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ABSTRACT - A multidisciplinary study including sequence stratigraphy, biostratigraphy, paleoecology and paleoclimatology was
performed on Lower Miocene carbonate sedimentary rocks, the “Pietra da Cantoni Group™ within which two depositional sequences
bound by discontinuity surfaces were recognized.

Sequence 1 consists of bioturbated inner-middle shelf packstones and wackestones (lower Burdigalian), resting unconformably on
the silty slope facies sediments of the Marne di Antognola Fm. In this sequence the benthic foraminiferal assemblages, dominated by
epifaunal and epiphytic taxa, indicate a well-oxygenated substratum within the photic zone. Climatic indices, among the planktonic
foraminifera, suggest cool-temperate climate conditions. These sediments likely record the Burdigalian transgression at the beginning
of the TB2 supercycle, as defined by Haq et al. (1987).

Sequence 2 includes two superimposed units. The lower unit (upper Burdigalian) consists of rhodalgal rudstones and packstones of
shelf environment with a mobile substrate and well-oxygenated water, rich in benthic foraminifera and Corallinaceae, deposited in
warm-temperate conditions. A drowning unconformity surface bounds this unit from the second and reflects a relative sea-level rise that
could be correlated with the maximum flooding surface within the cycle TB2.2.

The upper unit (upper Burdigalian-lower Langhian) consists of foraminifera and glaucony-rich packstones ranging from inner
shelf environment, characterized by epiphytic foraminifera and Miogypsinids, to outer shelf environment suggested by the increase of
planktonic, of benthic deep-water taxa and rhodoliths, deposited in warm-temperate conditions.

This succession grades upward to upper Langhian-lower Serravallian planktonic foraminifer-rich marls of the Mincengo Fm. .

Deposition of the carbonate sediments of the Sequence 2 is linked to the combined effect of: (1) tectonic reorganization of the basin;
(2) sea level oscillations; (3) upwelling of nutrient-rich waters; (4) increase of trophic resources connected to increasing erosion of
uplifted alpine relieves, favoring the development of “temperate-type” rhodalgal-foramol facies, similar to the coeval carbonate
deposits reported in many places of the Mediterranean area.

RIASSUNTO - [Evoluzione della Piattaforma Carbonatica miocenica del Monferrato (Italia nord-occidentale)] - Una ben nota
successione di rocce sedimentarie carbonatiche del Miocene inferiore ampiamente affiorante nel Monferrato orientale (Italia nord-
occidentale), il “Gruppo della Pietra da Cantoni”, & stato studiato con un approccio multidisciplinare che comprende la stratigrafia
sequenziale, la biostratigrafia, la paleoecologia e la paleoclimatologia. All’interno del “Gruppo della Pietra da Cantoni”’, che comprende
la facies classica citata in letteratura, sono state riconosciute due sequenze deposizionali, limitate da superfici di discontinuita. Vengono
illustrate le due sezioni pit complete (Colma e Rosignano Monferrato, Alessandria), in cui sono rappresentate tutte le litofacies
caratteristiche, oltre alle unita litostratigrafiche sottostante (Formazione delle Marne di Antognola) e soprastante (Formazione delle
Marne di Mincengo).

La Sequenza 1 é stata riconosciuta unicamente nella sezione di Rosignano Monferrato ed € costituita da packstones e wackestones
bioturbate di piattaforma interna del Burdigaliano inferiore che poggiano talora in discordanza sui sedimenti siltosi della Formazione
delle Marne di Antognola, deposti in ambiente di scarpata. Le associazioni a foraminiferi bentonici, dominate da taxa epifaunali ed
epifitici, indicano un ambiente deposizionale ben ossigenato compreso nella zona fotica. | dati paleoclimatici sono basati su indici
appartenenti ai foraminiferi planctonici ed evidenziano un clima temperato-fresco. E verosimile che questi sedimenti registrino la
trasgressione burdigaliana all’inizio del superciclo TB2 definito da Hag et al. (1987).

La Sequenza 2 € costituita da 2 unita sovrapposte. L’unita inferiore, del Burdigaliano superiore, € rappresentata da rudstones e
packstones deposti in ambiente di piattaforma su un substrato mobile e con acque ben ossigenate in cui prosperavano foraminiferi
epifiti ed alghe corallinacee, in condizioni climatiche temperato-calde. Questa unita & separate dalla successiva da una superficie di
“annegamento” paraconcordante (drowning unconformity) che testimonia un sollevamento relativo del livello marino e che puo essere
correlata con la superficie di massima trasgressione all’interno del ciclo TB2.2.

L’unita superiore della Sequenza 2 (Burdigaliano superiore-Langhiano inferiore) é costituita da packstones a foraminiferi e
glauconite corrispondenti ad un ambiente deposizionale esteso tra la piattaforma interna, come indicano i foraminiferi epifiti e i
macroforaminiferi, e la piattaforma esterna, come suggerisce I’incremento dei foraminiferi planctonici, di taxa bentonici indicatori di
profondita maggiore e le rodoliti, deposte in condizioni climatiche temperato-calde.

La successione passa alla Formazione delle Marne di Mincengo ricche di foraminiferi planctonici, riferite al Langhiano superiore-
Serravalliano inferiore.
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La biostratigrafia & basata sullo studio integrato di nannofossili calcarei, foraminiferi planctonici e macroforaminiferi (Miogypsina
e Lepidocyclina). Le indicazioni paleoecologiche e paleoclimatiche si riferiscono soprattutto rispettivamente ai foraminiferi bentonici e

ai foraminiferi planctonici.

Sulla base dei dati di terreno, delle analisi micropaleontologiche e dello studio delle microbiofacies é stata interpretata la genesi e
I’evoluzione della successione carbonatica, contribuendo cosi a completare il quadro dell’evoluzione tettonica dell’area. La deposizione
dei sedimenti carbonatici del “Gruppo della Pietra da Cantoni” ¢ messa in relazione all’effetto concomitante di vari fattori che hanno
favorito lo sviluppo di facies di foramol-rhodalgal di tipo temperato, simili ai depositi carbonatici coevi descritti in numerose successioni

stratigrafiche dell’area mediterranea.

Tra i fattori che hanno contribuito alla deposizione e all’ evoluzione di questi sedimenti carbonatici alcuni sono stati attivi solo a
scala locale, altri a scala globale: (1) eventi tettonici del bacino; (2) oscillazioni del livello marino legate all’eustatismo; (3) instaurazione
di correnti di upwelling ricche di nutrienti; (4) aumento delle risorse trofiche connesse con I’incremento dell’erosione dei rilievi alpini

in via di sollevamento.

INTRODUCTION

Interest in temperate shelf carbonates has
significantly increased during the last decade (e.g.
Nelson, 1988; James & Clarke, 1997). Many works
have focused attention on the Mediterranean region,
which is a key area for the study of this type of
carbonate facies developed during the Tertiary and
controlled by climatic changes, relative sea-level
fluctuations, tectonics and evolution of fauna and flora.
Lower Miocene carbonate deposits are largely spread
around the Mediterranean and have been described from
North Africa, Malta, Sicily, Sardinia, Central and
Southern Apennines (Simone & Carannante, 1988;
Carannante et al., 1988; Raymo, 1994; Carannante &
Simone, 1996; Esteban, 1996; Pedley, 1996; Mutti et
al., 1997; Cherchi et al., 2000; Murru et al., 2002). A
few studies are published (Amorosi, 1997) or in
progress on the Northern Apennines. In particular,
temperate carbonate shelves of Early Miocene age are
known from NW ltaly; they crop out in the southern
sector of the Tertiary Piedmont basin (Visone Fm.,
Franceschetti, 1967; d’Atri 1990a) and in the
Monferrato domain, the focus of this study, where they
are known as the Pietra da Cantoni (PdC).

Since the last century, the PdC has been the object
of detailed paleontological studies (e.g. Sacco, 1890;
Parona, 1916; Socin, 1954; Bonsignore et al., 1969).
More recent works have been devoted to the
paleogeographic interpretation of the PdC sediments
(Schiuttenhelm, 1976) and to their sequential
organization (Falletti, 1994).

Further studies still in progress indicate an extremely
heterogeneous succession of lithofacies with abundant
lateral variations, more evident than in original
description (Dela Pierre et al., 1998). The whole
succession of lithofacies has therefore been informally
defined as the “Pietra da Cantoni Group” (Polino et al.,
1995), characterized by a highly complex depositional
setting (Clari et al., 1995b) including some hiatuses,
even of wide extension. The easternmost part of the
Eastern Monferrato is characterized by carbonate
sediments of the “PdC Gr.” deposited on a structural
high. Two sections in particular show good outcrops
of this carbonate lithofacies: Rosignano and Colma (Fig.
1). These sections have already been described in recent
papers, such as Bicchi (1998) and Bicchi et al. (1997,
1999, 2003), and the rhodolithic levels of Colma have

been studied by Vannucci et al. (1996). In the present
work the “PdC Gr.” has been carefully reexamined with
a multidisciplinary approach integrating from one hand
biostratigraphy, paleoecology and paleoclimatology and
from the other sedimentology and sequence
stratigraphy.
The main purposes of this research are:
1.to correlate the various lithotypes of the carbonate
succession, to establish the time interval involved,
and to identify possible hiatuses by means of
integrated biostratigraphy (calcareous nannofossils,
planktonic and larger foraminifera);

2.to integrate the litho- and biostratigraphy with
sequence stratigraphy analysis;

3.to evaluate paleoclimatic evolution using as climatic
indices planktonic foraminifera and temperature-
related benthic organisms.

The results of our integrated approach provide new
data for the interpretation of the paleoenvironmental
evolution of the Early Miocene carbonates of the
Eastern Monferrato and allow to compare them with
similar settings known in other areas of the
Mediterranean.

GEOLOGICAL FRAMEWORK

The Monferrato is a part of the Tertiary Piedmont
Basin and characterized by a mainly terrigenous Eocene-
Miocene succession unconformably resting on Upper
Cretaceous and Eocene Ligurian Flysch deposits (Clari
et al., 1995b). The kilometer-wide Rio Freddo
transpressional deformation zone (R.F.D.Z.) separates
this area from the adjoining Torino Hill domain (Piana
& Polino, 1995).
Some authors in recent stratigraphic and structural
works on Monferrato (Clari et al., 1995a; Piana, 2000;
Dela Pierre et al., 2003) distinguished two
tectonostratigraphic units (Fig. 1):
1.Western Monferrato consisting of Oligocene to
Miocene terrigenous sediments deposited both in
strongly subsiding marine basins and on structural
highs;

2.Eastern Monferrato consisting of Oligocene to
Aquitanian deep water terrigenous sediments
unconformably overlain by Early to Middle Miocene
shelf carbonate sediments of the “Pietra da Cantoni
Group”. The basal unconformity of these deposits
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Fig. 1 - Structural sketch map of northwestern Italy.

I.L. - Insubric Line; S.V.L. - Sestri-Voltaggio Line; V.V.L. -
Villalvernia-Varzi Line; WM - Western Monferrato; EM - Eastern
Monferrato; R.F.D.Z. - Rio Freddo Deformation Zone; AM -
Alto Monferrato; BG - Borbera Grue; (*) Location of the
sections. (From Bigi et al., 1990, Structural model of Italy,
modified).

reflects the Burdigalian tectonic phase that affected
the whole Apenninic belt (e.g. Boccaletti et al., 1990;
Falletti et al., 1995).

In Eastern Monferrato, the “PdC Gr.” generally
consists of rhodolith-rich packstones, rudstones and
floatstones and of planktonic foraminifera and
glaucony-rich packstones. Vertical and lateral
relationships among the different lithofacies clearly
depict a westward deepening of the depositional
environment and a general deepening upward trend as
indicated by more distal calcareous and siliceous marl
deposits.

Both in the Eastern and Western Monferrato, the
succession ends with Langhian to Serravallian deposits
of the Marne di Mincengo Fm. (Clari et al., 1995b),
followed by Tortonian slope sediments of the Marne di
S.Agata Fossili Fm. and finally by Messinian chaotic
complex including evaporites (Dela Pierre et al., 2003).

MATERIALS AND METHODS

Field observations on the lithologic and
sedimentologic features of the depositional facies were
carried on and numerous samples, collected from
lithified and loose lithofacies, were analyzed. Detailed
microfacies and paleontological analyses were carried
out on 60 samples collected in the finer fraction of the
various lithofacies. Thin section analysis was performed

for numerous samples from lithified facies for
describing the textures and biotic content.

Biostratigraphic data are based on nannofossils,
planktonic and larger foraminifera assemblages of
disaggregated samples. For calcareous nannofossil
analyses, smear slides were mounted. No centrifugation
was applied to concentrate the biogenic fraction in order
to retain the original composition of the nannofossil
assemblage. Semi-quantitative analyses were performed
with a light microscope at 1250x magnification and
counting at least 300 specimens per sample (Rio et al.,
1990). Additional counts of at least 100 specimens were
made for the genera Helicosphaera and Discoaster.

For the study of smaller foraminifera, 300 g of each
sample were disaggregated with oxygen peroxide (120
vol.); fractions washed through 125 and 63 um sieves
were examined. When possible 150 specimens were
counted both for benthic and planktonic foraminifera
in the fraction coarser than 125 um for quantitative
analysis.

For paleoclimatic purposes, the planktonic
foraminifera were subdivided into warm and warm-
temperate, cool and cool-temperate taxa, according to
Spezzaferri (1995), Novaretti & Bicchi (1996), Bicchi
et al. (2000, 2003). Their relative abundance is
represented in percentage curves.

Quantitative analyses on benthic foraminifera were
performed for paleoenvironmental reconstructions (cfr.
Murray, 1991; Sgarrella & Moncharmont, 1993; Violanti
et al., 1999; Russo et al., 2002). The following
parameters were considered: Fisher index (4, according
to Murray, 1973), infaunal/epifaunal ratio (I/E);
frequency curves of the most significant taxa and also
planktonic foraminifera percentage (P%). Furthermore
a Q-mode Cluster analysis, implemented using City-
block (Manhattan) as the similarity coefficient and
complete linkage as the clustering technique, was
performed on benthic assemblages.

Larger foraminifera were separated from the coarser
fraction (> 0.5 mm). The analysis focused on
Miogypsinids and Lepidocyclinids. Each specimen was
sectioned and studied in equatorial plane. Biometry of
parameters pertinent to the embryo and to the nepionic
protoconchal spirals was performed in order to define
the taxonomy of each population, according to Drooger
(1954, 1956), Matteucci & Schiavinotto (1977),
Wildenborg (1991), Maia (1997). The determination,
according to Maia (1996), was based on the
comparison of the parameters of each population with
the corresponding values for taxonomic units recorded
in literature using Student’s “t” test, on the analysis of
variance and discriminant analyses.

RESULTS
DEPOSITIONAL SEQUENCES AND MICROFACIES ANALYSES

The “PdC Gr.” is subdivided into two sequences,
defined as depositional units bounded by discontinuity
surfaces, according to Clari et al. (1995a). The
considered sedimentary succession consists of the
uppermost part of the Marne di Antognola Fm., grey
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terrigenous marls, the overlying sediments of “PdC Gr.”
and the basal part of the following Marne di Mincengo
Fm.. The Marne di Antognola Fm.- “PdC Gr.”
boundary is not visible both at Rosignano (Fig. 2) and
Colma (Fig. 3) sections, but the distinct facies change

between the fine-grained siliciclastic sediments and the
overlying carbonatic sediments suggests an important
discontinuity surface. The conctact with the sediments
of the Marne di Mincengo Fm., exposed in the Colma

section, is also covered.
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The two studied sections show the following
sedimentary succession: in the Rosignano section (Fig.
2), about 28 m thick, a small outcrop of the upper part
of the Marne di Antognola Fm. is followed, after 5
meters not exposed, by the “PdC Gr.”, where three
main lithofacies have been recognized: (1) burrowed,
yellowish packstones and wackestones (Sequence 1);
(2) whitish rhodolithic packstones, rudstones and
floatstones and (3) planktonic foraminifera and
glaucony-rich packstones (Sequence 2) (Bicchi et al.,
1997, 1999; Bicchi, 1998). In the Colma section (Fig.
3), about 42 m thick, the “PdC Gr.” consists only of
the two lithofacies (2 and 3) of Sequence 2: the
lithofacies 1 is not present and the rhodolithic sediments
(lithofacies 2) pass upward to the planktonic
foraminifera and glaucony-rich packstones (lithofacies
3) through a packed phosphatized layer. The whitish
marls belonging to the Marne di Mincengo Fm. overlie
the “PdC Gr.” in this section.

Sequence 1 - This sequence is present only at
Rosignano (Fig. 4A, Figs. 5A-C). It consists of at least
6 m of the yellowish wackestones and packstones with
scattered rhodoliths (lithofacies 1). Large firm-ground
burrows belonging to the ichnogenus Thalassinoides
can be recognized. Fossil content (Figs. 6A-B) consists
of larger foraminifera (Miogypsina, Operculina),
Corallinaceae and bryozoans fragments, echinoid plates
and spines, scattered planktonic foraminifera. A
terrigenous fraction, consisting of quartz grains,
fragments of metamorphic rocks and white mica flakes
is also present, together with glauconitic and phosphatic
grains. Thick lenticular bodies, observed in the
uppermost part of this sequence, are considered as
storm layers. They consist of mollusk-bearing rudstones

with scattered rounded extrabasinal clasts of millimetric
size (mainly serpentinites), grading to yellowish
packstones with low angle cross stratification
interpreted as hummocky cross stratification. The fossil
content of samples 3251, 3252, 3253 (Fig. 6C) consists
of abundant coralline algae, bryozoans and echinoid
fragments, larger foraminifera (Miogypsina,
Operculina), unidentified bivalve fragments and rare
planktonic and benthic foraminifera.

The boundary between this sequence and Sequence
2 (lithofacies 2 and 3) is well exposed and consists of
a flat, complex, polygenic discontinuity surface (ds)
sensu Clari et al. (1995a). Under this surface a 30 cm
thick cemented horizon, with the same paleontologic
content as the underlying sediments (wackestones and
packstones), is locally visible (Fig. 5A), sometimes cut
by centimetric-wide neptunian dykes (Fig. 7) filled with
whitish bioclastic sediments. The discontinuity surface
is also underlined by a slight angular unconformity and
cuts the topmost burrows and conjugate sets of
fractures affecting the underlying sediments (Fig. 5B).

In the Colma section (Fig. 4B) the Sequence 1 is
lacking; an angular unconformity between the Marne
di Antognola Fm. and carbonates of Sequence 2 was
observed in the past under more favorable conditions
of exposure and actually is inferred on the basis of
regional evidence (Ferrero, unpublished data). In this
section the Marne di Antognola Fm. is Oligocene in
age (see chapters Biostratigraphy and Interpretation of
the data). The discontinuity and angular unconformity
between “PdC Gr.” and Marne di Antognola of
Aguitanian age is also well documented in adjacent
areas, such as the Terruggia section (Falletti, 1994;
Bicchi et al., 2003), where the Sequence 1 is totally
lacking.

Fig. 4 - Outcrops of the studied sections and lithological details. A. Outcrop of the lower part of the Rosignano section; B. Outcrop of
Colma section; C. Colma, lower unit, whitish bioclastic packstones and rudstones with large-scale stratification.
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Fig. 5 - Lithological details of the studied sections. A. Rosignano, poligenic discontinuity surface (ds) between Sequence 1 and Sequence
2; B. Rosignano, Sequence 1, bioturbation structures sharply cut by the discontinuity surface; C. Rosignano, Sequence 1, yellowish
packstones and wackestones with burrows and lag deposit at the base of Sequence 2. D. Colma, rhodolith-rich layer between lower and
upper units.

Sequence 2 - Sequence 2 is thicker than Sequence
1 (at least 16-17 m at Rosignano, more than 25 m at
Colma) and is subdivided into two units.

The lower unit is exposed for 12-16 meters and
consists of whitish bioclastic packstones, rudstones
and floatstones (Fig. 4C), locally showing large-scale
cross stratifications and containing abundant
Corallinaceae, larger foraminifera (Miogypsina,
Nephrolepidina, Operculina), echinoid spines,
fragments of bivalves, bryozoa, balanids and rare
planktonic foraminifera (lithofacies 2), (Fig. 6D). The
Corallinaceae form large rhodoliths that are scattered
in the lower part and packed in the upper one. The
inorganic fraction is subordinate and consists of quartz
grains and mica flakes.

The base of the lower unit in the Rosignano section
locally shows a lag deposit formed by rudstones with
packed abraded and disarticulated bivalve tests (among
which Flabellipecten burdigalensis), scattered large
rhodoliths and rounded to angular clasts of older
sediments (mainly Ligurian Flysch), as observed in
sample 3263 (Fig. 5C). Large burrows filled by the
overlying glaucony-rich packstones affect the lag
deposit as well as the underlying sediments (samples
3260, 3261) of the Sequence 1. The matrix of this level
(samples 3259, 3264) is sand-sized bioclastic debris

of bivalves, larger foraminifera and bryozoa, with
planktonic foraminifera. Glaucony and phosphates are
present as single grains or as partial filling of the
planktonic foraminifera and of the conceptacles of
Corallinaceae (Fig. 6E).

The upper unit consists of completely bioturbated,
glaucony-rich packstones (lithofacies 3). At Rosignano
the transition between the lower and the upper unit is
not exposed, neither the topmost part of the upper unit
is present. At Colma a 10-30 cm thick rhodolith-rich
layer separates the lower from the upper unit (Fig. 5D).
Sediments of the upper unit contain also coralline algae,
echinoid fragments, larger and planktonic foraminifera,
these last increasing upwards in percentage (samples
3267, 3268). At Colma, the skeletal grains are only
planktonic foraminifera, whose tests are frequently filled
by glaucony (Fig. 6F). No clear sedimentary structure
was observed in these sediments, with the exception
of badly preserved parallel laminae in the Colma section.

The boundary with the overlying whitish Marne di
Mincengo Fm. is poorly exposed only at Colma.

BIOSTRATIGRAPHY

The standard zonation scheme of Martini (1971) is
adopted for calcareous nannofossils (CN) of the



8 Bollettino della Societa Paleontologica Italiana, 45 (2), 2006

Fig. 6 - Microfacies of the sediments of the Pietra da Cantoni Group. Scale bar = 1 mm. A. Rosignano, Sequence 1, sample 3250:
wackestone with scattered planktonic foraminifera (pf). An abundant terrigenous fraction is also recognizable; B. Rosignano, Sequence
1, sample 3249: bioclastic packstone with (m) larger foraminifera (Miogypsina socini), bivalves (bi), bryozoa (b) and scattered coralline
algae (c). Some glaucony (g) grains are also recognizable; C. Rosignano, Sequence 1, sample 3253: bioclastic rudstone with abundant
coralline algae (c), bryozoa fragments (b) and scattered benthic foraminifera; D. Rosignano, Sequence 2, lower unit, sample 3258:
bioclastic rudstone with oblique section of Nephrolepidina tournoueri (n), coralline algae (c) and scattered smaller foraminifera (f); E.
Colma, Sequence 2, rhodolith-rich layer at the top of the lower unit, sample 3259: bioclastic rudstone including a large algal nodule
(Sporolithon sp.); F .Colma, Sequence 2, upper unit, sample 3265: planktonic foraminifera (pf) and glaucony (g) rich packstone. Rare
quartz grains are visible.

Oligocene; the scheme proposed for Mediterranean area
by Fornaciari & Rio (1996); Fornaciari et al. (1996,
1997) is adopted for the Miocene. (Fig. 8; Tabs. 1-2).

For planktonic foraminifera (PF), the zonal scheme
of Mancin et al. (2003) has been used. It considers
and partially modifies the regional schemes, proposed
over the years for the Mediterranean area (Cati et al.,
1968; Molina, 1979; laccarino & Salvatorini, 1982;

laccarino, 1985; laccarino et al., 2001; Sprovieri et
al., 2002). These are in fact scarcely applicable as a
consequence of the marked bioprovinciality of the
Monferrato area (Bicchi et al., 1994; Novaretti et al.,
1995; Bicchi, 1998; Mancin et al., 2003).

For larger foraminifera the scheme of Maia (1997),
based on the assemblages of the Torino Hill and
Monferrato area (Ferrero et al., 1994), was adopted.
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Fig. 7 - Centimetric-wide neptunian dyke of cutting the top of
Sequence 1, filled with whitish sediments of Sequence 2,
Rosignano. Similar structures were observed in thin section of
sample 3254.

Four biozones were distinguished in this scheme:

1. Miogypsina gunteri/M. gunteri-tani Zone (late
Aquitanian-early Burdigalian), defined by the FO of
M. gunteri at the base and by the LO of M. gunteri-
tani at the top.

2. M. tani/M. socini Zone (early Burdigalian-basal late
Burdigalian), defined by the FO of M. tani or M.
socini at the base and by the FO of at least one of
the index species of the next biozone (M. globulina,
Miolepidocyclina burdigalensis and /or MI. negrii)
at the top.

3. M. globulina/Miolepidocyclina spp. Zone (late
Burdigalian p.p.), defined by the FO of at least one
of the following species: M. globulina, MI.
burdigalensis or MI. negrii; the top is represented
by the FO of M. globulina-intermedia.

4. M. globulina-intermedia/M. intermedia Zone (late
Burdigalian p.p.), defined by the FO of M. globulina-
intermedia at the base and by the LO of M.
intermedia at the top.

The integrated biostratigraphy (Fig. 8) compares
calcareous nannofossils, planktonic foraminifera and
larger foraminifera.

Biostratigraphic data based on planktonic
foraminifera and larger foraminifera are often more
reliable than calcareous nannofossil data because in the
studied sections there are some intervals with
assemblages barren or devoid of significant taxa of CN.
Moreover biostratigraphic indications of PF and larger
foraminifera are consistent both between themselves
and with data from other stratigraphic successions, i.e
NW lItaly and Northern Apennines, (Bicchi et al., 1994;
Novaretti et al., 1995; Bicchi, 1998; Mancin et al.,
2003). For this reason the age of the successions,
comprised in the time interval from latest Oligocene to
Middle Miocene (Figs. 2-3; Tabs. 3-4), is in this study
assigned on the basis of PF and larger foraminifera
indications.

Significant data are provided for the Marne di
Antognola Fm. by PF assemblage (Zone IFP22) and

by CN assemblage (Subzone NP25b), both indicative
of Late Oligocene.

CN assemblages of samples from Sequence 1 of
“PdC Gr.” are not significant, but could tentatively be
referred to the Zone MNN1; the PF assemblages are
clearly referable to the Zone IFN2/IFN3; larger
foraminifera indicate the Miogypsina tani/M. socini
Zone. These records are indicative of an early
Burdigalian age (Fig. 8).

The sediments of the lower unit of Sequence 2,
barren of CN, contain PF assemblages indicating the
Subzone IFN4a. The larger foraminiferal populations
identify the Miogypsina globulina/Miolepidocyclina
spp. and M. globulina-intermedia/M. intermedia Zones.
These data indicate a late Burdigalian age (Fig. 8).

In samples from the upper unit of Sequence 2 the
CN assemblages at Colma indicate the Subzones
MNN2b, MNN3a and MNN3b (Fig. 3). At Rosignano,
the poor preservation of nannofossils prevents a further
specification within the Zone MNNZ2, indicating a lower-
middle part of Burdigalian. In both the Rosignano and
Colma sections (Figs. 2-3) the PF assemblages point
to Subzones IFN4a and IFN4b; the Zone IFN5 has
been detected only at the top of the upper unit of Colma.
Larger foraminifera, present at Rosignano up to sample
3177, indicate the Miogypsina globulina-intermedia/
M. intermedia Zone, whereas at Colma they are absent.
On the basis of the foraminiferal assemblages, in
contrast with the nannofossil assemblages indicating a
lower-middle part of Burdigalian, the upper unit is
referred to late Burdigalian-early Langhian.

At the base of the Marne di Mincengo Fm. (Fig. 3),
the PF assemblage indicates the Subzone IFNGa,
referable to the Late Langhian, while the CN assemblage
indicates the biozone MNNG6b, corresponding to a
Serravallian age. (Fig. 8).

Biozones
Samples
Preservation
Abundance
Reworked (Cretaceous-Paleogens)

=

& MTE|VP| R R RR F
] 378 |WP| R R AR F
< 3T |VP| R R RR R

B0 |VP| R RR_RR RR

a1az B

3183 B

3184 B
_ 3185 B
g |318e B
§ 3187 B

3188 B

3189 B

3190 SB R
- 2009 |VP| R |RR RR RR RR
) 3192 |VP| R |RR RR RR RR
= 34| M| R R RR RR RR
-;: 287 | GICI R E F RR A

MNP25B| 3266 | G| A|JC R €C ©C F C € R C R R

Tab. 1 - Range chart of calcareous nannofossils of Rosignano
section. VP - very poor; M - medium; G - good; B - barren; SB
- semibarren; RR - very rare; R - rare; F - frequent; C - common;
A - abundant.
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Tab. 2 - Range chart of calcareous nannofossils of Colma section. Abbreviations as in Tab. 1.

Comparing the nannofossil and the foraminiferal data
some discrepancies arise. In the upper unit, in fact, the
boundary between the Subzones IFN4a and IFN4b of
planktonic foraminifera falls within an interval where
the CN assemblages indicate the Zone MNNZ2 and more
precisely, in the Colma section, the Subzone MNN2b
(Figs. 2-3).

The poor preservation, the discontinuous and scarce
occurrence of CN assemblages (Tab. 1), due to
unfavorable depositional conditions, may explain that
the upper unit age, based on CN assemblages, seems
older than the age based on planktonic foraminifers
(Fig. 8).

A more crucial discrepancy between the
nannofossils and the foraminifera data is observed in
the Marne di Mincengo Fm. On the basis of the PF
assemblage the basal part of the formation, outcropping
in the Colma section, has been referred to the Subzone
IFN6a p. p., corresponding to a Langhian age. The CN
assemblage on the contrary, on the basis of the presence
of large (10-12 pum) Reticulofenestra pseudoumbilicus,
concomitant with the noteworthy absence of
Sphenolithus heteromorphus, indicates the subzone
MNNG6b (defined at the base by the LO of Sphenolithus

heteromorphus), corresponding to a Serravallian age
(cfr. Berggren et al., 1995; Rio et al., 1997). Orbulina
universa FO, indicating the upper limit of IFN6a
Subzone, occurs 5 meters over the last sample (3167,
see Fig. 3) of Colma section analysed in the present
work (Bicchi et al., 1999; 2003). It is here remarked a
stratigraphic inversion of the two bioevents, O. universa
FO and S. heteromorphus LO, generally recorded at
base of Serravallian stratotype. This fact has already
been noted in the Gargano and Tremiti Miocene
sediments (Casolari et al., 2000 as well as Negri,
unpublished data) and in the Middle Miocene turbiditic
succession of the Umbria-Marche (Luchetti et al.,
2002).

The Authors point out that the CN assemblages data,
contradictory in respect to the foraminiferal
assemblages data, can be a useful starting point in order
to stimulate further researches and a revision of the
integrated biostratigraphic correlation.

PAaLAEOECOLOGY

Smaller Foraminifera - In the Marne di Antognola,
the smaller foraminifera assemblage is composed by
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IFP22 IFN2/IFN3 IFN4a IFN4b |Biozones
4 Raeveplaesveaeasdsaee on e
S 1R 8888|1888 I ERXRRXI B 2E S 3|3 5 |samples
C F F F R C RR R RR|Globigerina cf. bulloides
RRRRRR|C RR R C RR|Globigerina ciperoensis
RR RR RR RR Globigerina euapertura
RR Globigerina nepenthes
R RR F Globigerina anguliofficinalis
R Globigerina ouachitensis
R F- '€ RR Globigerina aff. praebulloides
C |cC CCCC C|CC C CCCCRR C C F RR C C C C|CC CC|Globigerina praebulloides
R Globigerina rorhi
R Globigerina tripartita
RRIR R R F F|RR R Globigerina venezuelana
RR Globigerinita gr.
R Globigerinita incrusta
R F R RR C RR R F F R| R RR|Zeaglobigerina woodi brazieri
R Zeaglobigerina woodi connecta
C CC C RR R RR R R CC CC CC CC CC CC CC|CC CC|Zeaglobigerina woodi woodi
RR Globigernoides altiaperturus
R RR|Globigerinoides bisphericus
RR RR R Globigerinoides immaturus
RR Globigerinoides parawoodi
RR RR RR RR RR F RR RR RR Globigerinoides primordius
R RRRRfR C C C RR R R RR R |RR RR|Globigerinoides quadrilobatus
R Globigerinoides sp.
RR R|R Globigerinoides subquadratus
RR R RJ|R CC C C F FE FRRF R|IR Globigerinoides trilobus
RR RR RR Dentoglobigerina altispira altispira
RR R RR F C RR Dentoglobigerina alfispira globosa
RRRR R|R R R RR RR R RR RR Dentoglobigerina baroemoenensis
RR Dentoglobigerina aff. langhiana
RR Dentoglobigerina langhiana

Dentoglobigerina larmeui
Globoquadrina binaiensis
R Globoquadrina dehiscens praedehiscens
RR Globoquadrina dehiscens dehiscens
Globorotaloides sp.
Catapsydrax unicavus
Catapsydrax dissimilis

RR|RR R |Globigerinella obesa
C C ccjcc Paragloborotalia acrostoma
Paragloborotalia opima opima
Paragloborotalia opima/continuosa
Paragloborotalia pseudocontinuosa
Paragloborotalia pseudokugleri
RR RR|Paragloborotalia continuosa
RR RR RR Paragloborotalia mayeri

RR Paragloborotalia siakensis

Globorotalia bimageae
RR|Sphaeroidinellopsis sp.
RR RR RR| Tenuitellinata angustiumbilicata

Tab. 3 - Range chart of planktonic foraminifera. Rosignano section. RR - very rare; R - rare; F - frequent; C - common; CC - very

common.

over 70% planktonics. The benthic assemblage is
characterized by a high value of Fisher index (FI = 16)
at Rosignano, by a value of 7 at Colma and it includes
about 42.9% of infaunal foraminifera (I/E = 0.75) at
Rosignano and 36% (I/E = 0.56) at Colma (Figs. 9A-
B; Tab. 5). The most common forms are Uvigerina
spp., Gyroidinoides spp., Heterolepa floridana,

Brizalina spp. and Stilostomella spp. (Figs. 10-11). The
state of preservation of the tests is generally good.
The Sequence 1 of the “PdC Gr.” (Tab. 5) shows a
relatively high abundance of planktonic foraminifera
(average value 43.2%); the benthic assemblage has a
high value of FI (14.4) and an average I/E ratio = 0.76
(43% of infaunal forms). All these values show a
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Fig. 8 - Uppermost Oligocene-middle Miocene biostratigraphic zonal scheme proposed for the Monferrato Area comparing standard
zonations for nannofossils of Martini (1971), Okada & Bukry (1980), Fornaciari & Rio (1996), Fornaciari et al. (1996) with zonations
for planktonic foraminifera of Blow (1969), laccarino (1985), laccarino et al. (1996), Novaretti et al. (1995), Mancin et al. (2003) and

present work zonation for larger foraminifera.

decreasing trend (Fig. 9A). Frequent and significant
species (Fig. 10) include Asterigerinata planorbis,
Lenticulina calcar and the epiphytic Lobatula lobatula,
whereas Hanzawaia boueana and Heterolepa floridana
are less frequent. Among the others, sparse specimens
of Uvigerina spp., Melonis spp., Bolivina antiqua, B.
miocenica, Brizalina arta, Elphidium crispum and
agglutinated foraminifera (Martinottiella communis)
were recorded. The specimens as a rule are rather badly
preserved.

In the lower unit of Sequence 2 (Tab. 5), at
Rosignano the abundance of planktonic foraminifera
clearly decrease (average 15%), compared with to the
underlying sequence; at Colma the values are always
low: 4.4% on average. The state of preservation of the
tests is bad, both for planktonic and benthic forms.
The benthic assemblages are characterized by a
medium-low FI (around 7 at Rosignano and 6 at Colma)
and are dominated by epifaunal taxa, ranging around
71% at Rosignano (I/E = 0.4) and 90% at Colma (I/E
= 0.1).

The most common taxa at Rosignano section are
the Cibicidoides group, Asterigerinata planorbis and
abundant epiphytic forms such as Lobatula lobatula,
Rosalina bradyi and Elphidium crispum; Bolivina

miocenica is quite common, followed by Hanzawaia
boueana and Brizalina arta. The most common taxa
at Colma are the Cibicidoides group, Elphidium
crispum, Amphistegina lessonii and Asterigerinata
planorbis; moreover Heterolepa mexicana, H.
praecincta, Siphonina reticulata, Neoconorbina
orbicularis, Eponides spp., and Stomatorbina torrei are
relatively frequent. Few species of agglutinated
foraminifera occur, with very rare specimens.

In the upper unit of Sequence 2 (Tab. 5), planktonic
foraminifera, whose state of preservation is generally
good, become dominant at Colma section (85%) and
increase to 24% at Rosignano. A high value of FI (14
at Rosignano and 16 at Colma) characterizses the
benthic assemblages, within which the infaunal forms
are respectively 52.4% and 46% (I/E = 1.1 and 0.85).
Between the hyaline forms Heterolepa (H. mexicana,
H. floridana and H. praecincta), Elphidium crispum,
Lenticulina calcar, Melonis (M. soldanii and M.
pompilioides) considerably increase at Rosignano
section in comparison with the underlying unit (Fig.
10). Taxa such as Heterolepa, Lenticulina and Melonis
also increase remarkably at Colma (Fig. 11), while
Asterigerinata and Elphidium disappear completely.
Both at Rosignano and Colma, Siphonina reticulata,
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(U. barbatula, U. rutila and U. galloway) appear. A

few agglutinated forms are still present.

13

IFP22 IFN4a IFN4b IFN5 __[IFN6a|Biozones
g 8888888888888 esl:
& 18 S 88 3 28 2 2lo o Nl 8 o] |samples
R|R RR| R RR |Globigerina cf. bulloides
RR RR RR R |RR RR R |Globigerina ciperoensis
R F C R RR Globigerina ciperoensis aff. ottnangiensis
R R Globigerina euapertura
R RR RR F|IC C F|F R RR| CC |Globigerina praebulloides
R R R RR F F RR Globigerina venezuelana
RR RR Zeaglobigerina woodi brazieri
RR Zeaglobigerina cf. decoraperta
RR RR RR F RR F C |IRR RR RR |Zeaglobigerina woodi woodi
RR R Globigerinoides altiaperturus
R RR R|R CC F Globigerinoides bisphericus
RR RR R Globigerinoides immaturus
RR Globigerinoides parawoodi
RR RR Globigerinoides primordius
RR RICC R F|R F R| R |[Globigerinoides quadrilobatus
RR RR Globigerinoides subquadratus
RR RR| R RR R | RR |Globigerinoides subsacculifer
RR R RR R RR R R|C RR C|CC CC CC Globigerinoides trilobus
RR CC |Praeorbulina glomerosa curva
R |Praeorbulina glomerosa glomerosa
F |Praeorbulina glomerosa circularis
RR RR RR Praeorbulina sicana
RR |Orbulina suturalis
RR F [RR R |Dentoglobigerina altispira altispira
RR RR R RR Dentoglobigerina altispira globosa
R R F R R RR RR| RR |Dentoglobigerina baroemoenensis
RRIR F F|RRRR R |Dentoglobigerina langhiana
RR RR RR F R RR F |Dentoglobigerina larmeui
R RR Dentoglobigerina sp.
RR R RR Globoquadrina cf. binaiensis
RR|R RRR F R C RR RR RR Globoquadrina dehiscens praedehiscens
RR RRRR R c|jC CcC C Globoguadrina dehiscens dehiscens
RR Globoquadrina sellii
F R RR RR Globorotaloides suteri
RR [RR R RR R R R Globorotaloides sp.
C |R RR R RR F RR Catapsydrax unicavus
C R RR RR Catapsydrax dissimilis
RR R |RR RR R R |Globigerinella obesa
RIR R F|F F R RR |Paragloborotalia acrostoma
RR |RR RR RR |Paragloborotalia cf. continuosa
RR [RR F |IRR RR CC| R |Paragloborotalia continuosa
RR RR|RR RR| F F CC| F |Paragloborotalia mayeri
R RR RR RR|RR Paragloborotalia opima-continuosa
RR [RR Paragloborotalia opima
RR R |RR RR| R F RR| R |[|Paragloborotalia siakensis
R F RR R F R |Globorotalia bimageae
RR |Globorotalia praemenardii
RR |Globigerinita incrusta
RR Sphaeroidinellopsis disjuncta
RR RR Sphaeroidinellopsis seminulina
RR RR RR RI{R RR R RR Tenuitellinata angustiumbilicata

Tab. 4 - Range chart of planktonic foraminifera. Colma section. Abbreviations as in Tab. 3.
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Fig. 9 - Curves of percentage of residue (% Residue); percentage of planktonic foraminifera (P%); Fisher index; planktonic foraminifera,
warm and warm-temperate indices (w+wt); planktonic foraminifera, cool and cool-temperate indices (c+ct); ratio between infaunal and
epifaunal benthic foraminifera (I/E). (A) Rosignano section. (B) Colma section.

The Marne di Mincengo Fm. (Tab. 5) shows a well-
preserved assemblage dominated by planktonic
foraminifera (88%). Among the benthic forms, with a
rather high value of FI = 16, the infaunal types are
dominant (54%, corresponding to I/E = 1.17). The most
common taxa are Uvigerina spp., Siphonina reticulata,
Cibicidoides spp., Lenticulina spp. which all increase
significantly compared to the underlying upper unit of
Sequence 2. Other species such as Vulvulina pennatula,
Stilostomella spp. and Brizalina arta are relatively

frequent.

The Q-mode analysis (Fig. 12) performed on the
benthic assemblages of Colma splits the samples into
two distinct clusters (I and Il, within which only two
samples are not included) corresponding to the lower
and upper units of Sequence 2 respectively. At
Rosignano the samples are grouped in five clusters (I-
V) considering the linkage distance of 20. It is significant
to observe that the cluster 111 includes only samples of
the lower unit of Sequence 2, the cluster IV comprises
samples of Sequence 1, while the cluster V groups the

main part of samples of the upper unit of Sequence 2.
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Tab. 5 - Average values for the different stratigraphic units of:
degree of preservation; percentage of planktonic foraminifera
(P%); warm and warm-temperate indices (w+wt); cool and cool-
temperate indices (c+ct); Fisher index (FI); ratio between infaunal
and epifaunal benthic foraminifera (I/E).

Larger Foraminifera - Miogypsinids (Fig. 13; Tab.
6) and Lepidocyclinids generally show a good state of
preservation of the tests, except for specimens of
samples 3256 and 3000 collected at the base of
Sequence 2, that are commonly re-crystallized. The
Miogypsinids diameter range between 0.7 mm and 2.0
mm, whereas Lepidocyclinids range between 1.0 mm
and 2.6 mm.

In the Sequence 1 of the “PdC Gr.”, larger
foraminifera consist of Miogypsinids only. Their
abundance, compared with the total number of benthic
foraminifera, decreases from the base of the sequence
to the top.

In the lower unit of Sequence 2, also
Lepidocyclinids are present. The total number of larger
foraminifera shows an oscillating pattern along this
sequence. The Lepidocyclinids are slightly more
abundant than Miogypsinids; in Colma section they both
disappear at the top of this unit.

In the upper unit of Sequence 2, Miogypsinids and
Lepidocyclinids are present only in Rosignano section,
where the lithofacies is coarser than in Colma, and they
disappear after the sample 3177, near the top of the
succession.

Coralline Algae - Rosignano and Colma sections
contain two algal assemblages, each showing
structures related to peculiar paleoecological conditions.

The first assemblage is present in the upper half of
the lower unit of Sequence 2 in both sections. It is
characterized by the dominance of the genus
Lithothamnion with Mesophyllum in suborder and
Sporolithon, Spongites, Lithoporella and Lithophyllum
as accessories (Abate, 1991; Vannucci et al., 1996;
Fortunato, 1997). Rhodoliths are elliptic to subspherical,
with major axes ranging from 4 to 10 cm, and mainly
show lamellar internal structures.

The second algal assemblage is included in the
rhodolithic layer, observed only at Colma at the top of
the same unit. This is similar to the previous assemblage,
but shows a higher frequency of Mesophyllum
(becoming dominant together with Lithothamnion) and
a significant presence of Sporolithon and Lithophyllum.
A decrease in lamellar internal structures has been
observed (Abate, 1991; Vannucci et al., 1996;
Fortunato, 1997).

Paleoclimatic Indices (Figs. 9A-B; Tabs. 5, 7) - In
the assemblages of the Marne di Antognola Fm., cool/
cool-temperate climatic indices (72% at Rosignano,
52% at Colma) clearly prevail over warm/warm-
temperate indices. The cool/cool-temperate indices of
Sequence 1 show an average value of 66.6% whereas
the warm/warm-temperate values are on average
18.6%.

In the lower unit of Sequence 2 at Rosignano, the
cool/cool-temperate indices decrease (medium value
33.9%); the warm/warm-temperate indices on the
contrary increase (34% on average). The climatic
indices at Colma show a different pattern: the cool/
cool-temperate species are on average 9.5%, whereas
the warm/warm-temperate indices reach a medium
value of 15.3%. The cool/cool-temperate indices of the
upper unit are 64.6% at Rosignano and attain much

ROSIGNANO
Age Formation Sample N X ¥ v Species
N 77 1 53 | 362 | 514 M. intermedia
3 ~ §§ 3178 | 12 | 56 | 428 | 46.4 | M giobulina-intermedia
% g g - 3001 1 52 | 368 | 45.3 | M. globulina-infermedia
a |22, 3184 14 | 53 | 30.3 | 493 | M. globulina-intermedia
% -E » % E 3000 7 54 | 375 | 42.2 |M globulina-intermedia
% 3256 7 58 | 318 | 393 M. globulina
cl & _ 2089 | 15 | 74 |-194| 11 M. tani
£ i F| & 2998 | 34 | 8 |-162] 128 M. tani
w ‘_E_. 3249 19 B -17.9| 202 M. socini
© 2997 39 85 |-212 | 165 M. socini
COLMA
Age Formation Sample N X T v Species
3013 6 58 | 348 40 | M. globulina-intermedia
g 3012 35 55 | 323 | 521 M. intermedia
5|9 | | [ 3011 | 17|56 356348 M. globulina
é‘ é § Z‘j 3010 12 5.3 | 341 | 45.8 |M globulina-intermedia
g 3 E— % 3008 17 56 | 40.3 | 41.8 | M globullna-intermedia
_la; E $ - 3008 18 56 | 324 | 467 |M globulina-intermedia
E 3007 16 58 367 | 379 M. globulina
3006 5 6.0 3 3741 M. giobulina

Tab. 6 - Biometric data of Miogypsina populations.
N - number of examined specimens. V = 200 “/°, degree of

symmetry of protoconchal spirals. Parameters X, =, 7, ™ are
illustrated in Fig. 13.
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Fig. 10 - Frequency curves of selected benthic taxa from the Rosignano section.
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Fig. 12 - Cluster analysis dendrograms. Unweighted pair-groups
average City-block (Manhattan) distance. Samples of Colma
section are clearly split in two clusters, corresponding to the
lower (1) and upper unit (1) of the Sequence 2. Samples of
Rosignano section are mainly grouped in three clusters,
corresponding respectively to the Sequence 1 (1V), to the lower
(11) and upper unit (V) of the Sequence 2.

lower values (8.5%) at Colma. The warm/warm-
temperate indices are 12.4% and 66% respectively.

In the Marne di Mincengo Fm. cool/cool-temperate
indices are 4.7% and warm/warm-temperate indices
50.5%.

INTERPRETATION OF THE DATA

The Marne di Antognola Fm. (Upper Oligocene -
Zone IFP22) contains benthic assemblages with
common infaunal taxa, which are indicative of muddy
substrata and low-energy circa-littoral to upper bathyal
environments; the planktonic indices suggest cool-
temperate waters and some benthic species are typical
of deep waters (Tab. 8). All these data indicate
deposition in an upper slope paleoenvironment, during
a relatively cool interval.

A hiatus between the Marne di Antognola Fm. and
Sequence 1 of “PdC Gr.” has been detected on the
basis of PF and larger foraminifera, including at least
to the Zone IFN1 and the M. gunteri/M. gunteri-tani
Zone (Aquitanian). This hiatus is marked by a
discontinuity surface due to erosion, according to the
regional framework (see also remarks in the Depositional
Sequences and Microfacies Analyses chapters).
However, poor outcrop conditions do not allow

specifying if the discontinuity surface is the result of
subaerial or submarine erosion.

Sequence 1 of the “PdC Gr.” (lower Burdigalian,
Zone IFN2-1FN3 and M. tani/M. socini Zone) is
characterized by a relatively high percentage of
planktonic foraminifera and by the prevalence of
epifaunal forms in the benthic assemblages (Tab. 8).
The abundance, among the latter, of epiphytic taxa
indicates a vegetated and well-oxygenated substratum,
whereas the abundance of forms belonging to the
biconvex morphogroup indicates some bottom
turbulence (Corliss & Chen, 1988). The high value of
Fisher index a confirms good oxygenation. These data,
together with the presence of Thalassinoides burrows
(Frey et al., 1978) and larger foraminifera points to a
shelf environment within the photic zone. Moreover,
the occurrence of storm layers evidenced in the upper
part of the sequence by hummocky structures (see
chapter Results, Sequence 1), indicates deposition in a
shelf environment above storm-wave base. Also the
decreasing values of P%, FI and I/E (Figs. 9A-B; Tab.
5) indicate a gradual upward shallowing. The presence
of some deep-water taxa is explained by “migration”
of single specimens towards a shallower environment
due to a persisting cool-temperate climate (as suggested
by the climatic indices) and/or by shoreward transport.

Sediments of the lower unit of Sequence 2 (lower
part of upper Burdigalian - Subzone IFN4a; M.
globulina/Miolepidocyclina spp. and M. globulina-
intermedia/M. intermedia Zones) correspond to
rhodalgal deposits sensu Carannante et al. (1988). The

Poo] EA

Fig. 13 - Scheme of embryonic-nepionic apparatus of Miogypsina
s.l. X (in grey): principal protoconch spiral; ME: medium
embryonic line; FA: frontal-apical line. For measurement and
use of the angular parameters a,b,g see also Wildenborg (1991)
and Maia (1996).



E. Bicchi et al. - Evolution of the Miocene Carbonate Shelf of Monferrato 19

Globigerina ciperoensis

Dentoglobigerina altispira gr.

WARM INDICES WARM-TEMPERATE COOL-TEMPERATE COOL INDICES
INDICES INDICES
Globigerinoides spp. Tenuitellinata Globigerina bulloides Globotaloides suteri
angustiumbilicata
Praeorbulina spp. Paragloborotalia Catapsydrax spp.
Dentoglobigerina pseudocontinuosa
Orbulina spp. baroemoenensis Globigerina gr.

Globoquadrina tripartita gr.
Globigerina venezuelana gr.

Paragloborotalia siakensis gr.

Paragloborotalia continuosa

Zeaglobigerina spp.

Tab. 7 - Climatic indices. Dentoglobigerina altispira gr. includes D. altispira altispira and D. altispira globosa. Globoquadrina tripartita
gr. includes G. tripartita, G. binaiensis, G. sellii, G. dehiscens praedehiscens, G. dehiscens dehiscens; Paragloborotalia siakensis gr.
includes P. siakensis, P. mayeri, P. acrostoma, P. continuosa, P. pseudocontinuosa; Globigerina venezuelana gr. includes G. venezuelana

and G. euapertura; Globigerina gr. includes G. praebulloides, G. ouachitensis, G. anguliofficinalis.

benthic forms are prevalent among the foraminifera.

Epifaunal taxa, and in particular the epiphytic forms,

clearly prevail, all suggesting a mobile substrate in a

shallow water environment (Tab. 8) whereas lower

values of FI could be related to high energy rather than

to low oxygenation. An inner-middle shelf environment

is suggested for these sediments, as also supported by:

1. the abundance of rhodoliths (Vannucci et al., 1996);

2. the disappearance and/or decrease of benthic smaller
foraminifera indicative of deeper waters;

3. the abundance of larger foraminifera;

4. the scarcity and bad preservation of planktonic
foraminifera;

5. the presence of sedimentary structures like large-
scale cross stratification, connected with a high-
energy depositional environment.

The climatic indices curves, based on the rare
planktonic forms from the assemblage of this unit, are
not considered significant; therefore larger foraminifera
and coralline algae such as Sporolithon and Lithoporella,
which are indicative of warm conditions, provide the
best data for paleoclimatic interpretation.

The rhodolithic layer, marking the boundary between
the lower and upper units, can be interpreted as a relict
sediment (sensu Swift et al., 1971), that was exposed
for a long time at the water-sediment interface, as also
suggested by the occurrence of glaucony and

INNER SHELF OUTER SHELF OUTER SHELF - BATHYAL

Cancris auriculus
Elphidium crispum
Gyroidinoides altiformis
Heterolepa mexicana
Lenticuling calcar
Melonis soldanii
Siphonina reticulata
Stilostomela sp.p.

Amphistegina lessonii
Aslterigerina planorbis
Cancris auriculus
Elphidium crispum
Hanzawaia boueana
Lobaltula lobatula

Cassidulina subglobosa
Uvigerina sp.p.

Miogypsina sp.p.
Miolepidocyclina sp.p.
Nephrolepidina sp.p.

Rosalina bradyi

Tab. 8 - Benthic foraminifera significant for palaecoenvironmental
interpretation.

phosphates. This layer is related to the drowning of
the carbonate shelf, consequent to a relative sea-level
rise, event that produced a drastic reduction in
sedimentation rate, evidenced by the presence of
condensed phosphatized levels and the demise of the
carbonate shelf.

A hiatus between the rhodolith-rich layer and the
upper unit in the Colma section is inferred, based on
both an abrupt change of the lithofacies and the demise
of larger foraminifera, but it is not evidenced by the
planktonic foraminifera assemblages.

In the upper unit of Sequence 2 (upper Burdigalian
to lower Langhian; Subzones IFN4a p.p., IFN4b and
Zone IFN5; M. globulina-intermedia/M. intermedia
Zone) the benthic assemblages are generally
characterized by an increase of the infaunal genera (Figs.
9A-B). Only the older part of the upper unit outcrops
at Rosignano, where the benthic assemblages are
characterized by an abundance of taxa suggesting
shallower waters in comparison with Colma
assemblages. The abundance of epiphytic forms and
the presence of Miogypsinids and rhodalgal remains
indicate a shelf environment. In this section cool and
cool-temperate planktonic climatic indices remarkably
increase and apparently show a cooling trend. At Colma,
benthic deep-water taxa reappear and the shallower ones
abruptly disappear (Figs. 9B, 11; Tab. 8) as well as
larger foraminifera and rhodalgal remains, indicating a
circalittoral to bathyal environment, with temperate to
cool deep waters (Murray, 1991). This fact also
supports the hypothesis of a hiatus at the lower
boundary, not evidenced by the stratigraphic markers,
as said before, but clearly outlined by the
lithostratigraphical evidence. In the same section the
planktonic climatic indices suggest relatively warm
surface conditions.

The discrepancy of the climatic data between the
two sections could be explained by selective dissolution,
which preferably removes the warm group represented
by thin-walled taxa with large pores, scarcely solution
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resistant. This process might have affected the faunal
composition and may be partly responsible for the
decrease of the warm indices in Upper unit of Sequence
2 at Rosignano in comparison with the increase
recorded at Colma.

Warm conditions continued with a positive trend
during the early Langhian (IFN5 Zone) in the topmost
part of Sequence 2 at Colma and in the overlying Marne
di Mincengo Fm.

The sedimentological and paleoecological
characteristics of the “PdC Gr.” are indicative of a
foramol s.1. shelf environment (Simone & Carannante,
1988; Carannante et al., 1988; Carannante & Simone,
1996; Cherchi et al., 2000; Murru et al., 2002), as
already mentioned by Clari et al. (1994, 1995b);
Vannucci et al. (1996); Bicchi (1998); Bicchi et al.
(1997,1999). The sediments of the upper unit indicate
the beginning of a progressive drowning of the
carbonate shelf, culminating with the deposition of the
marly sediments of the Marne di Mincengo Fm., rich
in planktonic foraminifera.

DISCUSSION

The “PdC Gr.” in the study area consists of carbonate
deposits containing among the others rhodalgal grains.
The depositional environment shows a deepening trend
from a depositional environment of inner-middle shelf
(Sequence 1 and the lower unit of Sequence 2) to a
depositional environment of outer shelf-slope (the upper
unit of Sequence 2 at Colma).

Paleoclimatic data indicate a warming trend, from
cool-temperate conditions of Sequence 1 to warm/
warm-temperate conditions of Sequence 2.

The hiatus between sediments of Sequence 1 and
the underlying Marne di Antognola Fm. could be due
to some uplift of the area correlated to a tectonic
episode located between the Aquitanian and the very
base of the Burdigalian. Deposition of Sequence 1,
corresponding to the Zone IFN2/IFN3 of planktonic
foraminifera, can be related to the early Burdigalian
transgression reported by Haqg et al. (1987) at the
beginning of the TB2 supercycle. The prominent
unconformity (Figs. 5A-B) at the top of Sequence 1 is
related to a younger regional tectonic event (at the early-
late Burdigalian boundary?), but not exactly referable
to a precise age, because of the unsatisfactory
biostratigraphic resolution of the sampled assemblages.
This tectonic event is recorded in Monferrato (Sturani,
1973; Clari et al., 1995b; Falletti et al., 1995), in the
Tertiary Piedmont Basin (Gelati, 1969; d’Atri, 1990a;
d’Atri et al., 1997; Piana et al., 1997; Gelati &
Gnaccolini, 1998) and in the Apenninic belt (Boccaletti
et al., 1990). In the studied area, this unconformity is a
polygenic discontinuity surface: corresponding to a span
time during which the shelf sediments of Sequence 1
underwent a partial erosion and a successive
lithification, as also suggested by the cm-wide
neptunian dykes, occurring at the top. The above
mentioned discontinuity surface in the Rosignano section
consists in a flat erosional surface capping these
sediments. It is interpreted as a ravinement surface

(sensu Nummedal & Swift, 1987) that, according to
Bicchi et al. (2003), is related to the late Burdigalian
transgressive phase (base of the cycle TB2.2 of Hag et
al., 1987) during which the rodhalgal carbonates
composing the lower unit of Sequence 2 deposited.

In present-day environments, rhodalgal carbonates
are commonly deposited at the boundary between
tropical and temperate zones, but they also occur in
tropical areas in deeper waters or in places where
stressed conditions (i.e. Campeche bank, Logan et al.,
1969), such as the upwelling of cold, nutrient-rich
waters, prevent the growth of hermatypic corals and
green algae (Carannante et al., 1988; Carannante &
Simone, 1996; James, 1997).

A phosphate-rich level caps the rhodalgal sediments
in outcrops close to the sections object of this study
(i.e. Terruggia section, in Bicchi et al., 2003). This level,
which correlates with the partly phosphatized rhodolith-
rich layer bounding in the Colma section the upper unit
from the lower unit, suggests that upwelling of nutrient-
rich waters played an important role in deposition of
“temperate type” carbonates. This interpretation is also
in agreement with Esteban (1996), who links the
development of temperate-type shelf carbonates to an
estuarine type circulation in the Mediterranean basin,
even under still subtropical climatic conditions. Coeval
carbonate build-ups, comparable with the Monferrato
rhodalgal sediments, are in fact reported in many areas
of the Mediterranean region (Esteban, 1996; Pedley,
1996) with different structural settings (Grasso &
Pedley, 1985; d’Atri, 1990b; Carannante & Simone,
1996; Mutti et al., 1997; Vecsei & Sanders, 1999;
Casolari et al., 2000).

The abundance of nutrients may have been enhanced
by an increase of weathering in continental areas, due
to Alpine orogenesis (see also Raymo, 1994; Multti et
al., 1997). These conditions are documented by the
abundant, sometimes coarse grained, terrigenous
sediments deposited during the Burdigalian in the
adjoining basins: Western Monferrato (i.e. Arenarie di
Moransengo, Dela Pierre et al., 2003) and Torino Hill
(i.e. Complesso di Termo Fora, Bonsignore et al., 1969)
to the West, Langhe to the South (i.e. “Marne di
Montechiaro d’Acqui”, d’Atri, 1990a). These
terrigenous sediments did not affect the carbonate shelf
thanks to its geographic location, on a gentle westward
dipping platform of an isolated submarine ridge that
developed since early Burdigalian (“tectonic arc” sensu
Falletti et al., 1995).

The physiographic position of the uplifted area
certainly allowed the occasional presence of strong
bottom currents favoring the production of rhodoliths
and down-slope transport of bioclastic debris.

The rhodolith-rich layer marks the sharp transition
from the inner shelf sediments to the planktonic
foraminifera and glaucony-rich packestones of the
upper unit of Sequence 2. This transition is likely due
to the drowning of the shelf connected to a relative sea
level rise resulting in the sudden demise of the carbonate
shelf. In the Tertiary Piedmont Basin (Alto Monferrato
domain) some authors (d’Atri, 1990a; Gelati &
Gnaccolini, 1998) recognized a similar sequence of
events. The age of this event, corresponding to a time
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span within the interval of Subzone IFN4a, is correlated
with the maximum flooding surface reported by Haq
et al. (1987) within cycle TB2.2.

Finally, the deposition of the Marne di Mincengo in
an upper slope environment started in the late Langhian.
This remarkable change in the sedimentation pattern
reflects the deepening of the basin, probably due to an
increase of subsidence (Dela Pierre et al., 2003).

CONCLUSIONS

A multidisciplinary study, integrating sequence
stratigraphy, biostratigraphy, paleoecology and
paleoclimatology, was carried out on Early Miocene
carbonate deposits known as the “Pietra da Cantoni
Group” in Eastern Monferrato (NW Italy). The shallow
water carbonate deposits are interbedded between deep
water marls and have been split into two depositional
sequences bound by discontinuity surfaces. The results
of the study made it possible to define the main factors
(tectonics, sea-level fluctuations, oceanic-water mass
circulation, climate changes) that affected the
sedimentation and evolution of this carbonate
succession.

The PdC Group is underlined by a wide
discontinuity surface (i.e. at Rosignano). The contact
shows also an angular unconformity with levels of the
Marne di Antognola Fm., of Oligocene age at Colma,
of Aquitanian age at Terruggia, (Falletti, 1994; Bicchi
et al., 2003).

Sequence 1, of early Burdigalian age, is composed
of inner shelf burrowed wackestones and packstones
deposited in cool-temperate climatic conditions.
Sequence 2 consists of upper Burdigalian rhodalgal
facies, deposited in an inner-middle shelf environment
and in warm-temperate conditions. It is followed by
outer shelf planktonic foraminifera and glaucony-rich
packstones, spanning the late Burdigalian-early
Langhian interval. These deposits mark the beginning
of a deepening-upward trend that culminates in the late
Langhian, with the deposition of slope sediments of
the Marne di Mincengo Fm.

The age of the discontinuity surface between the
Marne di Antognola Fm. and Sequence 1, interpreted
as an erosion surface, has been defined by means of
integrated biostratigraphy and corresponds to a hiatus
(planktonic and larger foraminifera data). On the
contrary, at the boundary between Sequence 1 and
Sequence 2, no hiatus was evidenced by the resolution
of the biostratigraphic scale. Another hiatus has been
inferred, on the basis of the absence of larger
foraminifera concomitant with an abrupt change of the
lithofacies, between lower and upper units of Sequence
2 and is related to the drowning of the carbonate shelf.

The development of shelf carbonates was extensive
during early and late Burdigalian times, corresponding
to global second-order highstands of supercycles of
relative sea-level change. Sequence 1 reflects the
Burdigalian transgression at the base of the TB2
supercycle (Haq et al., 1987), whereas the shelf
sediments of the lower unit of Sequence 2, deposited
after a phase of tectonic deformation, are related to the

late Burdigalian sea-level rise at the base of the cycle
TB2.2. The drowning of the shelf, evidenced by a
rhodolith-rich layer, correlated with a phosphatizsed
marker level cropping out close to the investigated area,
is correlated to the maximum flooding surface reported
by Haq et al. (1987) within cycle TB2.2.

This interpretation based on the analytical data
supports the results of the literature cited and is in good
agreement with similar and coeval situations described
in the Mediterranean region. The investigated shelf
carbonates reflect the global Miocene cooling trend of
the waters all over the Mediterranean, combined with
an evolving pattern of oceanic circulation (Carannante
& Simone, 1996) which caused the change from
chlorozoan (tropical to subtropical) assemblages to
rhodalgal (warm-temperate) assemblages in
Mediterranenan carbonate platforms (Esteban, 1996).
According to this author, the increasing biogeographical
isolation of the Mediterranean, due to the closure of
Tethyan seaways and the widening of the Atlantic,
allowed deep Atlantic nutrient-rich waters to enter the
Mediterranean basin that, during the early Burdigalian,
had an estuarine-type circulation. Upwelling phenomena
along the shelves favoured the demise of coral reefs in
the regions where they previously flourished and the
deposition of warm-temperate rhodalgal carbonates,
under climate conditions still subtropical (Esteban,
1996; Pedley, 1996).

The abundance of nutrients may have been enhanced
by an increase of weathering from continental areas,
whose total surface was increasing in this time interval,
due to the Alpine orogenesis (Raymo, 1994; Multti et
al., 1997). The consequent production of huge
quantities of terrigenous sediments affected the basins
(Western Monferrato and Torino Hill; Langhe, Gelati
& Gnaccolini, 1998) close to the study area, with the
exclusion of the Eastern Monferrato, that, as an uplifted
portion of an isolated submarine ridge, was a relatively
protected sector, favourable to carbonate-shelf
sedimentation (Falletti et al., 1995).
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