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NUMMULITE BIOSTRATIGRAPHY AT THE MIDDLE/UPPER EOCENE BOUNDARY
IN THE NORTHERN MEDITERRANEAN AREA
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Rìassrnto. Sono state studiate le associazioni a macroforami-
niferi (principalmente Nummulitidi) di alcune successioni delle aree

veneta (M.ti Berici e Lessini), spagnola (bacino dell'Ebro) e rumena
(Cluj-Napoca) in prossimità del limite Eocene medio-superiore. I ri-
sultati hanno permesso di migliorare la risoluzione stratigrafica delle
biozone a Nummuliti. Lo studio della successione di Mossano e la
correlazione con alcune altre successioni dell'area veneta hanno sug-
gerito l'opportunità di sostituire la Zona a Nummulites brongniarti
(parte alta dell'Eocene medio) con due biozone: una inferiore, a N.
lyelli, ed una superiore, a N. bied,ai. Inoltre si è rawisata I'opportu-
nità di ridenominare la Zona a N. aff. fabianii come Zona a N.
oaùo lariu s /inctas sa tu s. Qtesfa suddivision e è applicabil e anche nel I e

aree rumena e spagnola.

Secondo le interpretazioni correnti, la base del Priaboniano
(:Eocene superiore) è stara posta alla base della Zona a N. fabianii
s.s., oppure alia base della Zona a N. pariolzius/incrassatul In en-
trambi i casi, si propone di considerare la successione di Mossano,
in cui la sedimentazione è relativamente continua, come una possibi-
le candidata ad ospitare il "Global Stratotype Section and Point"
della base del Priaboniano.

Absract. Some larger foraminiferal assemblages (mosrly num-
mulitids) near rhe Middle/Upper Eocene boundary have been inves-
tigated. Sections of the Venero area (Berici and Lessini Mts., north-
ern Italy) were studied and compared with others of the same age

from Spain (Ebro basin) and Romania (Cluj-Napoca). In the Veneto
area the results allow to split the upper Middle Eocene Nummulites
brongniarti Zone into two biozones: a lower N. lyelli Zone and an

upper N. biedai Zone. The N. aff. fahianìi Zone is here renamed N.
variolarias/inaassatus Zone. This subdivision can also be recognized
in Spain and Romania.

According ro rhe current conceptions, the base of the Pria-
bonian (: Upper Eocene) could correspond either to the base of
the N. fabianii s.s. Zone or to rhe base of the N. vaiolarius/insas-
satas Zone. Anyway, the Mossano succession could be a potenrial
Globai Stratotype Secrion and Point for the base of the Priabonian.

lntroduction.

In recent years the Middle/Upper Eocene
boundary has been long debated. In the past, the
whole Middle Eocene was identified with the Lutetian

Stage (e.g. Hottinger et al., 1956, tab. 1; Pomerol,
1964, tab. 3), whereas the Priabonian in the Mediter-
ranean domain and the Bartonian in the northern
basins were regarded as synonyms of the Upper Eo-
cene (e.g. Schaub, 1968). Since the 1960s improvement
of the biostratigraphy allowed this subdivision to be
refined and the reiarive position of the stages
specified. Hottinger & Schaub (freO) introduced the
"Biarrttzian" Stage to fill the gap berween the Lutetian
and the Priabonian in carbonate platform facies.
However, during the "Colloque sur l'Éocène" this
proposai was rejected (Propositions, 1969) and the
stage declassed to a "Biarritzían biozone," although
still today this stratigraphic term is widely employed
by students of larger foraminifera. Bombita (I96a) pro-
posed the "Napocian" Srage to complete the stratì-
graphic succession between the Middle and the Upper
Eocene. However, this term remained restricted to the
Romanian area and never came into the international
usage. Cavelier & Pomerol (1976) pointed out rhat the
Bartonian underlies the Priabonian, and this is now
agreed upon by most stratigraphers. Thus, the
Middle/Upper Eocene boundary was equated ro rhe
Bartontan/Priabonian boundary. The Bartonian strato-
type contains the calcareous nannofossil zones NP16
(partim)-NP17 (Aubry, 1985, 1986), whereas the Biar-
ritzian stratotype contains the NP 17 Zone (Mathelin
& Sztràkos, 1993), so we could assume the "Biar-
ritzian" correlates ar least with the upper part of the
Bartonian.

The International Subcommission on Paleogene
Stratigraphy recently pointed out rhat stages are de-
fined no more by their stratorypes (Hedberg, 1976),

but by the Global Stratotype Section and Point
(GSSP) of their lower boundaries (Cowie et a|., 1986;

Jenkins & Luterbacher, 1992; Salvador, 1994). Accord-
ing to these statements, the base of the Priabonian
Stage also defines the Middie/Upper Eocene boundary.
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The work of the Subcommission is still in pro-
gress and an agreement about this problem has not
been achieved to date,

The present study on the larger foraminiferal
fauna from carbonate platform facies is a contribution
to the solution of this stratigraphic problem. \fle ana-

lysed some stratigraphic sections from the northern
Mediterranean area, i.e. Veneto (northern ltaly), Spain

and Romania, in the aim of clarifying the stratigraphic
relationships between the base of the type-Priabonian
and the uppermost Middle Eocene. The sections have

been selected for their apparently continuous sedimen-

tation across the Middie/Upper Eocene boundary. \le
emphasize that this continuity is very rare: the marine

sedimentation in most regions stops at (or just before)

the end of the Middle Eocene.

According to Papazzoni (1993) Nummulites cf.

ltormoensis Nuttali & Brighton refers to the specimens

from western Europe (Schaub, 1981) of Nummulites
ptukhiani Kacharava (former " Nummulites praefabia-

nii") and Nummulites aff. fabiarcii Auct., whereas

Nummulites ptukhiani s.s. is restricted to Armenia and

eastern Europe. Nummulites garnieri sturi Yanova has

the priority upon Nummulites praegarnieri Schaub and

similarly Spiroclypeus ca.rpa.ticus (Uhlig) has the priori-
ty upon Spiroclypeus granulosus Boussac.

To reconstruct the paleoenvironments we ap-

plied to the larger foraminiferai assemblages a

paleoecological model which is a critical synthesis of
different models (Arni, lles; Setiawan, 1983; Hallock
& Glenn, 1986), together with sedimentological obser-

vations on thin sections (\X/ilson, 1925; Flùgel, 1982).

Our model (Papazzoni,7993,1994) includes four facies:

A) outer platform with low-energy hydrody-
namic regime, characterízed by flattened species such

as Nummulites chavannesi, N. lyelli, N. striatus, Oper-

culin'z spp., Discocyclina spp., Asterocyclina spp.,

Spiroclypeus carpaticus, etc. ;

B) inner platform with high-energy hydrody-
namic regime, characterized by robust or encrusting

species such as Nummulites biedai, N. perforatus, N.

beaumonti, N. discorbinus, GTpsina sp., Spbaerogpnrw
globula, etc.;

C) inner platform with low-energy hydrodyna-

mic regime, charactertzedby Nummulites ex gr. fabia-
nii, N. aariolarius,/incrassutus, Calcarinrt sp., Fabiania

sp ., Cbap manina gass inensis, GTpsira I ineari s, Sil vestriel'

la tetraedra, etc.;

D) "restricted lagoon" or innermost, very shal-

low platform, characterized by abundant Miliolidae,
Alveolinidae, Orbitolites, etc.

Vhere the larger foraminifera are lacking, to de-

duct the paleoenvironments we rest on other fossil

content or on sedimentologicai data.

Status of the Priabonian Stage.

Tr-^ ^-:^;-^l n-frnrtion of the Priabonian datesr rrL vr

back to Munier-Chalmas & de Lapparent (i893); they
described three sections which, as a whole, represent a

composite stratotype.
Fr^- t^^ t^ h^tt^- th." .'-.LrrL/ 4r Lr

3) "Marnes de Brendola";
2) "Groupe des couches à Orbitoides de Priabona";
1) "Assises de La GraneIla" (Ceritbium diabolii

beds of Boro-GranelIa Auct.).

The Boro locality, at the foot of the Granella
hill, is close to the village of Priabona (Lessini Mts.),
whereas Brendola is about twenty km south-east, in
the north-western margin of the Berici Mts. These three
localities represent the type-area of the Priabonian.

Fabiani (19ts) pointed out that at Boro the
"Cerithium diabolii beds" overlay a basaltic conglom-
erate. These beds are related to a transgressive pulse

which folloq/s the regressive interval of the latest

Middle Eocene (Piccoli &. De Zanche, 1968), as also

confirmed by Roveda (1961). In a borehole at the foot
of the Granella hill, Piccoli & Massari Degasperi
(tres) observed oxidized basait with evidences of sub-

aerial exposure resting on limestones with Nummulites
ex gr. millecaput. These authors inferred the presence

of a gap between the topmost Middle Eocene sedi-

ments and the lowermost Upper Eocene deposits in
the type-area.

During the "Colloque sur l'Éocène" the Pria-

bonian was defined as the stratigraphic interval be-

tween the Nummulites brongniarti" N. perforatus, Ahteo-

lina elongata Zone ("8íarritzian") and the Nummulites
intermedius Zone (Oligocene) (Colloque sur l'Éocène,
1969). This implied the extension of the Priabonian to
inciude r.he Nummulites aff . fabianii Zone (Castellarin
& Cita, 1969); this zone is lacking in the holostrato-
type but is represented in the Mossano section, at that
time chosen as a reference section (hypostratotype).
Ungaro (1969) in studying the Mossano section did
not clearly define the Middle/Upper Eocene boundary
and the problem of the base of the Priabonian re-

mained unsolved.
Our research focused on studying in detail the

Mossano section and its correlation with the holostra-

totype. Moreover, the correlations were extended to

other sections of the Lessini and Berici Mts.. and to
some Spanish and Romanian successions.

The stratigraphic sections.

1 - Berici Mts. (Veneto).

In this area three sectrons were sampled and

studied: Mossano, Pederiva ("Cava Zengele" in
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Fig. 1 - Location map of the sections sampled.
A) Spain. ARG=Arguis; IG:Igualada; VIC:Vic.
B) Veneto. MOSS:Mossano; PRV:Pederiva di Grancona;
SG:San Germano dei Berici; PRB:Priabona; MC:Monte
Cavro; NG:Nago; PRD:Pradipaldo.
C) Romania. R=Leghìa, Cluj, Mera.

Schweighauser, 1953), and San Germano dei Berici,
about two km south of Pederiva (Fig. tB).

A) The Mossano section is the most interesting
for its completeness and accessibility. Our samples

were taken following approximately the paths re,
ported by Schweighauser (tfS:) and Herb & Hekel
(1973), along the road from Mossano to C. Leonardi
and Monte Stria. The recent works to widen the road
increased the size of the outcrops and revealed two
direct faults just before the crossroad to Olivari
(Papazzoní & Sirotti, 1993). The lithologic unrts rec-

ognized are, from top to bottom (Fig. 2a):

4) marls and marly limestones with bryozoa and discocyclinids (over
Jb mt:

3) noduíar limestones with small nummulites (20 m);
2) massive Ìimestones wirh Nummulites biedai (23 m);
1) bedded limestones wrth Nummulites lyelli and N*mmulites cf. da.

frenoyi (16 m).

The distribution of foraminiferal assemblases is

plotted in Tab. 1.

The paleoecological interpretation of this succes-

sion (Papazzoni, 7994) suggests a progressive iowering
of the relative sea level during the time corresponding
to the deposition of the units 1-3 (Fig. 2a): unit 1 can

be interpreted as an outer platform facies; unit 2 con-
sists of sandy shore sediments settled near the outer
margin of the inner platform, whereas unit 3 was

deposited in a more protected, low-energy envrron-
ment of an open platform. A nevr sudden deepening,
associated with an increase in terrigenous input, is de-

monstrated by the overlaying marly unit 4, indicative
of an outer platform environment.

B) In Pederiva di Grancona, on the northern
side of the Liona Valley, the most striking feature is

the nummulite bank cropping out ar the periphery of
the village. \fle sampled the southern side of M.
Vagina, just above the village, following the paths of
Fabiani (1915) and Schweighauser (DS:). The strara,
except for the lower part of the section, are not well
exposed because of the dense vegetation. The litho-
logic units recognized are, from top to bottom (Fig. 2b):

4) marls and marly limestones with pelecypods and echinoids (over
15 m);

- 10 m covered
3) nodular limestones with miliolids and small nummulites (6 m ex-

posed and lt m covered);
- 4 m covered
2) massive limestones wirh N. lyelli (13 m);
- 3 m covered
1) N. lyelli bank (10 m).

In unit 1 the assemblage (Tab. 1) is dominated
by the B forms of NummuLites lyelli d'Archiac &
Haime and N. biarritzensis d'Archiac; N. cf . dufrenoyi
d'Archiac & Haime is rare. The abundance of flat-
tened forms points to an outer platform paleoenviron-
ment (Haliock & Glenn, 1986). The overlaying unit 2

contains a foraminiferal assembiage typical of higher-
energy conditions, probably in a more proximal set-

ting. The shallowing-upward trend continues with
unit 3, indicating a yery shallow "resrricted lagoon"
(Hallock & Glenn, 1986). A deepening is recorded by
the marly sediments of unit 4, indicative of a shift to
an open platform paleoenvironment with an increase
in terrigenous supply. The general trend matches the
one recognized at Mossano, although the vegetation
cover prevents to estabiish if the transition is continu-
ous or sharp. The presence of the miliolid limestones
at the top of the regressive cycle leads us to suggest

that Pederiva was closer ro the coastline than Mos-
sano, where this proximal facies is missing.

C) S. Germano dei Berici is on rhe eastern side
of the Liona Valley. Our samples were collected along
the road (Via Lupia) from the village of S. Germano
to Monte Lupia. The outcrops are rather continuous
in the lower part of the section, whereas in the
middle part the real thickness of the covered portion
could not be estimated due to the supposed presence
of a direct fault. The lithologic units recognized are,
from top to bottom (Fig. 2c):

6) massive limestones with small nummulites (over 10 m);
s) N. fakanii bank (4 m);
a) bedded limestones with discocyclinids (10 m);
3) noduiar limestones with miliolids and smali ny66slir". lc m p*-

posedand2mcovered);
- covered (thickness uncertain)
2) massive limestones with N. cf. du/renoyi and N. ex gr. petforatus

(18 m exposed and 16 m covered);
1) N. cf. du/renoyi bank (1-2 m).

Paleoecological succession of the fossil assem-

blages (Tab. 1) from the three lower units shows a
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b) Pederiva

Nodular limestones

Nummulite bank

Bedded limestones

lv'lassive limestones
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c) San Germano
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Fig. 2 Correlation of rhe Mossano

(a), Pederiva di Grancona (b)

and San Germano dei Berici
(c) sections based on num-
mulite zones. The numbers

on the left of the columns
refer to the lithologic units
described in the text. The
numbers on the right refer to
the samples studied. The
black arrows indicate the
maximum relative sealevel
fall.
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striking resemblance with Pederiva as well as the same

regressive trend. In the upper unirs (4-6), although the
terrigenous input is not important in comparison with
the previous sections, the discocyclinid limestones
mark the beginning of the new transgressive cycle.

2 - Lessini Mts. (Veneto).

The sections sampled include the lower part of
the Priabona section and the localiry Monte Cavro,
near Verona (Fig. tB).

D) Several papers have been published on the
larger foraminifera from Priabona. To quote only the
more significant, Roveda (1961) studied the nummuli-
tids from the Boro-Granella section, Sirotti (1973) in-
vestigated the discocyclinids from Priabona, whereas

Setiawan (tls:) carried out a detailed paleoecological

interpretation of the sections of Priabona and the
neighbouring Buso del1a Rana and Bressana
(Ghenderle). The calcareous nannofossils were studied
by Jossen (19sz) and Verhallen & Romein (1983).

The lowermost portions of the Priabona section
and the Boro-Granelia section are correlatable (Hard-
enbol, 1968, p. $a). Since the latter could not be at-

tained for this study, rr/e sampled the lower part of
the Priabona section, from the small spring along the
road Priabona-Malo to the overriding road Priabona-
Monte di Malo. The lithologic units recognized are,

from top to bottom (Fig. 3a):

5) blue claystone (5 m);
- 4 m covered
4) Discocyclina marls (10 m);
- 3 m covered

F?eaq

ffitffir

Erfft
EÉÉII

Ft
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Distribution of the larger foraminifera in the Mossano (MOSS), Pederiva di Grancona (PRV) and San Germano dei Berici (SG)

sections. The biozones recognized are reported in Fig. 2.
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3) N. fakanìi limestones (9 m);
2) silty and sandy limestones (5 m);
1) basaltic conglomerate (1 m or less).

The foraminifera recognízed are listed in Tab. z.

The basaltic conglomerate is universally recognized as

marking the beginning of the Priabonian marine rrans-
gression (Fabiani, 1915; Setiawan, 1983). The deepen-

ing continued during most of the succession sampled
to reach open marine conditions (Setiawan, 1983).

Little is known about the beds underlying the basaltic

conglomerate. As reported by Piccoli & Massari De-
gasperi (tfes) the area probably emerged near the end
of the Middle Eocene, contemporary with a volcanic
episode which affected the whole Lessini shelf (Piccoli
&. De Zanche, 1968).

E) Monte Cavro is a low hill just north of Vero-
oa, near the village of Quinzano. Our samples were
taken on the south-eastern side of the hill, ne4r the S.

Rocchetto Monastery. The lithologic units recognized
are, from top to bottom (Fig. 3b):
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MOSS 17
MOSS 16
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!.toss 13
MOSS 12
!{oss 11
MOSS 10
MOSS 9
MOSS I
MOSS 7
lltoss 5
MOSS 5
MOSS 4
MOSS 3
MOSS 2
MOSS 1

PRV 8
PRV 7
PRV 6 .r
PRV 5
PRV 4
PRV 3
PRV 2
PRV 1
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d) Pradipaldo

M tdóidnii s.s
Zone

zol9" '
Zorc?

Zore

N. Iyelli
Zonel

2) limestones with small nummulites (7 m);

1) massive limestones wtth N. kedai (26 m).

The lower unit contains several robust or en-

crusting species (Tab. Z), indicating a high energy
inner-shelf margin paleoenvironment. The overlaying
limestones with small nummulites point to a rela-

tively protected inner-platform paleoenvironment.
This facies succession could be correlated with units 2

and 3 of the Mossano section (Fig. 2a). Therefore, the
regressive trend observed in the previously described

sections is confirmed.

3 - Monte Baldo and Bassano (Trentino and Veneto).

These areas were located on the north-western and

eastern margins of the "Lessini shelf," respectively. \(e
investigated and sampled two sections, the Nago section,

in the Monte Baldo area, close to Lake Garda and the

Pradipaldo section, near Bassano del Grappa (Fig. tB).
F) The Nago section comprises Middle and

Upper Eocene limestones and has recently been the
subject of different studies. Luciani et al. (1988) recog-

nized two large-scale and several minor depositionary
cycles interpreted as related to sealevel changes.

Our samples were collected on the path that
climbs towards the big pole that overhangs the village
of Nago. The lithology presents a more or less regular
alternation of pure limestones and marly limestones

or marls. The units recognized are, from top to bot-
tom (Fig. 3c):

8) bedded limestones with small nummulites (4 m);

7) marls with discoryclinids (4 m);

6) massive limestones with small nummulites (5 m);

5) marly limestones with discocyclinids (2 m);

4) massive and bedded limestones with calcareous algae and small

nummulites (11 m);
3) limestones with corals and discocyclinids (2 m);

2) massive limestones with corals and calcareous algae (t7 m);

1) marly limestones with discoryclinids (a m).

Fig. 3 - Correlation of the Priabona
(a), Monte Cavro (b), Nago
(c) and Pradipaldo (d) sec-

tions based on nummulite
zones. Symbols as in Fig. 2.

Different from the other localities described to
date, the paleoenvironment was here dominated by
small coral reefs with abundant calcareous algae
(Bosellini F.R. et al., 1988; Luciani, 1989). The larger
foraminifera are less frequent in the fossil assemblage,
but the general trend of regression-transgression in the
two major cycles is clearly recognizable throughout
the section. Unit 2 represents the top of the oldest
major cycle. The assemblage (Tab. 2) indicates a tela-
tively proximai environment, probably on the margin

of the inner piatform. The second cycle (comprising
units 3-8) begins with probable fore-reef deposits (unit
3), where inner and outer platform species are mixed
together. Then, the paleoenvironment shifts again

towards a shallower facies with minor oscillations.
The regressive-transgressive trend observed in the
upper cycle is similar to and coeval with that ob-

served in the Berici Mts.
G) The Pradipaldo section lies immediately

south of the Asiago Piateau, on the eastern side of the
Lessini shelf. It was studied by Frascari Ritondale
Spano (tl6l) and more recentiy by Garavello & Un-
garo (trs+) and Ungaro & Garavello (1989). The sec-

tion crops out a few km north-west of Bassano del

Grappa. Our samples were collected from nearly ver-

tical beds along the road from Bassano to Pradipaldo,
on the left side of the Rio Lavacile. The lithologic
units recognized are, from top to bottom (Fig. 3d):

a) bedded limestones with nummulites, pelecypods and echinoids (9

m);
- 11 m covered
3) sandy limestones (12 m);

2) bedded limestones with Pacblperna laverdana and miliolids (3 m);

1) massive limestones with N. kedai and N. cf. dufrenoy (1+ m).

In units I and 2 the paleoenvironment shifts

from an outer platform in a low-energy hydrodynamic
regime to a very proximal, inner-platform setting with

..--hn.

Zúe

b) Moúte Cavro
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Ta:b.2 - Distribution of the larger foraminifera in the Priabona (PRB),
biozones recognized are reported in Fig. 3.

an increase of the non-carbonate fraction towards the
top of unit 2. In the overlaying unit 3 the fossils are

absent or extremely fragmented. A paleoenvironmen-
tal interpretation of the latter sediments is difficult be-

cause of the lack of both fossil elements and sedimen-
tary structures, but we can tentatively hypothesize a

high-energy, very proximal environment, possibly a

beach. In unit 4 the fossil assemblage (Tab. z) points
to an inner platform paleoenvironment, with high
enerry and without terrigenous influx. The acme of
the regression was probably reached during the deposi-

tion of the barren arenaceous limestones, followed by
a new deepening during the deposition of unit 4.

4 - lgualada and Vic (Catalufra, Spain).

\7e sampled two sections in the eastern part of
the Ebro basin (Fig. 1A). The Eocene larger
foraminifera from these areas were recently investi-

Monte Cavro (MC), Nago (NG) and Pradipaldo (PRD) sections. The

gated by Ferrer (oez, luzt) and Calmbach (1987).
Paleogeographically (Barnolas et al., 1981; Plaziat,
1981), the present-day Ebro basin was a wide gulf
opened towards the Atlantic Ocean. Igualada was on a

wide embayment west of the deltaic complexes of
Montserrat and St. Lloreng del Munt, whereas Vic
was located in the easternmost termination of the

Culf.
H) The Eocene of Igualada includes several

marine and continental formations (Ferrer, 1971). \re
will focus on the Sta. Maria Group (Collbas Fm.,
Igualada Fm., La Tossa Fm.) and the Artés Forma-
tion. The lithologic units recognized are, from top to
bottom (Fig. aa):

8) continental red beds (Artés Fm.; 5-10 m);
7) patch reefs (La Tossa Fm.; 18 m);
6) marls with discocyclinids (lgualada Fm.; 135 m);
5) patch reefs (Collbas Fm.; 40 m);
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N. fabíanii s.s
zn\e

.3N. fabiailii s.s.
Zone

4) marls wirh Paxakpbyllia (Collbas Fm.; 60 m);
3) patch reefs (Collbas Fm.; 12 m);
2) bioclastic limestones and marls (Collbas Fm.; 80 m);
7) N. petforatus bank (Collbas Fm.; 5-10 m).

The samples come from the section of Santa

Maria de Miralles (Ferrer, 7977, fig.4). Unit 1 is a

nummulite-bank with prevailing A and B forms of
Nummulites perforatus (de Montfort), but several other
species are also present (Tab. :). The inferred paleoen-
vironment for unit 1 is on the inner part of the plat-
form. The overlaying alternation of marls and shallow
biogenic limestones (usually patch reefs: units 2-5) sug-

gests high-frequency oscillations of the sea-level. The
marls with discocyclinids indicate a relatively deep

paleoenvironment (outer platform). The patch reefs of
unit Z and the continental red beds of unit 8 represent
a regressive phase closing the sedimentary cycie. This
regressive trend is comparable with that observed in
the Veneto area. The subsequent lack of marine sedi-
ments is probably consequent to the tectonic uplift re-

lated to the Pyrenaic orogenesis"

D The lithologic units recognized in the
Middle/Upper Eocene sediments of Vic (Marzo et al.,

1989) are, from top to bottom (Fig. ab):

11) continental rcd beds (ArLés Fm.; 5-lO m);

10) reef limestones (St. Bartomeu; 32 m);
9) marls (Vespella Fm.; 18 m);

8) reef limestones (Sta. Perpetua;32 m)i

N. biedaì
Zone?

Fig. 4 - Correlation of the Igualada
(a), Vic (b), Arguis (c) and

Romania. (d) sections based

on nummulite zones. Svm-
bols as in Fig. 2.

7) marls (Vespella Fm; 22 m);
6) reef limestones (Can Cuspineda; 44 m);
5) marls (Vespella Fm.; 20 m);
4) limestones with nummulites (St. Martí Xic; 38 m);
3) marls (Vespella Fm.; 22 m);
2) reef limestones (La Trona; 54 m);
1) maris (Gurb Fm.; 20 m).

The samples were collected in Sta Cecília de

Voltrega (Serra-Kiel & Reguant, 1991), St. Martí Xic,
St. Bartomeu del Grau (Barnolas et al., 1981; Barnolas
et al., 1985; Barnolas et a1., 1988), all near Vic. The
stratigraphic coiumn is a composite section recon-
structed with the available data from the literature.
Unit 1 contains a larger foraminiferal assemblage
(Tab. :) which suggests an outer platform, relatively
deep paleoenvironment. In the overlaying reef com-
plexes (units 2, 4, 6, 8, 10) the assemblages usuaily
lack discocyclinids and contain species typical of an

inner platform paleoenvironment. The interpretarion
of the five oscillations of the relative sea-level is diffi-
cult because of the possible contemporaneous tectonic
movements related to the Pyrenaic orogenesis possibly
associated with some short term eustatic yariations.

However, the general trend is the same as in lgualada.

5 - Arguis (Aragona, Spain).

) Arguis (Fig. tA) is in the southernmost part
of the pre-pyrenaic belt and belongs to the "outer Sier-

ras" or "marginal Sierras," bordering the northern side

Tnnel

Zone'l N. lyelli
Zone

Zone

Zone

b) Vic
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Tab.3 - Distribution of the larger foraminifera in the Igualada (IG),
recognized are reported in Fig. 4.

of the Ebro basin. The Middle to Upper Eocene

marine sediments crop out on the southern side of the
Guarga syncline (Canudo et al., tlss). The lithologic
units recognized are, from top to bottom (Fig. ac):

3) continental beds (Campodarbe Fm.; 5-10 m);
2) limestones and sandy limestones (Belsué-Atarés Fm.; 50-75 m);
1) marls (Arguis Fm.; 60-85 m).

The Arguis marls are devoid of larger
foraminifera except in their uppermost part. The ffan-
sition to the Belsué-Atarés Fm. is gradual and often
heteronic Tn the latter formation the lart'er
foraminifera (Tab. 3) indicate an outer platform
paleoenvironment, passing to an inner platform, prob-
ably under a low-energy regime as indicated by a few
species such as Had,donia beissigi Hagn and Fabiania sp.
The rapid transition from deeper to shallower en-

vironment suggests that the ramp was characterized
by a steep slope and the platform was narrow. The
marine sediments are once again capped by continen-
tai beds. The regressive trend is correlatable with the

Vic (VIC), Arguis (ARG) and Romania (R) sections. The biozones

last cycle observed in the other Spanish localities ex-

amined. Also here regression is not followed by a

transgression.

6 - Cluj-Napoca (Transylvania, Romania).

K) The neighbourhood of Cluj-Napoca (Fig. 1C)

are very interesting for the study of the Middle to
Upper Eocene transition. During the Eocene this area

was covered by a shallow epicontinental sea; there,
the carbonate platform deposits are well-developed
and often intercalated with evaporites and continentai
beds. Two sedimentary cycles are recognizable sepa-

rated by thick continental deposits (Bombita , 1984).

The stratigraphic succession was reconsrructed from
several separate localities (Leghìa, Mera and Cluj; see

Bombita & Moisescu, 1968, fig. t). The lithologic
units recognízed are, from top to bottom (Fig. ad):

10) marls with nummulites (Brebi marls; 60 m);
9) limestones with N. fabianii (Cluj limestone; 48 m);
8) evaporites (upper gypsum; 4-5 m);
Z) bedded limestones with miliolids; 4-5 m;
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6) continental beds (Nadasului Fm.; 45 m);
5) bedded limestones with aiveolinids (Leghìa limestone; 10 m);
4) marls (Mortanusa Marls; 40 m);
3) limy marls wirh Vektes (5-6 m);

2) marls with pelecypods (4-S m);
7) N. perforarus bank (5-10 m).

The lower part of the lowermost cycle (unit 1)

crops out near Leghìa, the rypeJocality of the species

Nummulites perfordtus (de Montfort). The bank is al-
most exclusively composed by A and B forms of N.

perforatus along with very Íare speclmen of N. beau-

monti d'Archiac & Haime (Tab. :). The most impres-
sive feature of unit 1 is the extensive bioerosion of the
tests (especially in the B forms of N. perforatus),
largely bored by lithophagous pelecypods and ser-

puloid worms. Similar extensive bioerosion were re-
ported in deposits of almost the same age by Serra-

Kiel & Reguant (trs+) and Carbone et al. (1980) from
Ebro basin (Spain) and Liguria (northern Italy), respec-

tively. The inferred paleoenvironment for this unit is
shallow water inner platform under relatively high
enerry regime. The overlaying units 2 and 3 are still
of shallow water inner platform environment, whereas

the Mortanusa Marls (unit 4), devoid of macrofauna,
suggest a deeper environment on an outer platform
setting, possibly below the photic zone. The transition
from unit 4 to unit 5 is marked by alag with bivalves
and an important detrital non-carbonate fraction, indi-
cating a probable very shallow paleoenvironment.
Unrt 5 contains species characteristic of a moderate-
energy, "lagoonal" paleoenvironment. The sediments
of the second cycle (units 7-10) crop out near the
town of Cluj and in the vicinity of Mera. After the
continental episode represented by unit 6, units 7-8 in-
dicate a marine paleoenvironment, probably in an

inner platform setting. In the Baciu quarry (near Cluj)

the Cluj limestone (unit 9) is completely exposed. The
lower part of unit 9 contains very rare larger
foraminifera again suggesting a relatively inner plat-
form paleoenvironment. N ummulites fabianii (Prever)
appears only in the highest levels of the formation,
just below the nummulite-bank facies. The bank con-
tains A and B forms of N. fabianii, often associated
with N. pulcbellus Hantken, N. cf. incrassatus de la
Harpe, operculinids, etc. (Tab. 3). The inferred
paleoenvironment is near the transition between the
inner and outer platform setting, under a relatively
low energy regirne. On the whole, the upper part of
the first cycle and the lower part of the second one
could be compared with the regressive-transgressive
trend observed in Veneto.

Nummulite biozones and correlations.

The Mossano section, which is apparently con-
tinuous throughout the Middle/Upper Eocene bound-
ary, seems suitable to reconstruct the biozonal succes-

sion. This section can be helpful to recognize the
stratigraphic position of the base of the type-section of
Priabona.

To correlate these sections, we have to bear in
mind that:

a) in the type-section of Priabona the only bio-
zone recognizable is the Nummulites fabianii s.s.

Zone:
b) the base of the type-Priabonian is marked by

a marine transgression.
In the Mossano section the marls and marly

limestones of the uppermost tract (unit 4, Fig. 2a) are

surely attributable to the N. fabianii s.s. Zone (Pl. 2,

fig. 8-16), for the presence of Nummulites fabianii
(Prever), N. stellatus Roveda, Operculina alpirw Dou-

Fio ì
Fiq 4

PLATE 1

Fig. 1-8 : Species of rhe N*mmulites lyelliZone.
Fig. 1 - Microfacies of the nummulite bank of Pederiva, wirh Nsmmulites lyelli d'Archiac & Haime, A form (top left) and N. biaritzensìs

d'Archiac (top righQ. Sample PRV 1; x 10.

- Nummulites lyelli d' Archiac tr Haime, B form: equatorial section. Sample PRV 1; x 2.5.

- Operculina beicensis Oppenheim: external view. Sample PRV 1; x 15.

- Operculina hicensis Oppenheim, A form: equatorial section. Sample SG 2; x 15.

- Nummulites cl. dufrenoyi d'Archiac & Haime, B form: external view and part of the equatorial section. Specimen stored in the
museum of the "Istituto di Paleontologia (Università di Modena)" coming from the nummuiite bank of Pederiva (Veneto); x 1.

- Nummulites cf. dufrenoyi d'Archiac & Haime, A form: equatorial section. Sample SG 2; x 10.

- Nummulites perforatus (de Montfor$, B form: equatorial section. Sample R 1, nummulire bank of Leghìa (Romania); x 2.5.

- Nummtlites perforatus (de Montfort), A form: equatorial section. Sample R 1, nummulite bank of Leghìa (Romania); x 10.

Fig. 9-16: Species of rhe Ntmmulites kedaiZone.
Fig. 9 - Ntnmulites beaunonti d'Archiac Er Haime, A form: equatorial section. Sample IG 1; x 10.

Fig. 10 - Nummulites beaumonti d'Archiac tc Haime, A form' external view. Sample IG 1, same specimen as fig. 9; x 10

Fig. 11 - Nummulites cf. hornoensis Nuttall & Brighton, A form: equatorial section. Sample MC 2; x 15.

Fig. 12 - Nummulites cf. hormoensis Nuttall tc Brighton, A form: external view. Sample MOSS 11; x 15.

Fig. 13 - Nummulites discorlinus (Schlotheim), A form: external view. Sample IG 2; x 10.

Fig. 14 - Nummalites discorbinus (Schlotheim), A form: equatorial section. Sample MOSS 11; x 15.

Fig. 15 - Ntmnulites biedaiSchatb, A form: equatorial section. Sample MC 2; x 10.

Fig. 16 - Nunmulites ked,aiSchatb, B form: equatorial section. Sample MOSS 11; x 2.5.

Fio A

Fig. 7

Fig. 8
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villé, Spiroclpeus cdrpdticus (Uhltg). Moreover, these
sediments are transgressive, just as those at the base of
the rype-Priabonian. Accordingly, unit 4 (marls) of
Mossano can be correlated with the lowermost por-
tion of the Priabona section (Fig. fa).

Some other important biostratigraphic conside-
rations are possible on the former section. Moreover,
the lower part of the shallow-water sediments (units
1-2, Fíg. 2a) at Mossano is of late Middle Eocene age

based on the presence of Nummulites biedai Schaub, N.
discorbinus (Schlotheim), N. cf. dufrenoyi d'Archiac &
Flaime, N. lyelli d'Archiac & Haime, N. cf . hormoensis

Nuttall & Brighton, Operculina schvtageri Silvestri. Ac-
cording to the current biozonation scheme (Schaub,

1981) unit 7 and 2 can be attributed as a whole to the
Nummulita brongniarti Zone (:"8íarritzian") (Tab.
6). Relying on the data from the Mossano section this
zone, and consequently the "Biarritzian," can be sub-

divided in two subsequent concurrent-range biozones
characterízed by discrete larger foraminiferal assem-

blages (Pl. 1):

I) a lower Nummulites lyelli Zone (Tab. +),

characterized by the presence of the named species

(Pl. 1, fig. 1,2), N. beaumonti d'Archiac & Haime, N.
discorbinus (Schlotheim), N. cf. dufrenoyi d'Archiac &
Haime (Pl. 1, fig. 5, 6), N. cf. bormoensis Nuttall &
Brighton and Operculina schwagerl Silvestri. In other
localities such as Pederiva di Grancona, San Germano
dei Berici, Igualada, Vic and Leghìa, the N. lyelLi Zone
was found also to contain N. biarritzensls d'Archiac
(Pl. 1, fig. 1), N. cyreruticu.i Schaub, N. garnieri sturi
Vanova, N. gizehensis (Forskàl), N. perforatus (de Mont-
fort) (Pl. 7, fig. 7, 8), OpercuLina bericensis Oppenheim
(Pl. 1, fig. 3, 4) and Assilirw spp.

II) An upper Nummulites biedai Zone (Tab. 4),

characterized by the abundance of the named species

specieE \

1

Nummulites
lyeli
Zone

2
Nummulites

biedai

Zone

3
Nummulites
vat./ ncrass.

Zone

4
Nummulites
fabianiis.s.

Zone

N- cyreneicus

Y gLzehensis

N.9t,d!!!9!9vL _L
N. biedai
N. beaumont!

N d!999Q!!!L
!!.j!!!E!1il!ri .-_
l!.ct l9!q99!!E
O, schwjlgjlt
N vaiolatiuslncrassatus
N stellatus

9-4p!14
S carpaticus

Tab. 4 - Distribution of the age-diagnostic larger foraminifera with
respect to the discussed nummulite biozones. O) Appear-
ance; X) disappearance; dashed line) presence uncerrain.

(pl. 1, fig. 15, 16) sometimes associated with N. beau-

monti d'Archiac & Haime (Pl. 1, fig. 9, 1O), N. discor-
binus (Schlotheim) (Pl. 1, fig. 13,14), N. cf . hormoensis
Nuttall & Brighton (P1. 1, fíg. 11, 12), Operculirw
schwageri Silvestri.

Accordingly, unit 1 from the Mossano section is

attributable to the N. lyelli Zone and unit 2 to the N.
biedai Zone.

Unit : is difficult to date because it contains
low-diversity larger foraminiferal fauna with a few
stratigraphically significant species. In this unit (Tab.
1) O. scbwageri and N. beaumonti/discorbinus, of
Middie Eocene age are associated with primitive N.

fabianii, N. stellatus, N. variolarius/incrassatu.i (Pl. 2,

fig. 1-3), Haerostegirw reticulata Rùtimeyer, Operculina
schwageri Silvestri (Pl. 2, fig. 4, 5). This assemblage,
that in Igualada and Vic contains also N. garnieri sturi
Vanova (P1. 2, fig. 6, 7), would indicate the N. aff.

PLATE 2

Fig. 1-7 : Species of rhe N. vaiokriul/insassatusZone.
Fig. 1 - Microfacies wirh Nummulites aaàolaríus/intrdssahts (centre and centre left), discocyclinid (bottom right) and Fakania sp. (centre left).

Sample SG 5; x 10.

Fig. 2 - Nummtlites inoassat*s de la Harpe, A form: external view. Sample IG 2; x 15.

Fig. 3 - Ntmmulites inqassatus de la Harpe, A form: equatorial section. Sample MC 2; x 15.

Fig. 4 - Operculina schuageri Silvestri, A form: external view. Sample IG 3; x 15.

Fig. 5 - Operculina scbuagerì Silvestri, A form: equatorial section. Sample MOSS 11; x 20.

Fig. 6 - Nummulites gamiei sturiYanova, A form: equatorial section. Sample IG 3; x 20.

Fig. 7 - Nummulites gamieri sturiYanova, A form: external view. Sample IG 2; x 20.

Fig. 8-16: Species of the Nsnmulites fakanii s.s. Zone.
Fig. 8 - Nunmulìtesfahanii (Prever), A form: equatorial section. Sample R 7b; x 15.

Fig. 9 - Numnulites fabianii (Prever), A form: external view. Sample R 7b; x 15.

Fig. 10 - Nummalircs fabianii (Prever),A form: external view. Sample PRV Z; x 15.

Fig. 11 - Spiroclypeus cdrpdt;us (Uhlig): equatorial section. Sample MOSS 21; x 20.

Fig. 12 - Spiroclypeus carpaticus (Uhlig): external view. Sample MOSS 21; x 15.

Fig. 13 - Nummulites garnieri garnìeà de la Harpe, A form: external view. Sample ARG 2; x 20.

Fig. 14 - Nunnulies garniei garniei de la Harpe, A form: equatorial section. Sample ARG 2; x 20.

Fig. 15 - Operculina alpinaDowillé: external view. Sample R 7b; x 15.

Fig. rc - Operculina alpinaDouvill'e: equatorial section. Sample R 7b, same specimen as fig. 15; x 15.
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fabianii Zone (Cíta, 1969). Because in our opinion, N.

aff . fabianii is unsatisfactory defined (Herb & Hekel,
1973), we prefer to rename the N. aff . fabianii Zone as

Nummulites aariolarius/incrdssdtus Zone, after the
name of the most abundant taxa. It can be defined as

the interval-zone between the disappearance of the

larger nummulites (N. biedai ín the investigated sec-

tions) and the appearance of the species distinctive of
the N. fabianii s.s. Zone. It is worth mentioning that
absence of taxa appearing or restricted to this interval
creates some difficulties in reliably identify this zone.

Conversely, the following N. fabianii s.s. Zone is weli-
characterízed by the appearance of several species such

as N. fabianii (Prever) (PL 2, fig. 8-10), N. garnieri gar-

nieri de la Harpe (Pl. 2, fig. 13, 74), Operculinrz alpirw
Douvillé (Pl. 2, fig. 15, 16) and SpirocLypeus carpaticus

(Uhlig) (Pl. 2, fig. 11,12).
The genus Orbitolites has been usually regarded

as restricted to the Middle Eocene (Hottinger et al.,

1964; Beckmann et aI., 1987; Loeblich & Tappan,

1988), but we found it in some samples from Pederiva,

Priabona and Pradipaldo (Tab. 1, 2) into the N. fabia-
nii s.s. Zone, in agreement with Barbin (tlse), who
reported Orbitolites from the Priabonian stratotype.

Discussion.

A comparison of the Mossano data with those

from the other sections investigated reveals a striking
resemblance in both the succe ssion of larger

foraminiferal assemblages and the regressive-transgres-

sive trends. The biozonation scheme here proposed

from Mossano and partialiy from Priabona (Tab. a)

applies to all the other localities investigated.

In both Pederiva and S. Germano (Veneto) the
N. lyelli, N. biedai and N. fabianii s.s. Zones are easiiy

recognizable. The N. variolarius/incrassatus Zone is
more difficult to identify owing to the very shallow
paleoenvironment which was unsuitable for num-
mulites. However, the sea-level changes show the

same trends at Pederiva and S. Germano and are con-

temporaneous with those observed at Mossano.

At Monte Cavro (Verona) were recognized the

N. biedai and N. aariolarius,/incrassatus Zones and the

succession evolved with the same regressive trend as

in Mossano.

In the western Lessini shelf (Nago) the paucity

of significant larger foraminifera and the absence of
larger nummulites makes it difficult to recognize the

N. lyelli, N. biedai and N. aariolarius/incrassdtus Zones,

whereas the N. fabianii s.s. Zone is well represented

during a rise in sea level.

In the Pradipaldo section (eastern Lessini shelf)

the N. lyelli, N. biedai and N.',fabianii s.s. Zones are

present, whereas the N. aariolarius,/incrassdttts Zone is

probably represented by nearshore deposits with rare
nummulites. Nevertheless, the regressive-transgressive

trend is here completely represented.
In Igualada, the uppermost marine sediments (La

Tossa Fm.) contain rare planktonic foraminifera at-

tributed by Ferrer (tlzt) to the P15 Zone, i.e. the
lowermost Priabonian. In Arguis, Canudo et al. (tfss)
found planktonic foraminifera of Pis Zone in the
uppermost beds of the Arguis Fm. According to our
observations, in Igualada (unit 7; Fíg, 4a) and Vic
(unit 10; Fig. +b) the larger foraminiferal assemblages

from the younger sediments are attributable to the N.

aariolarius/incrassdtî,ts Zone, whereas the species dis-

tinctive of the N. fabianii s,s. Zone are lacking. On
the other hand, at Arguis we found N. garnieri gar-

nieri ín unit 2 (Fig. 4c), suggesting that at this locality
the uppermost marine sediments are of Late Eocene

age, in agreement with planktonic foraminiferal data.

The relative changes of sea-level are here quite diffi-
cult to correlate with the Veneto area because of the
tectonic movements of the Pyrenaic orogenesis which
mask the eustatic changes. The regressive trend in the

upper Middle Eocene is, however, confirmed, but at

least at Arguis it also continues in the Priabonran.
In Romania units 1-3 (Fig. +d) correlate with the

N. lyelli Zone, On the other hand, most of the over-

laying sediments (unit 4) do not contain larger
foraminifera. According to Bombita (pers. comm.) ,,

unit 4 straddles the Middle/Upper Eocene boundary
on the basis of the calcareous nannofossils (NP 17l18

boundary); the Leghìa limestone (unit 5) is devoid of
nummulites and cannot objectively be attributed to
any nummulite biozone. Comparing the regressrve

trend observed in Romania with that from the Veneto
area we can tentatively suggest that Mortanusa Marls,
Leghìa limestone, and probably the overlaying conti-
nental Nadasului Fm. ("Napocian", Bombita, 1984),

are time-equivalent of the N. biedai and N. variola-
rius,/incrassatus Zones. The middle-upper part of the

Ciuj iimestone (unit 9) yielded specirnens of Num-
mulites fabianii at a medium stage of evolution. Con-
sequently, the lower Cluj limestone (without larger

foraminifera) could be attributable to the lower part
of the Upper Eocene. The transgressive episode repre-

sented by units 9-10 correlates with the marine ingres-

sion recognízed ín Veneto at the beginning of the

Priabonian stratotype.

Conclusions.

To clarify the stratigraphic position of the lower
part of the type-Priabonian we tentatively correlate

the nummulite zones with the planktonic foraminifera
and calcareous nannofossil zones. We have to stress
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teD- ) Biozonation of the Priabona section. Nummulite Zones
after Cita (1969); calcareous nannofossil Zones after Jossen
(1982) and Verhallen Ec Romein (1983); dinoflagellate ryst
Zones after Brinkhuis (1994)

Tab. 6 - Tentative correlation between nummulite biozonation and

calcareous nannofossilslplanktonic foraminifera biozona-
tions. Correlation between NP and P zones after Proto
Decima et al. (1975), Nocchi et al. (1986) and Parisi et al.
(1988). The base of the Priabonian could be traced (1) at

the base of the N, vaiohrius/insassatus Zone (:Pl4/P15
boundary) or (2) at the base of the N fakanii s.s. Zone
(:base of the rype-Priabonian); for the discussion see the
text.

that planktonic foraminifera and calcareous nannofos-
siis are normally uncommon in carbonate platform fa-

cies, so direct correlations between nummulite zones

and P/NP zones are difficult ro obtain.
According to Cavelier & Pomerol (1976) and

Aubry (1985, 1986), the Upper Barton Beds (top of the
type-Bartonian) belong to the NP17 Zone, whereas
the lowermost type-Priabonian sedirnents should
belong to the NP18 Zone. This interpretation is

agreed by Berggren et al. (1985) and Harland et al.
(1990), who also reported the Bartonian/Priabonian
boundary as corresponding to the Pi4-P15 rransirion
(=NP17/ NP18 boundary).

At Possagno, one of the hypostratofypes of the
Priabonian, both planktonic foraminifera and cal-
careous nannofossils are present, ailowing a direct cor-
relation between the two plankton scales: there the
P14/P15 boundary falls within the NP18 Zone (Proto
Decima et aL,7975, fig. 3) and does not correspond ro
the NPlZ/NP18 zonal boundary. More recently, Noc-
chi et al. (1986, fig. 1) and Parisi et al. (1988, fig. Z)

found the same correlation in different secrions from
central Italy.

Our proposal of correlation between nummulite
and P/NP zones relies on data from the type-section
of Priabona (Tab. s). Jossen (19sz) and Verhallen &
Romein (tfs:) found in Priabona only the NP19 (par-
tim)-NP20 biozones, but they could not analyze the
lowermost portion of the succession, which was as-

signed by Brinkhuis (1994) to the Mps Zone on the
basis of dinoflagellate cysts. In central Italy this zone

correlates with NP18 and NP19/20 (Brinkhuis &
Biffi, 1993), so we hypothesize that at least a part of
the NP18 Zone is present in the lowermost beds at
Priabona (Tab. e).

In Egypt, on the southern side of the Eocene

Tethys, a direct correlation between the nummulite
zones and P/NP zones has been reported by Strougo
(twz, tab. 1), who found the lowermost part of P15

Zone correlatable with the Nummulites ptukhiani
Zone. This correlation supports our interpretation, be-

cause the N. ptukbiani Zone here does not correspond
to the N. brongniarti Zone of Schaub (tlSt) but to the
N. aff. fabianii Zone (:N. aariolarius,/incrdssatus
Zone).

A careful srudy of the N. fabianii iineage at dif-
ferent levels of the Middle and Upper Eocene rs nee-

ded in order to obtain biostratigraphic informatrons,
which could improve the potentiality to distinguish
the N. fabianii s.s. Zone from the N. aariolarius./in-
crassatus Zone.

As pointed out by Strougo (1992), there are two
interpretations of the Priabonian Stage: one regards

the Priabonian sensu stricto, referring to the Priabona

Stages
Nummulite

Zones
(c[a,1S9)

Zones
uarcareous
Nannolossil

Zonès

Planktonic

Foraminifera
Zones

PRIAE}ONIAN

t2)

NP 21 P17

NP 19/20

P 1s

NP 18(1)l
incrcssatus

MIDDLEffiANE
(BARTONIAN or
"BtARRtTZtAN) N. brongniaii

P

NP 17
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stratotype, the other follows the Propositions of the
Colloque sur l'Éocène extending the Priabonian to the
N. aîf . fabianii Zone (:N. variolarius/incrasstus Zone).

According to these interpretations, the

Middle/Upper Eocene boundary could be traced

either at the base of the N. fabianii s.s. Zone or at the

base of the N. ,Lariolarius,/incrassatus Zone (Tab. 6).

Anyway, the type-section of Priabona is not suitable

for a GSSP, lacking the continuity with the underly-
ing Middle Eocene sediments; there the type-Pria-

bonian begins with the N. fabianii s.s. Zone and the

N. variolarius/incrassatus Zone ís missing. Conversely,

the succession is apparently continuous throughout
the Middle/Upper Eocene boundary in the Mossano

section, which is therefore a potential GSSP stratotype
for the base of the Priabonian.

Acb.nouledgenents.

The authors are greatly indebted to Prof. J. Serra-Kiel
(Barcelona Univ.), G. Less (Hungarian Geol. Surv.), J. Petrescu (Cluj

Univ.) and G. Bombita (Bucuresti Univ.), for the kind field assistance

and heipful discussions in Spain, Hungary and Romania respectively.

Thanks to Prof. L. Hottinger (Basel Univ.) for the heipfui debates in
R^-" l("^t"-hpr r99)l

Thanks are due to Prof. I. Premoli-Silva (Milano Univ.) and

Prof. K. Drobne (Ljubljana Univ.) for the critical rcading and the

useful advices for the improvement of the manuscript.
This research was financially supported by M.U.R.S.T. 60'l"

srant to A. Sirotti.

REFERENCES

Arni P. (1965) - L'évolution des Nurnrnulitinae en tant que

facteur de modification des dépots littorarx. Mém.

B.R.G.M., v. 32, pp.7-20, París.

Aubry M.-P. (1985) - Northwestern European Paleogene

magnetostratigraphy, biostratigraphy and paleogeogra-

phy: Calcareous nannofossil evidence. Geology, v. L3,

pp. 198-202, Boulder.
Aubry M.-P. (19s6) - Paleogene calcareous nannoplankton bi-

ostratigraphy of northwestern Europe. Palaeogeogr.,

Palaeoclimatol., Palaeoecol., v. 55, pp. 267-334, Amster-
dam.

Barbin V. (1986) Présence d'Aloeolina et d'Orbitolites
(Foraminifères) dans le Priabonien stratotypique (Vicen-

tin, Italie du Nord). 11*" Réun. (Ann.) Sc. Terre, Cler-

mont-Ferrdnd, Soc. Géol, Fr. éd., p. 10, Paris.

Barnolas A., Busquets P, & Serra-Kiel J. (1981) - Característi-

cas sedimentológicas de la terminación del ciclo marino

de1 Eoceno superior en el sector oriental de la Depre-

sión del Ebro (Catalunya, N.E. de Espafla). Acta Geol.

HiE., v. L6, n. 4, pp. 215-221, Barcelona.

Barnolas A., Samso J.M., Serra-Kiel J. & Tosquella J. (1985) -

The Sant Martí Xic deltaic-reef complex in the Py-

renean margin of the southern Pyrenean basin. 6th

Europ. Reg. Meeting I.A.S., Poster & Abstracts, pp. 504-

)u/. Lteloa.

Barnolas A., Samso J., Serra-Kiel J. Er Tosquella J. (1988) -

Estructura interna del sistema deposicional de Sant

Martí Xic. Geogaceta, v. 5, pp. 69-77,Madrid.
Beckmann J.P., Bolli H.M., Perch-Nielsen K., Proto Decima

F., Saunders J.B. & Toumarkine M. (1981) - Major cal-

careous nannofossil and foraminiferal events between

the Middle Eocene and Early Miocene. Palaeogeogr,,

Palaeoclimatol., Palaeoecol., v. 36, pp. 155-i90, Amster-
dam.

Berggren \1.A., Kent D.V. 6. Flynn J.J. (1985) - Jurassic to
Paleogene. Pt, 2, Paleogene geochronology and

chronostratigraphy. in Snelling N.J. (Ed.) - The

Chronology of the Geological Record. Blackwell Sc,

Publ., Geol, Soc. Mem., n" 10, pp. 141-1,95, Oxford.
Bombita G. (1964) - Observations et propositions concernant

la nouvelle division de l'Éocène. Mérn. B.R.G.M, v. 28.

n. 2, pp. 941-948, Paris.

Bombita G. (19s4) - Le Napocien, vingt ans après sa défini-
tion. Àez. PaLéobioL., v. 3, n. 2, pp.209-217, Genève.

Bombita G. & Moisescu V. (1968) - Données acruelles sur le
Nummulitique de Transylva,nte. Mérn. B.R.G.M., v. 58,

pp. 693-729, Paris.
Bosellini F.R., Luciani V., Russo A. Ec Sirotti A. (1988) -

Emendamenti alla stratigrafia paleogenica del Monte
Baldo (Alpi meridionali, Italia). Boll. Soc. Paleonr. Ital.,
v. 27, n. 3, pp. 361.-366, Modena.

Brinkhuis H. (1994) - Late Eocene to Early Oiigocene dino-
flagellate cysts from the Priabonian type-area (North-
east Italy): biostratigraphy and paleoenvironmental in-
terpretation. PaLaeoge ogr., Palaeoc LimatoL., Palaeoec ol., v.

107, pp. 121-163, Amsterdam.
Brinkhuis H. E Biffi U. (1993) - Dinoflagellate cyst stratigra-

phy of the Eocene/Oligocene transition in central Italy.
Mar, MicropaLeont., v. 22, pp. 131,-183, Amsterdam.

Ca"lmbach L. (1987) - Der Eocàne Golf von Igualada

(Katalonien) - Stratigraphie, Fazies und Microfauna der

marinen Sedimente. Tl:esls (unpublished), Univ. of
Basel.

Canudo J.L, Molina E., Riveline J., Serra-Kiel J. & Sucunza

M. (1988) - Les événements biostratigraphiques. de la
zone prépyrénéenne d'Aragon (Espagne), de l'Éocène

moyen à I'Oligocène inférieur. Rev. Micropaléont., v.

31, n. 1, pp. 15-29, Paris.

Carbone F., Stani G., Matteucci R., Schiavinotto F. & Russo

A. (1980) - Ricostruzione paleoambientale dell'affiora-
mento nummulitico di Capo Mortola (Liguria occiden-

tale). Ann. Unio. Ferrara, n.s., sez. D(, n. 6, supplem.,

pp. 237-268, Ferrara.

Castellarin A. & Cita M.B. (1969) - Étude de quelques coupes

priaboniennes dans le Monte Baldo (Prov. Verona et

Trento, Italie) et discussion des limites de l'6tage. Mém,

B.R.G.M., v. 69, pp. 119-143, Paris.

Cavelier C. & Pomerol C. (1976) - Les rapports entre le Bar-

tonien et le Priabonien. Incidence sur la position de ia

limite Éocène moyen-Éocè.re supérieur. Bull. Soc. Céol.

France, C.R., v. 18, n. 2, pp. 49-51,.Paris.

Cita M.B. (1969) - Le Paléocène et l'Éocène de I'Italie du

Nord' Mérn. B.R.G.M., v. 69, pp. 477-429,Paris.

Colloque sur l'Éocène (1969) - Propositions. Mérn. B.R.G.M,
v. 69, pp. 459-470,París.



M./U. Eocene boundary nummulite biozones 79

Cowie J.\ù1., Ziegler W., Boucot A.J., Basset M.G. S. Remane

J. (1986) - Guidelines and Starutes of the Inrernational
Commission on Stratigraphy. Cour. Forsch.-lnst. knch-
enberg, n. 83, pp. 1-14, Frankfurt a. M.

Fabiani R. (1915) - Ii Paleogene del Veneto. Mem. Ist. Geol.

Uni'u. Padova, v. 3, pp. 1-336, Padova.

Ferrer J. 0967) - Le Paléocène et l'Éocène des Cordillères
cótières de la Catalogne (Espagne). Ecl. Geol. Helo., v.
60, n. 2, pp. 567-575, BaseL.

Ferrer J. 0971.) - El Paleoceno y Eoceno del borde sur-orien-
tal de la depresión del Ebro (Cataluffa). Schweiz. Palae-

ont. Abh., v. 90, pp. 1-70, Basel.

Flùgel E. (1982) - Microfacies Analysis of Limestones. V. of
633 pp., Springer-Verlag, Berlin.

Frascari Ritondale Spano F. (1969) - Serie paleogeniche
nell'area pedemontana a Sud dell'altopiano di Asiago.
Mém. B.R.G.M, v. 69, pp. 173-181, Paris.

Garavello A. M. 6. Ungaro S. (1984) - Studio biostratigrafico
e paleoecologico della serie eocenica di Pradipaldo nella
zona pedemontana meridionale dell'altipiano di Asiago.
Geol. Romana, v.21, pp. 655-675, Roma.

Hallock P. & Glenn E.C. (1986) - Larger Foraminifera: A
Tool for Paleoenvironmental Analysis of Cenozoic
Carbonate Depositional Facies. Palaios, v. 1, n. 1, pp.
55-64, Tulsa.

Hardenbol J. (1968) - The "Priabonian" type section (a pre-
liminary note). Mém. B.R.G.M., v. 58, pp. 629-635,

Paris.

Harland V.8., Armstrong R,L., Cox A.V., Craig L.E., Smith
A.G. 6. Smith D.G. (1990) - A geologic time scale 1989.

Y. of 263 pp., Cambridge Univ. Press, Cambridge.
Hedberg H.D. (1976) - International Stratigraphic Guide. V.

of 200 pp., John \Wiley & Sons, New York.
Herb R. Ec Hekel H. (1973) - Biostratigraphy, variability and

facies relations of some Upper Eocene Nummulites
from Northern Italy. Ec!. {l:,;i. Hrlt., v.66, n.2, pp.
479-445, Basel.

Hottinger L., Lehmann R. & Schaub H. (1964) - Données
actuelles sur la biostratigraphie du nummulitique médi-
terranéen. Mém. B.R.G.M., v. 28, n. 2, pp. 611-652,

Paris.

Hottinger L. & Schaub H. (1960) - Zur Stufeneinteilung des

Paleocaens und des Eocaens. Einfiirung der Stufen ller-
dien und Biarritzien. EcL Geol. HeLo., v.53, n. 1, pp.
453-479, Ba.l'el.

Hortinger L., Schaub H. & Vonderschmitt L. (1956) - Ztr
Stratigraphie des Lutétien im Adour-Becken. Ecl. Geol.

Hel,t., v. 49, n. 2, pp. 453- 468, Basel.

Jenkins D.G. 6. Luterbacher H.P. (1992) - Paleogene stages

and their boundaries (Introductory remarks). N. /ú.
Geol. PaLàont. Abb., v. 786, n. 7-2, pp. 1-5, Stuttgart.

Jossen J.-4. (1982) - Les nannofossiles calcaires de Priabona.
Rev. PaléobioL, v. 1, n. 1, pp. 39-51, Genève.

Loeblich A.R.Jr. Er Tappan H. (1988) - Foraminiferal genera

and their classification. 2 v. of 970 pp. and 212 pp.,Yan
Nostrand Reinhold Co., New York.

Luciani V. (1989) - Stratigrafia sequenziale del Terziario nella
catena del Monte Baldo (provincie di Verona e Trento).
Mem. Sc. Geol. Univ. Padova, v. 41, pp. 263-357,

Padova.

Luciani V., Barbujani C. 6c Bosellini A. (19SS) - Facies e cicli
del Calcare di Nago (Eocene superiore, Trentino meri
diona.le). Ann. Unip, Ferrara, n.s., v. 1, n. 4, pp. 47-62,

Ferrara.
Marzo M., Mufioz J.A., Puigdefàbregas C. 6r Serra-Kiel J.

(1989) - The south pyrenean foreland basin - easrern

sector. Pars II E IV. Area of Igualada & area of Vic.
Int. Rep. Univ. Barcelona, pp. 3-8,30-43, Barcelona.

Mathelin J.-C. 6c Sztràkos K. (1993) - L'Eocène de Biarritz
(Pyrénées Atlantiques, S\l France). Stratigraphie et
paléoenvironnement. Monographie des foraminifères.
Cah. Micropaléont., n.s., v. 8, n. 1, pp. 5-181, Paris.

Munier-Chalmas E. 6. Lapparent A. de (1393) - Note sur la
nomenclature des terrains sédimentaires. BulL. Soc. Géol.

France, s.3, v.21, pp. 438-488, Paris.

Nocchi M., Parisi G., Monaco P., Monechi S., Madile M.,
Napoleone G., Ripepe M., Orlando M., Premoli Silva
I. 6r Bice D.M. (1986) - The Eocene-Oiigocene bound-
ary in the Umbrian pelagic sequences, Ita.ly. In Pomerol
C. & PremoliSilva I. (Eds.) - Terminal Eocene evenrs.

Deo. Palaeont. Strat., n. 9, pp. 25-40, Elsevier, Amster-
dam.

Papazzoni C.A. (1993) - Macroforaminiferi di piattaforma del

margine settentrionale deila Tetide al limite Eocene

medio-Eocene superiore. Ph. D. Thesb (unpublished), v.
o[ 240 pp., Modena.

Papazzoni C.A. (1994) - Macroforaminifera and paleoen-
vironments near the Middle-Upper Eocene boundary in
the Mossano section (Berici Mts., Yicenza, norrhern
Italy). In Matteucci R. et al. (Eds.) - Studies on Ecólogy
and Paleoecology of Benthic Communitìes. Boll. Soc.

Paleont. Ital., spec. v.2, pp.2A3-212, Modena.
Papazzom C.A. EÈ Sirotti A. (1993) - Stratigraphic occurrence

and evolution of Heterostegina reticulata Rùtimeyer,
1850 in the Mossano section (Middle-Upper Eocene,

Berici Mts., N Italy). Boll, Mw. Cip. St. Nat. Verona, v.
1,7 (1990), pp. 525-540, Verona.

Parisi G., Guerrera F., Madile M., Magnoni G., Monaco P.,
Monechi S. & Nocchi M. (1988) - Middle Eocene ro
Early Oligocene calcareous nannofossil and
foraminiferal biostratigraphy in the Monte Cagnero
section, Piobbico (Italy). In Premoli Silva I., Coccioni
R. Er Montanari A. (Eds.) - The Eocene-Oligocene
boundary in the Marche-Umbria basin (kaly). Int. Sub-

comrrt. Paleog. Strat., spec. publ., pp. 71.9-735, Ancona.
Piccoli G. &. De Zanche V. (1968) - Rapporti tra vulcanismo

e sedimentazione nel Paleogene del Veneto (Italia nor-
dorientale). XXII Int. Geol. Congr., v. 2, pp. 49-60,
Prague.

Piccoli G. Er Massari Degasperi G. (1968) - I molluschi dello
stratotipo del Priaboniano e il loro significato paleoe-

cologico. Ménl B.R.G.M., v. 58, pp.242-252,Paris.
Plaziat J.-C. (1981) - Late Cretaceous to Lare Eocene paiaeo-

geographic evolution of Southwestern Europe. Palaeo-
geogr., Pdldeoclimatol., Palaeoecol., v. 36, pp, 263-320,

Amsterdam.
Pomerol C. (1964) - Le Bartonien du bassin de Paris: inter-

prétation stratigraphique et essai de corrélation avec le
bassin de Belgique et du Hampshire. Métn. B.R.G.M., v.
28, n. 1, pp. 153-168, Paris.



80 C. A. Papazzoni & A. Sirotti

Proto Decima F., Roth P.H. Et Todesco L. (1975) - Nanno-
plancton Calcareo del Paleocene e dell'Eocene della

Sezione di Possagno. Scbweiz. Palaeont, Abb., v.97, pp.

J5-)). basel.

Roveda V. (1961) - Contributo allo studio di alcuni macro-

foraminiferi di Priabona. Riv. It, Pabont. Strat.. v. 67.

n. 2, pp. 153-224, Milano.
Salvador A. (1994) - International Stratigraphic Guide: A

Guide to Stratigraphic Classification, Terminology, and

Procedure (2"" edition). Y. of 220 pp., GSA E IUGS,
Boulder.

Schaub H. (1968) - A propos de quelques étages du Paléocène

et de l'Éocène du bassin de Paris et leur corrélation
avec les étages de la Téthys. Mérn, B.R.G.M., v. 58, pp.

643-653, Parrs.

Schaub H. (1981) - Nummulites et Assilines de la Téthys
Paléogène. Taxinomie, phylogénèse et biostratigraphie.

Schweiz. Palaeont. Abb",v.104-106, pp. 1-236, Basel.

Schweighauser J. (1953) - Mikropalàontologische und strati-
graphische Untersuchungen im Paleocaen und Eocaen

des Vicentin (Norditalien). Scbweiz, Palaeont. Abh., v.
70, pp. 1-97, Basel.

Serra-Kiel J. 6c Reguant S. (1984) - Paleoecological conditions
and morphological variation in monospecific banls of
Nummulites: an example. Benthos '83; 2"d Int. Symp.

Bentbic Foraminifera (Pau, April 1983), pp. 557-563, Pau
& Bordeaux.

Serra-Kiel J. & Reguant S. (1991) - Biofaciès de plate-forme

ap hotique silico-clas tique av ec b ry ozo aires et sp on gi aires

(Éocène moyen, secteur oriental du bassin sud-Py.
rénéen). Géobios, v. 24, n.1, pp. 33-40, Lyon.

Setiawan J.R. (1983) - Foraminifera and microfacies of the
rype Priabonian. Utrecht Micropaleont. Bull., v. 29, pp.
1-161, Utrecht.

Sirotti A. (1978) - Discocyclinidae from the Priabonian type-
section (Lessini Mountains, Yicenza, Northern Italy).
Boll. Soc. Paleont. Ital., v. 77, n. 1, pp. 49-67, Modena.

Strougo A. (1992) - The Middle Eocene/Upper Eocene transi-
tion in Erypt reconsidered. N. Jb. Geol. Palàont. Abh.,
v. 186, n. l-2, pp.71-89, Stuttgart.

Ungaro S. (1969) - Étude micropaléontologique er srrari
graphique de l'Éocène supérieur (Priabonien) de Mos-

sano (Colli Berici). Mém. B,R.G.M., v. 69, pp. 267-280,
Paris.

Ungaro S. & Garavello A. (1989) - Biostratigrafia e paleoam-

bienti del Paleogene nella zona pedemontana meri-
dionale dell'altipiano di Asiago (Vicenza). Atti 3" Simp.

Ecol. Paleoecol, Com, Bent., pp.7fi-8A1, Catania.
Verhallen PJ.J.M. 6c Romein A.J.T. (1983) - Calcareous nan-

nofossils from the Priabonian stratotype and correia-
tioru with the parastratotypes. Utrecbt Micropaleont.
Bull., v. 29, pp. 163-173, Utrecht.

Ililson J.L. (1975) - Carbonate Facies in Geologic History.
Y. of. 471 pp., Springer-Verlag, New York.

Received Nopemhr 2, 1994; accepted April 19, 1995


