from a 
diverse tropical forest in some distance to the lagoon. Summing up, we have to envisage a 
tropical lagoon for the Ypresian of Pesciara-Monte Postale which was probably surrounded 
especially by legumes and palms including the mangrove palm Nypa. A regular tropical 
forest followed with distance.
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Fossil marine mollusks from Monte Postale, about one mile NE of Bolca (Verona and 
Vicenza Provinces) and 300 m N of the “Pesciara” (see the map in Papazzoni & Trevisani, 
2006), were collected and catalogued at least since the 18th��������
������	�`������	��
seen, in the second decade of the 19th century, as means to date the rocks, and the already 
�����	��"�����~������������̀ �	��������������	�����������������`��������
�������������
geologists. In 1823, on the footsteps of Alberto Fortis (1778), Alexandre Brongniart drew 
stratigraphic sections and collected fossils in the Vicenza province, assigning the Bolca 
and Roncà invertebrates to one and the same geological interval. In the newly introduced 
�
����
�
��������������
���5�����~�������		
�	�	��`������	������
�
�	�`
��������	�	��������
Paris Basin. This meant to Brongniart that they belonged to the older Tertiary, and were 
distinct from the fossil shells described by Giambattista Brocchi in 1814, typifying the 
younger Tertiary (Rudwick, 2005). “I can relate the calcareous-trappic terrains of Northern 
Italy to the lower formation, the most ancient of the upper sediment [i.e., the Tertiary]. 
I’m struck by the analogy between these two terrains, their utter similarity under almost 
any aspect. Nothing of the lower terrains of the Parisian limestone is missing in Bolca, 
Roncà, etc. Many shells are absolutely of the same species: Strombus, Melania, Turritella, 
Caryophillia are present in both” (Brongniart, 1823).

Tommaso Antonio Catullo, successor of Stefano Andrea Renier at the Natural History 
chair of the University of Padova, reported that the Monte Postale fossil shells belonged 
to the uppermost part of the local succession, above the famous ichthyolithic strata. “The 
grey shelly limestone covers the basalt, forming the top of the mountain. (…) The shells 
collected so far belong to the upper sedimentary formation” (Catullo, 1826).

������	�����������������������	����		
��	����	�`�	�����
	�������]���
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��
1870, after a tour guided by Giovanni Meneguzzo in 1869. The shelly limestone, close to 
the top of Monte Postale, was dubbed “Limestone with Cerithium gomphoceras, Alveolina 
longa, etc.”. Bayan listed 16 characteristic species of gastropods, and one lucinid bivalve, 
assigning the unit to his Eocene “interval B”, immediately preceding the strata with 
the Roncà and San Giovanni Ilarione faunas (Bayan, 1870a). Bayan dedicated a short 
monograph to many new species he had encountered, including Cerithium gomphoceras 
and other characteristic gastropods, such as Cerithium vicetinum and Cerithium chaperi 
�~����5�������������������������������=�5�����	�
������
�
�
	�%���������	5�������
(Figs 1-2).

In the same year, Karl Mayer introduced Lucina escheri and other new taxa from 
the “strata with Cerithium giganteum of Monte Postale” (Mayer, 1870), together with 
new names for species already described by Bayan. “Cerithium giganteum” of Mayer 
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FIG. 1- Plate I of Bayan (1870b) showing, among the others, the adult shells of Bellatara palaeochroma (1), 
Pseudobellardia gomphoceras (2, 3), Cerithium chaperi (4, 5), and juveniles of Velates schmidelianus (6).
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(1870), in fact distinct from the Paris Basin congeneric form, was Cerithium vicetinum 
Bayan (1870b), so that their descriptions coincide. A short species list, very similar 
to Bayan’s, was given in 1877 by Edmond Hébert & Ernest Munier-Chalmas, with 
additional information of the stratigraphy of the “Monte Postale limestone with Cerithium 
gomphoceras”: “Immediately above [the ichthyolithic limestone], and deeply connected 
`
���
�5�`�����������
��	������}���
�����������"�������	����
���������������
	�������`
���
alveolinae, but a new fauna appears, together with some rare Nummulites and Nerita 
schimdeliana”. These strata were referred to the “middle Eocene” by analogy with the 
Paris Basin fauna (Hébert & Munier-Chalmas, 1877).
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Gregorio. This was introduced by a summary of previous studies, comprising a mention 
of the Bayan-Mayer priority issue, and with some information on the provenance of the 
��		
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����������*��[�����
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���	��5�
the bulk of his collection was purchased from Meneguzzo, who regularly provided other 
collectors and museums of the time. “Many species I have myself extracted from the 
blocks I was sent -I’m sure of the provenance of all my fossils, because I recommended to 
rigorously avoid all promiscuities, but also because the color of the fossils and the nature 
�����������
}��������������
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Gregorio lists some 21 species-level bivalves, 62 gastropods, and one cephalopod. He 
also reported that, compared to the Monte Postale species, “the S. Giovanni Ilarione and 
Roncà are much more numerous”. The following year Paul Oppenheim, with a brief 
stratigraphic introduction based on Hébert & Munier (1877), raised the species count to 
32 bivalves, 82 gastropods, and two cephalopods (Oppenheim, 1896). Meanwhile, two 
rather large collections were acquired by the Universities of Pisa and Firenze, thanks 
respectively to Giuseppe Meneghini and Igino Cocchi, and studied at the end of the 
century by Paolo Vinassa de Regny. In 1896 Vinassa listed 15 bivalve and 50 gastropod 
species, recognizing the paleoenvironmental meaning of the association, interpreting all 
cerithiiform gastropods as indicative of restricted coastal conditions. “Probably Monte 
Postale formed a bay of the Eocene sea, then becoming separated from it, towards subaerial 
conditions; the overall shallow marine aspect of the fauna, the abundance of new forms, 
���
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��������
�������
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terrestrial overlying faunas” (Vinassa de Regny, 1896).

The Monte Postale stratigraphy was revised and published by Ramiro Fabiani in his 
	������������������������������]��
��
5������5�������
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single and very limited stratigraphic interval, his “unit 7b”, or “Alveolina limestones with 
marine mollusks”. Building on the Fabiani stratigraphy, and after revising all the existing 
literature and available species lists, Roberto Malaroda studied and published in 1954 a 
thorough study of all the specimens then hosted in the Padova, Verona, Pisa and Firenze 
museums. The Padova collection includes a small lot of specimens originally belonging 
�������*��[�����
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���������5�����	�=����������	�����
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World War II. According to this ultimate revision, the Monte Postale species-level list 
of Mollusca amount to 47 Bivalvia, 120 Gastropoda, and four Cephalopoda. However, 
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the collections he examined. Given the updated comparison with species lists from other 
European faunas, the study assigned the Monte Postale mollusks to the Lutetian (lower part 
of the middle Eocene) (Malaroda, 1954). In 2005 Cesare Papazzoni and Enrico Trevisani 
dated to the late Ypresian (Early Eocene) the portion of the Monte Postale succession 
below the mollusk levels. Since there are no updated biostratigraphic studies regarding 
the mollusk levels, they could be either of Ypresian age, as the underlying limestones, or 
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FIG. 2 - Plate II of Bayan (1870b), with Pseudobellardia gomphoceras (3, 4), and Campanile vicetinum (5, 
5a, 6, 7).
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younger (Lutetian) as pointed out by Malaroda (1954). A summary of the Monte Postale 
collection hosted at the Museo di Storia Naturale of the Università di Firenze is here 
reported with updated taxonomy (Tab. 1).
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TAB. 1- Species list of the Monte Postale molluscan fauna, with updated taxonomy and number of specimens. 
The latter refers to the collections of Firenze (checked by the author and according to Malaroda, 1954), 
Padova, Pisa, and Verona (all according to Malaroda, 1954).
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In the localities of Purga di Bolca, Praticini, and Vegroni (Fig. 1), historically famous 
for reptiles and fossil palms, crop out freshwater and brackish sediments traditionally 
considered more recent than Pesciara and Monte Postale beds (e.g., Massalongo, 1861; 
Nicolis, 1884; Fabiani, 1912, 1915; Barbieri & Medizza, 1969; Sorbini, 1972; Medizza, 
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FIG. 1 - Location map of the main fossiliferous sites cropping out in the surroundings of Bolca (Verona).
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1969). Legend: 1) Reefal limestones with algae; 2) Nummulitic limestones; 3) Marls and marly limestones 
with nummulites; 4) Clayey marls and volcanic clays; 5) Clays, silts and lignites; 6) Chaotic volcanoclastic 
rocks; 7) Chaotic, extra diatremic explosive breccias; 8) Chaotic hyaloclastites; 9) Basaltic pillow lavas; 
�������������	���	���
����=�	�¡�`	���������_���
�����	���
����=�	�¡�`	���������������������
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remains. A) Chronostratigraphy; B) Calcareous Nannofossil Zonation of Martini (1971) based on data of 
Barbieri & Medizza (1969).
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Later, Fabiani (1915), Malaroda (1954) and Barbieri & Medizza (1969) detailed the series 
exposed along the northern side of Purga di Bolca (Fig. 2). According to the most recent 
	����5�����	
������`���$�������������
�
���
��	����	5�������������`
������������	�
nannofossils (Fig. 2), are overlaid by clays, silts and lignitic beds with vertebrates and 
mollusks, followed by tuffaceous layers with palms. The entire succession is interrupted 
and capped by volcanic rocks (Barbieri & Medizza, 1969; Fig. 2). We must underline, 
however, that according to Giuseppe Cerato (1860-1928) four distinct fossiliferous 
horizons existed: two with reptiles and two with plants (Fabiani, 1912; p. 212). The 
freshwater or brackish sediments of the sites near Bolca testify the ephemeral emersion 
of islands, probably linked with the intense volcanism which repeatedly occurred in the 
area during the Early and Middle Eocene (Barbieri & Medizza 1969; Antonelli et al., 
1990). The age of the fossiliferous beds is quite debated: Fabiani (1915) referred them 
to the “Auversian” (=Bartonian), whereas Malaroda (1954) proposed a middle-late 
Lutetian age. Finally, Barbieri & Medizza (1969) ascribed these problematic beds to 
the “Cuisian”. In the 19th century, various authors correlated the palm-bearing beds of 
Vegroni and Praticini with the Oligocene beds cropping out in various localities of the 
Vicenza Province (e.g., Massalongo, 1858a, b; Molon, 1867; Nicolis, 1884). The entire 
continental succession of Bolca is clearly in need of a modern stratigraphic revision.

THE REPTILE FAUNA

Mostly from the lignitic beds of Purga di Bolca, several fossil reptiles have been found, 
namely crocodiles, freshwater turtles, and a snake (Lioy, 1865, 1896; De Zigno, 1889, 
1890; Negri, 1892; Sacco 1895; Fabiani 1912, 1914, 1915; Bergonioux, 1954; Kotsakis, 
1977, 1978, 1984). The bulk of the discoveries and most descriptions of those fossils 
dates back to the second half of the 19th century, when in the Bolca area the lignites were 
actively excavated by members of the Cerato family.

The only snake so far discovered here is an ophidian which De Zigno described for the 
��	���
���
������5�
�������
���������`�	���
�	�Coluber ombonii. This unique specimen, 
incomplete and scarcely preserved, was discovered in the “marls” associated to the lignite 
beds of the Purga and, at present, is housed in the Museo di Geologia e Paleontologia 
dell’Università di Padova.

����������
�
�����		
�������������~������]
�	� �_��5���	��
��������������	���
������
Lioy (1865) and Sacco (1895), consists of about ten specimens; some of them are almost 
����������������������	��=��
��
������������������������`�	���
�	��Crocodilus” vicetinus 
(sometimes misspelled as “vicentinus”) for a more than two meters long individual. Years 
�����5��������������`�	������������������	���
��������������������������������	��
����
in detail by Fabiani (1912). This latter provided also data on the stratigraphic position 
of that fossil, reporting that it was found on the north-western side of Monte Purga, at 
about 850 m a.s.l., near Col della Battaglia. Unfortunately, the holotype of C. vicetinus 
was completely destroyed during the Second World War, but replicas are housed in the 
Museo di Geologia e Paleontologia dell’Università di Padova, in the Museo dei Fossili 
di Bolca and in the Museo Naturalistico Archeologico di Vicenza (Fig. 3c).

������
���������	��
�����=������������������		����������	���
���	�������
������
lignites of Bolca. He ascribed three of them to C. vicetinus and one, lacking the head 
and the tail, to Crocodylus cf. vicetinus
�]���������������������	��
��
=
����5��������`��
meters long, he established the new species “Crocodilus” bolcensis. The holotype of 
the species is currently housed in the Museo di Storia Naturale di Torino, while another 
specimen attributed to the same taxon is exposed in Padova.
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FIG. 3 - a) Asiatosuchus ?depressifrons. Lenght 135 cm. Complete skeleton in ventral view. MCSNV 
V.7097. b) Detail of the skull of the specimen. c) Crocodylus vicetinus Lioy, 1865. Replica of the 
holotype destroyed during the Second World War. MGP-PD 27568. Museo di Geologia e Paleontologia 
dell’Università di Padova
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The last specimen recovered from the Monte Purga is a complete skeleton unearthed in 
1946 and currently on exhibition at the Museo Civico di Storia Naturale di Verona (Figs 3a, 
b). In 1966 Berg (p. 65) gave a brief description of this individual, referring it to the genus 
Asiatosuchus on the basis of the long mandibular symphysis, but sometimes it is cited in 
literature as Crocodylus vicetinus (e.g., De Zanche & Mietto, 1977; Medizza, 1980; Viohl, 
2008). Kotsakis et al. (2005) later ascribed this specimen to A. ?depressifrons (Figs 3a, b).

FIG. 4 - a) Holotype of Trionyx gemmellaroi Negri 1892 (from Negri, 1892; Plate I). b) The holotype of 
Trionyx gemmellaroi Negri 1892. MGP-PD 5157; c) Neochelys capellinii (De Zigno, 1889) (from De Zigno, 
1889; Plate I); d) Trionyx intermedius Bergounioux 1954. Holotype. MGP-PD 12814. According to Kotsakis 
(1977), Trionyx gemmellaroi and T. intermedius are synonymous of T. capellini Negri 1892.
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The fossil crocodiles from Bolca have been the subject of several revisions which 
���� ��� ���� 
����
����
��� ��� ��� ��		� ����� ����� �
�������� ������5� ������� Asiatosuchus, 
Hassiacosucus (= Allognathosuchus), Pristichampsus and Diplocynodon (Berg, 1966; 
Vasse, 1992; Rauhe & Rossmann, 1995; Rossmann; 1998, Kotsakis et al., 2004). 
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Lagerstätten, such as Messel and Geiseltal.

The taxonomic status of Bolca material is still unclear and much debated (see for 
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needed in order to elucidate the taxonomy and the paleoecology of this exceptional 
crocodilian record.
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erected Emys capellinii for an almost complete carapace of a freshwater pleurodiran turtle 
(Fig. 4c), currently assigned to the genus Neochelys Bergounioux, 1954 (Kotsakis, 1978). 
#������5�Q���
���	��
��������������	���
��������
��������������
�����
���������~����5�
introducing three new species: Trionyx gemmellaroi, T. capellinii, and �$��!�
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on material housed in the Museo di Geologia e Paleontologia dell’Università di Padova 
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from the same locality, attributing them to a new variety of T. capellinii.

The rich chelonian fauna of Bolca (Fig. 4) was later revised by Bergounioux (1954) 
and, more recently, by Broin (1977) and Kotsakis (1978, 1986). The latter author made 
a systematic revision of the entire material, concluding that in Bolca there are only two 
species of turtles: Neochelys capellinii (De Zigno, 1889) and Trionyx (Amyda) capellinii 
Negri, 1892 (Fig. 4). Both Neochelys and Trionyx are abundant and widely recorded 
freshwater (or brackish) forms in the Paleogene of Europe (Kotsakis, 1986; Perez Garcia 
& Lapparent de Broin, 2013). In particular Trionyx is a softshell turtle, whose living 
relatives are carnivorous and inhabit tropical or subtropical swamps (Kotsakis, 1986).

THE INVERTEBRATES

Omboni (1886) described a badly preserved coleopteran (Dytiscus or Hydrophylus) 
fossilized in a “shaly lignite” from Bolca, likely recovered in the Purga or nearby sites. 
According to Malaroda (1954) and Barbieri & Medizza (1969), ostracods (“Cypris”) 
are common in the reptile-bearing beds. The most common invertebrates of the “Purga 
series” are, however, freshwater and terrestrial mollusks reported from the plant-bearing 
beds (Fabiani, 1915). Malaroda (1954) listed the following taxa: Helix damnata, Cyclotus 
obtusicosta, Melanopsis vicetina and Planorbis muzzolonicus.

THE FLORA

Massalongo (1858a, b; 1861) and De Visiani (1864) described several fossil plants 
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leaves (e.g., Latanites) and pinnate leaves as Hemiphoenicites and Geonomites (Figs 5a, 
b). Fiore (1931) reported the occurrence of fungi (Discomycetes, Pyrenomycetes, and 
Deuteromycetes) on a specimen of Latanites likely recovered at Vegroni or surroundings 
and, one year later, described new species of Latanites based on specimens discovered 
at Vegroni and Praticini (Fiore, 1932). From Praticini, Fiore also reported the occurrence 
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of leaves of Salix sp. and Populus sp. and erected the new taxa Castanea integra and 
Fagus silvatica var. praticinensis (Fiore, 1936a, b). Fossil palms from Bolca are presently 
housed in several Italian and foreign museums (Fig. 5).
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The Spilecco locality (Fig. 1) is mainly known for its contribution to the regional 
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the Cretaceous Scaglia Rossa and the alleged Middle Eocene “Calcari nummulitici”. 
For the most complete description of the “Spilecciano” in its type locality (the Spilecco 
hill) we refer to Barbieri & Medizza (1969) and to Medizza (1980). Based on calcareous 
nannofossil data of Barbieri & Medizza (1969), the succession ranges the NP 9 

10. The Spilecco site
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FIG. 1 - Sketch map indicating the position (star) of the Spilecco outcrops near Bolca (Verona).
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(Thanetian)-NP 12 (Ypresian) Zones, lacking completely the NP 11 (Fig. 2). The Lower 
Paleocene is only represented within some burrows into the uppermost part of the Scaglia 
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1969). The starting of shallow-water sedimentation in this area (and in the whole Lessini 
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data of Barbieri & Medizza (1969) Legend: 1) Limestones; 2) Clayey limestones and calcareous marls; 3) 
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B) Calcareous Nannofossil Zonation of Martini (1971) based on data of Barbieri & Medizza (1969).
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2003), NP 10, and P5 (Barbieri & Medizza, 1969), or lower Ypresian.

At present, only the uppermost part of the gray-green limestones with planktonic 
foraminifera and the characteristic reddish marly limestones with macrofossils and larger 
foraminifera still crop out. They approximately correspond to the NP 9-NP 10 portion of 
the stratigraphic column in Fig. 2.

THE INVERTEBRATES
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foraminifera. They include Nummulites bolcensis, N. spileccensis, N. oppenheimi, N. 
pernotus, Assilina custugensis, Discocyclina tenuis, Orbitoclypeus multiplicatus, O. 
munieri, O. schopeni, Asterocyclina taramellii. N. bolcensis and N. spileccensis are 
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The crinoids are quite abundant in the reddish marly limestones. The most characteristic 
taxa are Conocrinus suessi, Conocrinus thorenti and Holopus spileccense (e.g., 
Massalongo, 1850; Fabiani, 1915; Manni, 2005). H. spileccense�
	���=���������	���
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and it is only known from the “Spilecciano” rocks of Spilecco (Manni, 2005).
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the species Cidaris spileccensis, subsequently cited by Fabiani (1915).
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from the site: “Terebratula” bolcensis and “T”. polymorpha
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(1870). According to Fabiani (1913) and Altichieri (1992), the brachiopods occurring 
at Spilecco are Erymnaria bolcensis, E. polymorpha, “Terebratula” fumanensis, and, 
���
���
=���5�Terebratulina striata (Figs 3a-g).

Braga (1968) studied the bryozoans from the reddish marly limestones of Spilecco. 
The assemblage is dominated by Quadricellaria sp., Sertella beaniana, Entalophora cf. 
macrostoma, Filisparsa sp., Idmonea sp., Tervia sp., and Ceriopora sp. Such bryofauna 
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1968). Based on larger foraminifera and byrozoan content, the author hypothesized a 
depositional depth of one hundred meters for the “red marls” of Spilecco.

Massalongo (1850) and Fabiani (1915) listed the following mollusks from Spilecco: 
Terebellum, Cypraea, Helix, Crassatella, and the nautiloid Aturia ziczac. At Spilecco 
also solitary corals occur, ascribed by Massalongo (1850) to “Turbinolia”.

THE VERTEBRATES

In the reddish marly limestones from Spilecco the shark teeth are quite common (Fig 
3h-l). They were reported since the 19th century (e.g., Massalongo, 1850; Bassani, 1876; 
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�������%�Ginglymostoma cf. serra, Carcharias hopei, C. macrota, Isurus cf. mantelli, 
Lamna obliqua, Mustellus spileccensis, Notidanus serratissimus.
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FIG. 3 - Some macrofossils from the “Spilecciano” of Spilecco. Brachiopods: a-d) Erymnaria polymorpha 
(Massalongo, 1850); e-g) Erymnaria bolcensis (Massalongo, 1850). Shark and reptile teeth: h) Isurus cf. 
mantelli�����		
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cm. Green algae: n) Avrainvilleopsis cyathiformis (Massalongo 1855-1856) Forti, 1926. Approximate height 
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From Spilecco an alleged crocodilian tooth is reported by Medizza (1980) and Kotsakis 
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1907 p. 36-37), but the early Paleogene age of the Spilecco succession led later authors to 
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THE FLORA
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tuna and Spartophycos funalis (Massalongo, 1859; Forti, 1926; Fiore, 1936). Forti (1926) 
��=
	���Cylindrites cyathiformis Massalongo, erecting the new genus Avrainvilleopsis 
(Fig. 3n), which is compared to the recent udoteacean green alga Avrainvillea.
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