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Abstract. The middle Eocene Cibrone Formation of  Brianza (central-western Lombardy) represents an im-
portant stratigraphic record to understand a key step of  the tectonic evolution of  the Alpine range poorly recorded 
elsewhere. Quantitative petrographic analysis of  turbidite arenites, well-constrained in age by the biostratigraphy of  
interlayered marlstones based on calcareous foraminifera and nannoplankton, allowed us to identify a possible vertical 
compositional trend within the Cibrone Fm. and to document the NP17 nannofossil Zone (Bartonian) in central 
Lombardy exposures, east of  the Ternate Formation outcrop area. Variable arenite compositions are interpreted to 
reflect contributions from different source areas, i.e., recycled orogen, island arc, and starved continental shelf. In 
a paleogeographic scenario still open to different interpretations, the proposed reconstruction supports a classical 
plate tectonics model for arc-trench systems. The stratigraphic gap, recorded everywhere in Lombardy, between the 
Eocene succession and the base of  the Gonfolite Lombarda Group (upper NP24 nannofossil Zone, early Chattian), 
corresponds to the earliest stage of  continental collision, uplift and erosion that climaxed in the Neo-Alpine Phase.
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We shall not cease from exploration
And the end of  all our exploring
Will be to arrive where we started
And know the place for the first time

T.S. Eliot, Four Quartets

Introduction

Relative to other stratigraphic series, the Eo-
cene is poorly represented in the sedimentary suc-
cessions of  the central and western Southern Alps 
despite being characterized invariably by marine fa-
cies, because of  sedimentation at relatively low rates 
that was shortly followed by Alpine collision, uplift 
and erosion, and due to its structural behaviour as 
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a preferential décollement horizon during the outward 
propagation of  the Alpine thrusts (Fantoni et al. 
2004). In the central Southern Alps (Fig. 1), limit-
ed exposures are commonly restricted to the core 
of  synclines and such a fragmentary sedimentary 
record has probably contributed to the prolonged 
underrating of  the Eocene as a turning point in the 
Alpine Orogeny; during this epoch not only the 
metamorphic peak of  HP/LT metamorphism in the 
Western Alps was recorded (Frey et al. 1999), but 
also the oldest plutonic products, now fringing the 
Periadriatic Fault System, were emplaced (Callegari 
& Brack 2002; Lu et al. 2019). According to plate 
tectonic models, at that time the episutural sedi-
mentary basins should have accommodated detritus 
from both the growing accretionary prism, formed 
by tectonic erosion of  the Adriatic continental mar-
gin (Polino et al. 1990), and the magmatic arc in a 
hinterland position.

New evidence about the Eocene of  cen-
tral-western Lombardy (central Southern Alps) was 
acquired during the field mapping of  CARG Sheets 
096 “Seregno” (Bini et al. 2014) and 097 “Vimer-
cate” (Bersezio et al. 2014). In those sheets, the 

Eocene is represented by limited outcrops (Fig. 2), 
not restricted to the classical Tabiago (Premoli Sil-
va & Luterbacher 1966; Kleboth 1982) and Paderno 
d’Adda (Premoli Silva & Luterbacher 1966; Cita et 
al. 1968) sections, but also found in the country-
side of  the small towns of  Nibionno, Veduggio con 
Colzano, Missaglia, and Montevecchia (central and 
eastern Brianza), where younger sediments are also 
represented relative to the Tabiago and Paderno sec-
tions.

The present paper aims to frame the sedimen-
tary record of  those newly found Eocene exposures 
in the broader scenario of  the Alpine Orogeny, cor-

Fig. 1 - Regional location map for the study area. The main structures associated to the Alpine and Apennine fronts, buried below the Po Plain 
basin fill, are displayed: the isobaths (m) of  the Messinian unconformity (Pieri & Groppi 1981; Bigi et al. 1990) are also shown. The 
investigated area, pictured in detail in Fig. 2, is framed while major cities and relevant localities are located.

Fig. 2 - Topographic map and close-ups (the latter all the same scale, 
square grid = 1 km) of  the investigated outcrop areas. The 
near-vertical dotted line crossing the map marks the bound-
ary between the 096 “Seregno” (to the west) and 097 “Vi-
mercate” (to the east) sheets. 
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relating such evidence with the more widely studied 
areas of  Ternate (western Southern Alps: Coletti et 
al. 2016 and references therein) to the west, of  the 
Epiligurian succession of  Northern Apennines to 
the south (Cibin et al. 2001) and of  the Trentino-Gi-
udicarie area to the east (e.g., Luciani 1989; Sciunnach 
& Borsato 1994; Mair et al. 1996; Martin & Macera 
2014; Lu et al. 2019). To do this, in the present paper 
the middle Eocene Cibrone Fm. is characterised in 
terms of  stratigraphy, lithofacies, biostratigraphy, pe-
trography, and single-mineral geochemistry.

Geological setting

After Jurassic to Early Cretaceous structuring 
of  the continental passive margin at the northern 
border of  Adria (Bertotti et al. 1993; Schumacher et 
al. 1996), a phase of  convergence commenced since 
the Aptian (Arthur & Premoli Silva 1982) and lasted 
up to the early Maastrichtian, resulting in deposition 
of  up to over 2000 m of  flysch in the Lombardian 
Basin (Bersezio et al. 1993). This tectonic phase, 
seemingly resulting in a subduction complex limited 
to the Central and Eastern Alps (Doglioni & Bosel-
lini 1987), and still controversial as to geodynamic 
interpretation, is often referred to as “pre-Gosau 
Phase” from the name of  a shallow-water clastic 
unit suturing Cretaceous structures in the eastern 
Southern Alps. Late Cretaceous tectonics was char-
acterised by HP/LT metamorphism, negligible vol-
canic activity (Bernoulli et al. 2004), thrusting in the 
Southern Alps Variscan basement and Permo-Mes-
ozoic sedimentary cover (D’Adda 2010), and by lo-
cal evidence of  emerging land because of  incipient 
orogenesis (Gnaccolini 1971; “eo-Alpine Orogen” 
of  Handy et al. 2010).

From Maastrichtian to earliest Lutetian times, 
pelagic sedimentation resumed, at low accumula-
tion rates (Tremolada et al. 2008), with little (Maas-
trichtian) or no (Paleocene-early Eocene) siliciclas-
tic input. Since middle Eocene, marly hemipelagites 
started to be deposited at higher rates (Premoli Silva 
et al. 2010), embedding sparse volcaniclastic turbid-
ites. 

During the middle to late Eocene, hemipelag-
ic sedimentation is also recorded in adjoining sec-
tors of  the Giudicarie Valleys (Ponte Pià Fm., Nago 
Limestone, Ponte Arche Clayey Marls), while in 
the western Southern Alps downslope mass move-

ments were triggered by topographic instability of  
the shelf  (upper Eocene Ternate Fm.; Bernoulli 
et al. 1988; Mancin et al. 2001; Coletti et al. 2016). 
Early Oligocene sediments seem to record a relative 
quiescence (Linfano Limestone of  the Giudicarie 
Valleys) during a time interval only documented 
in ENI subsurface drillings in Lombardy (Pieri & 
Groppi 1981; Di Giulio et al. 2001), where monoto-
nous silty-marls successions predominate. Such fa-
cies, with only occasional clastic intercalations, seem 
to continue up to the late Oligocene (NP24; Tremo-
lada et al. 2010), when they were truncated by a re-
gional unconformity recognised from Lombardy 
(Chiasso Fm./Gonfolite Lombarda Group bound-
ary) to Trentino (Linfano Lmst./Mt. Brione Fm. 
boundary) and Veneto-Friuli regions (base of  the 
Molassa Veneta boundary; Stefani et al. 2007), cor-
responding to the onset of  paroxysmal uplift and 
widespread emergence of  the Alpine range. Coarse 
clastic sedimentation was continuous for most of  
the Miocene, producing the huge siliciclastic wedg-
es of  the Gonfolite Lombarda Group (Tremolada 
et al. 2010), the Monte Orfano Conglomerate (Sci-
unnach et al. 2009), the Molassa Veneta (Stefani et 
al. 2007) and, in the Apennines, the Macigno-Mod-
ino (Di Giulio 1999), Cervarola and Marnoso-Are-
nacea turbidite supersystems (Cibin et al. 2004; Di 
Giulio et al. 2013).

This evolution (Fig. 3) can be easily framed 
into the classical tripartition of  the Alpine orogenic 
“phases” (Eoalpine, Mesoalpine, and Neoalpine), 
that has been challenged by structural studies fo-

Fig. 3 - Ideal stratigraphic column for the Cenozoic succession of  
central and western Lombardy, compiled after Tremolada et 
al. (2008; 2010); Premoli Silva et al. (2010); Bini et al. (2014). 
Standard chronostratigraphy and related biozonation after 
Gradstein et al. (2020). Faded strata indicate lack of  expo-
sure: in such cases, lithology is inferred after drillings or in-
direct geological evidence. MSC = Messinian Salinity Crisis; 
PLIOC. TR. = Pliocene transgression. While in central (Ta-
biago) and western (Montorfano) Brianza the resedimented 
bodies within the Tabiago Fm. are confined to the Tanethi-
an, in eastern Brianza (Paderno d’Adda) they form a con-
tinuum with the overlying, so-called “Paderno Nummulitic 
breccias”, which extend into the NP12 Zone (Ypresian) and, 
reportedly, reach the Lutetian (Bersezio et al. 2014; Bini et 
al. 2014; F. Tremolada, own unpublished data).
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cused on the brittle kinematics of  the Southalpine 
retro-wedge (e.g., Schönborn 1992). According to 
this model, Alpine evolution can be reduced mere-
ly to “pre-Adamello” and “post-Adamello” steps, 
based on the analysis of  mutual geometric relation-
ships of  brittle horses within thrust stacks and on 
balanced palynspastic reconstructions. While the 
“Eoalpine” Cretaceous flysch deposition is obvious-
ly pre-Adamello, the latest Oligocene to Late Mio-
cene deformation coincides with the post-Adamello 
“phase”: yet, Eocene volcanism presumably is one 
of  the few sources of  evidence for a “syn-Adamel-
lo” (Mesoalpine?) tectonic activity, that reportedly 
did not result in thrust stacking in the Southern 
Alps, but is coeval with HP/LT metamorphism in 
the Western Alps (Frey et al. 1999) and arc magma-
tism along the Periadriatic Lineament (Callegari & 
Brack 2002; D’Adda et al. 2010).

Previous studies and stratigraphic 
nomenclature

The available literature on the Eocene of  
central and eastern Brianza can be subdivided into 
four main types: 1) local studies, generally aiming 
at a detailed biostratigraphic frame, 2) district stud-
ies related to geological mapping, 3) regional stud-
ies, mostly addressed to oil potential assessment 
and commonly relying on subsurface data, and 4) 
provenance studies, focused on petrography, geo-
chemistry, and fission-track (FT) analysis of  clastic 

sediments to reconstruct the regional paleotecton-
ic evolution. The studies by Franchino (1958), Bol-
li & Cita (1960a, 1960b), Cita (1965), Premoli Silva 
& Luterbacher (1966), Cita et al. (1968), Kleboth 
(1982), Franchino & Cairo (1984), Tremolada et 
al. (2008), Premoli Silva et al. (2010) belong to the 
first group. The second group includes the explan-
atory memories by Venzo (1954), Galbiati (1969), 
Bersezio et al. (1990, 2014), Bini et al. (2014). The 
third group consists of  studies mostly performed 
by ENI geologists, such as Rizzini & Dondi (1979), 
Dondi et al. (1982) and, more recently, Di Giulio 
et al. (2001). In the fourth group the studies by Di 
Giulio et al. (2005), Malusà et al. (2011), Martin & 
Macera (2014), Sciunnach (2014), and Di Capua et 
al. (2021a, b) can be included.

While the lower Eocene of  Brianza is com-
posed by marls and marly limestones (“Scaglia” 
facies, Tabiago Fm.; Tremolada et al. 2008 and ref-
erences therein), a major lithostratigraphic bound-
ary occurs within the Lutetian, where the “Scaglia” 
facies are replaced upwards by monotonous hem-
ipelagic marlstones, with rare and thin veneers of  
arenites and volcaniclastics. The most comprehen-
sive lithostratigraphic term introduced for these 
rocks all over western and central Northern Italy 
is the “Marne di Gallare” Group, a unit defined 
by AGIP geologists in the Emilia-Romagna sub-
surface (Rizzini & Dondi 1979; Dondi et al. 1982) 
and including middle Eocene to Miocene hemipe-
lagic sediments across the Po and Venetian plains 
subsurface, as well as several formations from dif-

Fig. 4 - Typical facies of  the studied Pl-arenite beds and the intercalated marlstones. A = Cibrone Fm., Cibrone SS36 exit. Decimetric arenite 
beds displaying sharp base, with flute casts and other countermarks, and cross- to parallel lamination, can be interpreted as Tcde, Tde 
Bouma sequences. B = Marne di Monte Piano, Rio Roncale, Montacuto. Sharp-based, massive arenite beds grade upwards to the 
intercalated marlstone.
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ferent structural units of  the Apennines, where 
the traditional terms “Scaglia Variegata”, “Scaglia 
Cinerea” (Petti & Falorni 2005a) and “Bisciaro” 
(Petti & Falorni 2005b) are also rooted in the liter-

ature. The apparently subtle shift in sedimentation 
patterns between “Scaglia” facies and “Marne di 
Gallare” is regarded as a major turning point in 
Alpine evolution (Di Giulio et al. 2001), as we will 
highlight further in the paper.

More recently, the prevailingly marly sed-
iments of  middle Eocene age of  central and 
eastern Brianza have been classified as Cibrone 
Fm. (Premoli Silva et al. 2010; Bini et al. 2014), 
a lithostratigraphic unit hierarchically subordi-
nate to the Marne di Gallare Group. Although the 
Italian stratigraphic nomenclature is biased by re-
dundant local names, introduction of  a new litho-
stratigraphic unit has been recommended in this 
case to identify a distinctive marly unit, exposed 
in natural and artificial outcrops, conformably 
overlying Paleocene to earliest Lutetian marlstones 
and marly limestones in “Scaglia” facies that, in 
the Brianza area, take the formal name of  Tabiago 
Fm. (Bini et al. 2014).

Eocene chronostratigraphy and 
geochronology: a necessary premise

The Eocene global timescale is currently 
under review, due to the uncertain definition of  
the Bartonian Stage. In the traditional literatu-
re, the Eocene has been subdivided into a lower 
part, coinciding with the Ypresian Stage; a middle 
part, including the Lutetian and Bartonian Stages; 
and an upper part, coinciding with the Priabonian 
Stage. In the recent contribution by Agnini et al. 
(2021) defining the GSSP for the base of  the Pria-
bonian Stage (late Eocene), such informal subdi-
vision was abandoned, recommending the proper 
use of  Eocene stages. Nonetheless, for the sake 
of  simplicity and for coherence with most of  the 
cited literature, in the present paper we still adopt 
the early/middle/late tripartition of  the Eocene, 
regarding the Bartonian Stage as the later part of  
the middle Eocene.

Field data 
With few notable exceptions, outcrop condi-

tions of  the Eocene Cibrone Fm. are very poor; 
even scarcer than for the underlying Tabiago Fm., 
that has been quarried to produce cement and 
that, with the more resistant Montorfano Mb., 
finds some remarkable natural exposures (Kleboth 

Fig. 5 - Stratigraphy of  the Cibrone Fm. in the Cibrone composite 
section. The lower part, where the boundary with the un-
derlying Tabiago Fm. is exposed, is ideally topped by the 
outcrop at the SS36 exit (see Fig. 4A). Modified from Bini 
et al. (2014).
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1982). After careful field work carried out during the 
first decade of  2000 for the geological mapping of  
the Sheets 096 “Seregno” and 097 “Vimercate”, four 
main outcrop areas of  the Cibrone Fm. (Fig. 2) have 
been identified, west to east:

1) the town of  Nibionno and its surround-
ings, where the type-locality of  Cibrone Fm. occurs. 
At Cibrone, both artificial and natural outcrops are 
found: the former include the SS36 exit (Figs. 4A 
and 5) and Cibroncello outcrops, while the latter are 
best represented by the Cibrone Cemetery section, 
where the boundary with the underlying Tabiago 
Fm. is exposed (Fig. 5), and by the thickest measured 
section of  Rio di Ceresa (Fig. 6). The SS36 exit out-
crop, where the samples RL/A1 and RL/A2 studied 
by Malusà et al. (2011) were taken, is remarkable also 
due to the basal countermarks in sandstone beds in-
dicating westward paleocurrents (Bini et al. 2014). 

2) the hillock north of  the San Martino 
Church, Veduggio, where massive or poorly bed-
ded marlstones are exposed, and a single sandstone 
bed was sampled. The outcrop lies just about 1.5 
km apart from the Renate outcrop belonging to the 
Gonfolite Lombarda Group (sample GLGB1 of  
Tremolada et al. 2010: nannofossil Zone NN1), with 
the Quaternary deposits in between masking a major 
tectonic boundary between the tightly folded Creta-
ceous to Eocene succession to the north-east and 
the gently buckled homocline of  the GLG to the 
south-west (Bini et al. 2014).

3) the Rio Molgoretta section, Missaglia. 
Three natural outcrops, labelled as alpha, beta, and 
delta in ascending stratigraphic order (Fig. 7; Tab. 2), 
are characterized by thicker beds of  coarse-grained 
bioclastic arenites, pebbly arenites, and fine-grained 
rudites, locally with nodular concretions and deeply 
recrystallized surfaces, particularly stiff  at hammer-
ing (hard grounds); only the topmost “delta” outcrop 
consists of  monotonous marlstones. In earlier maps 
by Galbiati (1969) and Bersezio et al. (1990) all these 
outcrops were interpreted as belonging to the Cre-
taceous Bergamo Flysch, whereas in the Sheet 097 
Vimercate they have been included into the Cibrone 
Fm. (Bersezio et al. 2014) despite coarser arenite 
grain size and a more abundant, coarse-grained bio-
clastic fraction relative to the Cibrone type-locality.

4) the woods between Quattro Strade and 
Cascina Colombé, Montevecchia. Sparse outcrops 
of  prevailing marlstones and up to coarse-grained 
arenites had been studied for foraminiferal content 
by previous authors (Franchino & Cairo 1984) and 

Fig. 6 - Stratigraphy of  the Cibrone Fm. in the Rio di Ceresa section. 
Symbols as in Fig. 5.
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Section/Outcrop
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Formation

Nannofossil Zone 
(Martini, 1971) 
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then referred to the Hantkenina aragonensis and Glo-
bigerinatheka subconglobata zones (middle Eocene); 
they have thus been interpreted as belonging to the 
Cibrone Fm. in the Sheet 097 Vimercate (Bersezio et 
al. 2014) based on lithofacies and age. Northwards, 
sparse outcrops of  variegated marlstones have been 
mapped as Tabiago Fm. (Bersezio et al. 2014).  New 
sampling for arenites and calcareous marlstones car-
ried out in the present work confirmed the occur-
rence of  both formations.

In all the four outcrop areas, the Cibrone Fm. 
occurs on the limbs or at the cores of  tight folds in-
volving all the underlying stratigraphic units down to 
the Cretaceous Flysch units at least, being the Brun-
tino Marl a possible décollement horizon relative to the 
underlying Maiolica-Selcifero-Medolo succession 
(Fantoni et al. 2004).

Similar outcrops of  the Cibrone Fm. are 
found as eastward as the Adda River, at Sabbione di 
Imbersago and Paderno d’Adda, where the NP15c 
nannofossil Zone has been identified in a few sam-
ples from sparse outcrops (Scardia and Tremolada, 
unpubl. data).

Materials and methods

For the study of  planktonic foraminifera 22 
total marlstone samples were analyzed, 5 of  which 
collected in the Cibrone SS36 exit outcrop and 17 
sampled in the Rio di Ceresa section.

Samples have been crushed and treated with 
diluted hydrogen peroxide; disaggregation resulted 
to be fair. Three grain size fractions (>250 µm, 
>150 µm and >40 µm) have been separated by wa-
ter sieving.

Planktonic foraminifera have been qualita-
tively analysed to identify bioevents useful for the 
zonal attribution of  the section(s).  Foraminiferal 
taxonomy adopted in this study follows Berggren 
and Pearson (2005) and Pearson et al. (2006) (see 
also Wade et al. 2011).

For the study of  calcareous nannofossils 42 
total productive rock samples have been processed 
by using the standard technique described in Bown 
& Young (1998) and investigated to provide a de-
tailed biostratigraphic framework. A total of  17 
samples were collected in the Cibrone composite 

Fig. 7 - Stratigraphy of  the Cibrone 
Fm. in the Rio Molgoretta 
section, Missaglia. Subsec-
tions “alpha” and “beta” as 
in Fig. 2; symbols as in Fig. 
5. Redrawn from Bersezio et 
al. (2014).
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(Cemetery + SS36 exit) section, 9 from the Rio Mol-
goretta section near Missaglia, 7 from the Rio di Ce-
resa section (corresponding to the seven older sam-
ples studied for foraminifera), 3 from the Veduggio 
outcrop, 3 from the Paderno d’Adda section, 2 from 
the Cibroncello outcrop and one from the Quattro 
Strade outcrop. In this study, we have adopted the 
nannofossil biozonations of  Martini (NP biozona-
tion, 1971) with modifications (and subzones) pro-
posed by Perch-Nielsen (1985), Aubry (1991) and 
Michelsen et al. (1998), and the GTS 2020 timescale 
(Gradstein et al. 2020). Since primary zonal mark-
ers are often absent, some nannofossil zones were 
obtained by combining the stratigraphic ranges of  
secondary markers as documented in Nannotax 
(https://www.mikrotax.org/Nannotax3/).

From 21 arenite samples, obtained from all 
the main investigated sections as well as from sparse 
outcrops, standard 25 x 40 mm thin sections have 
been obtained. Those (n = 6) yielding abundant, 
fresh euhedral plagioclase or detrital chromian spi-
nel have been polished for microprobe analysis; the 
remaining have been stained with red alizarine and 
covered with a coverslip. On the coarsest samples, 
all from the Missaglia outcrops, qualitative obser-
vations on the fossil content (mostly large benthic 
foraminifera) have been carried out; on all the 21 
thin sections, point-countings (300 points counted 
per section according to the Glagolev-Chayes meth-
od described in Carver, 1971) have been performed 
with a James Swift & Son automatic table: results are 
shown in Fig. 8. Arenite grain size (at Φ/4 scale in-
tervals) and sorting were semiquantitatively assessed 
following the Garzanti method described in Sciun-
nach (1996).

Cr-spinels and fresh plagioclase crystals have 
been analyzed in polished thin section through 
SEM-EDS microprobe (kV = 20.00, livetime = 50 
sec for each analysis, metallic cobalt for standard) 
and the results are displayed in Figs. 9 and 10.

Arenite fossil content 

From the six coarsest-grained arenite samples, 
all from the Rio Molgoretta section (Missaglia), a 
rich benthic foraminiferal fauna was detected in thin 
section, including common Nummulites, Operculina, 
Assilina, Discocyclina, Asterocyclina, and rare Gypsina, 
Chapmanina, Fabiania; other benthic foraminifera 

include miliolids, Victoriella, and rare agglutinated 
forms. Among planktonic foraminifera, Acarinina gr. 
bullbrooki, Globigerinatheka (both indicating a middle 
Eocene age) and Turborotalia are recognized.

Other bioclasts include common red algae, 
echinoid plates and spines, and bryozoans, as well as 
less common mollusks (Dentalium, ostreids), corals, 
vertebrate phosphate bones and fish scales. Tintin-
nids (some of  them questionable, due to their ex-
ceedingly large dimensions) are found only in clasts 
of  Maiolica-like calcilutite, and also deeply recrystal-
lized single radiolarians are probably recycled from 
Jurassic radiolarites.

Planktonic foraminiferal 
biostratigraphy

Stratigraphic distribution, abundance, and pre-
servation of  the planktonic foraminifera, along with 
the occurrence of  other biogenic components, have 
been revised and updated relative to Premoli Silva et 
al. (2010) and Bini et al. (2014) and here fully repor-
ted in Table 1. 

In the SS36 exit outcrop (Fig. 4A, Fig. 5), 
the biogenic component includes planktonic (from 
sparse to frequent) and benthic (from rare to very 
rare) foraminifera. All foraminifera are moderately 
to poorly preserved; in some samples foraminiferal 
tests are frequently deformed, less frequently heavily 
encrusted. In sample M2 a fish tooth was found, 
whereas in sample M4 very rare echinoid spines 
occur.

Age-diagnostic associations are homogeneous 
for all samples. Especially Hantkenina dumblei, Globige-
rinatheka subconglobata, Turborotalia pomeroli, Turborotali-
ta carcoselleensis etc. indicate Zone P12 (middle Eoce-
ne), equated to E10-11 Zones.

Still in the Cibrone area, the Rio di Ceresa sec-
tion (Fig. 6) biogenic component includes planktonic 
foraminifera in highly variable abundance (from very 
rare to abundant), less common benthic foramin-
ifera (from very rare to scarce); in some samples very 
rare ostracods, possible echinoid spines and tubular 
structures that can be ascribed to marine inverte-
brates (Polychaetes?), also occur. The inorganic frac-
tion includes peculiar spherules (microtektites?), in 
the topmost sample CC16. Foraminifera, commonly 
moderately to poorly preserved and heavily encrust-
ed, are well-preserved only in samples CC4, CC6.
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The association is in all monotonous and si-
milar to the one from the SS36 exit outcrop. The 
steady, locally conspicuous, occurrence of  Globi-
gerinathekids in samples where Morozovella aragonen-
sis is lacking indicates Zone P12, as also confirmed 
by the occurrence of  Hantkenina dumblei and Mo-
rozovelloides crassatus. Furthermore, the occurrence 
of  Guembelitriodes nuttalli in sample CC7, that marks 
the top of  Zone E 10 with its LAD, would point 
to a lower Zone P12 at least up to that level. Such 
dating is consistent with the identification of  the 
calcareous nannofossil Zone NP16.

Rare Pearsonites broedermanni (Soldan et al. 
2014) need to be regarded as reworked from the 
lower Eocene or from the lower part of  the middle 
Eocene.

Age of  the section is therefore middle Eoce-
ne (late Lutetian).

Calcareous nannofossil 
biostratigraphy

In the Cibrone Cemetery section (Fig. 5), 
straddling the stratigraphic boundary between the 
Tabiago and Cibrone Fms., all the 11 marl sam-
ples contain abundant calcareous nannofossils 
with a preservation ranging from poor to moder-
ate. Reworked Mesozoic taxa such as Watznaueria 
barnesae, Cretarhabdus spp., Nannoconus spp., Zeugh-
rabdothus spp., and Micula staurophora are present in 
this section. The “in situ” nannofossil assemblag-
es are mainly composed of  taxa with a very long 
stratigraphic range such as Reticulofenestra dictyoda, 
Coccolithus pelagicus, Ericsonia spp., Chiasmolithus spp. 
(especially C. consuetus and C. solitus), Sphenolithus 
moriformis, and Sphenolithus radians. The bottom of  
the section has been dated as NP15 nannofossil 
Zone owing to the presence of  the zonal markers 
Pletolithus gigas, Sphenolithus furcatolithoides, and Nan-
notetrina fulgens. The LO of  P. gigas lies in sample 
BS2ter and defines the base of  NP15c nannofossil 
(sub)Zone. The base of  NP16 nannofossil Zone 
has been placed in the sample BS11 due to the First 
Occurrence (FO) of  Cribrocentrum reticulatum. This 
age assignment is supported by the FO of  Reticu-
lofenestra umbilicus (>14 mm) and the presence of  
the secondary marker Discoaster bifax in the sam-
ple BS13. However, the latter taxon was found to 
occur in hemipelagic and neritic environments of  

Paris Basin and London Basin dated as NP14 nan-
nofossil Zone (Aubry 1983) and, thus, it is unlikely 
a reliable marker. The stratigraphic interval from 
the sample BS11 to the top of  the section (sample 
BS17) is assigned to the NP16 nannofossil Zone 
owing to the continuous occurrence of  taxa such 
as Chiasmolithus solitus (stratigraphic range = NP10-
NP16), Cribrocentrum reticulatum (stratigraphic range 
= NP16-NP19/20), and Sphenolithus furcatolithoides 
(stratigraphic range = NP15-NP16). The species 
Blackites gladius, whose LO (Last Occurrence) once 
defined the base of  the NP16, is absent in this sec-
tion.

The SS36 exit outcrop (5 samples, the same 
analyzed also for foraminifera) yielded less conclu-
sive assemblages due to rare and poorly preserved 
calcareous nannofossils. However, the fairly con-
tinuous co-occurrence of  taxa such as Cribrocentrum 
reticulatum (stratigraphic range = NP16-NP19/20), 
Chiasmolithus solitus (stratigraphic range = NP10-
NP16) and Sphenolithus furcatolithoides (stratigraphic 
range = NP15-NP16) clearly suggests the NP16 
nannofossil Zone. The nannofloral assemblage of  
this section is generally dominated by Reticulofenestra 
spp., Sphenolithus spp., and Coccolithus pelagicus.

The Rio di Ceresa section (Fig. 6) records a 
nannofloral assemblage similar to that of  the SS336 
exit outcrop. However, calcareous nannofossils are 
fairly more abundant and moderately preserved 
with remarkable reworking of  Cretaceous to lower 
Eocene units.  A middle Eocene age (NP16) is sug-
gested through the presence of  taxa such as Cribro-
centrum reticulatum, Chiasmolithus solitus, Sphenolithus 
furcatolithoides, and their combined ranges. 

The small sections of  Cibroncello and Quat-
to Strade and the thicker Rio Molgoretta section 
are also assigned to the middle Eocene NP16 
nannofossil Zone owing to the co-occurrence of  
Cribrocentrum reticulatum, Chiasmolithus solitus, and 
Sphenolithus furcatolithoides. Nannofloral assemblages 
show high abundances of  the taxa Reticulofenestra 
spp., Sphenolithus spp., Ericsonia formosa, and Cocco-
lithus pelagicus. 

The Veduggio section records a completely 
different nannofloral association. Important com-
ponents of  the NP16 nannofossil Zone such as Re-
ticulofenestra dictyoda, Sphenolithus furcatolithoides, Towei-
us? gammation (Girgisia gammation for some authors), 
and Chiasmolithus solitus are absent, whilst the taxon 
Cyclicargolithus floridanus shows higher abundances. 
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In addition, all samples contain Chiasmolithus gran-
dis (stratigraphic range= NP14-NP17) whilst Sphe-
nolithus predistentus (NP17-NP24) is present in the 
samples Ve1 and Ve2 and a single specimen of  He-
licosphaera compacta (NP17-NP24) is observed in the 
sample Ve1. These findings suggest that the Vedug-
gio section may be assigned to the Bartonian NP17 
nannofossil Zone. 

Arenite petrography

The analyzed arenites consist of  variable 
amounts of  Non-Carbonate Extrabasinal grains 
(NCE: Zuffa 1980), Carbonate Extrabasinal grains 
(CE), Non-Carbonate Intrabasinal grains (NCI) 
and Carbonate Intrabasinal grains (CI). NCE grains 
include quartz, both monocrystalline (commonly 
with “fast” extinction, pseudo-hexagonal outlines 
and less commonly with resorption embayments, 
all indicating a volcanic origin) and polycrystalline; 
feldspars, represented mostly by euhedral and rela-
tively fresh plagioclase, commonly twinned and/or 
zoned, and less frequently by alkalifelspar; and rock 
fragments, including volcanic lithics, chert, hypabys-
sal rock fragments and locally metamorphic rock 
fragments. CE grains include limestone and dolos-
tone lithoclasts, easily distinguished in thin sections 
stained with red alizarine. NCI grains (Garzanti 
1991) include clayey mudclasts, glauconite pellets, 
phosphate nodules and bioclasts. CI grains include 
carbonate bioclasts (benthic foraminifera, coralline 
algae, echinoids, bryozoans, planktonic foramin-
ifera) and marly mudclasts. Heavy minerals include 
opaques, brown and white mica flakes, locally abun-
dant hornblende and augite, apatite, zircon, mona-
zite, red chromian spinel (Sciunnach 2014), garnet, 
tourmaline, rutile, titanite, and epidote. The intersti-
tial fraction includes matrix, both detrital (micrite/
microsparite) and recrystallized (epimatrix sensu 
Dickinson 1970); rare syntaxial cement occurs as 
grain overgrowths, while authigenic calcite and 
opaques precipitated in secondary pores (Schmidt 
& McDonald 1979). Incidentally, in the studied ar-
enites all the main ambiguities commonly affecting 
grain identification - i.e., quartz vs. feldspar; chert 
vs. volcanic glass (Dutta 1990); carbonate lithics vs. 
intraclasts (Zuffa 1987) are represented.

Based on 21 modal analyses, detrital modes 
(QtFL of  Dickinson 1970) and NCE-CE-NCI-CI 

parameters of  Zuffa (1980) were obtained; the re-
sults are presented in Tab. 3 and Fig. 8.

Geochemistry of single detrital 
minerals

SEM-EDS microprobe analysis on detrital 
plagioclase from the Cibrone Fm. (Di Giulio et al. 
2005; Fig. 9) has revealed a calcic composition (lab-
radorite/bytownite: An55-85), recently confirmed 
also by analyses on different samples from the 
same localities (Di Capua et al. 2021a).

In nine sandstone samples from the Cibrone 
Fm., rare transparent detrital Cr-spinel occurs as 
angular to subangular, fragmentary to octahedral 
grains, averaging 100 µm in size, with a colour 
ranging in thin section from deep amber-red to 
coffee-brown. Cr-spinel, due to remarkable chem-

Fig. 8 - Detrital QtFL modes (Dickinson 1985) and NCE-CE-NCI-
CI triangular plots (Zuffa 1985) for the 21 analyzed arenite 
samples from central Brianza, compared to 11 samples pre-
viously described by Sciunnach & Borsato (1994) and Di Gi-
ulio et al. (2005). Polygons are one standard deviation each 
side of  the mean.
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ical stability under diagenetic conditions, preserves 
reliable information on petrogenetic environments. 
SEM-EDS microanalysis on 9 grains has revealed 
a Cr2O3 content of  34÷48%, corresponding to a 
Cr# (Cr/Cr + Al ratio) between 0.41 e 0.61 (Fig. 
10). Upon normalization of  microprobe data, the 
analyzed Cr-spinels can be classified as solid solu-
tions of  the end-members magnetite, chromite, 
Mg-ferrite, and Mg-chromite, with subordinate 
spinel and hercynite. The provenance of  such 
detrital Cr-spinels has been discussed in detail in 
Sciunnach (2014): possible recycling from the 
Permo-Mesozoic sedimentary successions of  the 
Southern Alps (where Cr-spinels have been found 
in Ladinian-Carnian units; Garzanti & Sciunnach 
1997) is not supported by invariably lower #Cr ra-
tio in the Cibrone Cr-spinels, that also displays only 
partial overlap with values of  Cr# recorded in the 
Val Nozza basaltic flow. Further clues militating 
against the recycling of  Cr-spinel from older sedi-
mentary units are the extremely poor content of  
Cr-spinel even in the Ladinian-Carnian units, and 
the relatively poor content, in most of  the Cibrone 
Fm. samples yielding detrital Cr-spinel, of  those 
carbonate lithics (CE, DE) that should derive from 
the associated Triassic succession. Rather, the com-
position of  the studied Cr-spinel is consistent with 
provenance from a wide range of  mafic and ultra-
mafic magmatic rocks probably occurring as xeno-
liths in the volcanic successions that represented 
the Source V of  the Cibrone Fm. (see below).

Discussion

Arenite provenance vs. texture
Provenance analysis of  the middle-late Eoce-

ne turbidites of  the Cibrone Fm. allowed us to iden-
tify at least three distinct source areas, from which 
diagnostic debris was derived; most of  the studied 
samples did not derive their detritus from a single 
source, but rather a continuum of  combinations of  

 

Fig. 10 - Mg# vs. Cr# plot for the analyzed detrital chromian spinels. 
A) (solid line) = field of  spinels from alpine-type ophiol-
ite complexes after Hamlyn & Bonatti (1980); B) (dotted 
line) = field of  spinel from Atlantic MORB after Sigurds-
son & Schilling (1976) and Jaques (1981); C) (dashed line) = 
field of  spinels from stratiform intrusions after Hamlyn & 
Bonatti (1980). Shaded areas indicate the Cr# ranges for spi-
nels from the Ladinian-Carnian succession of  the Southern 
Alps after Garzanti & Sciunnach (1997): dark grey = Car-
nian S. Giovanni Bianco Fm., light grey = Ladinian Wengen 
Fm., vertically striped = Carnian Val Nozza basaltic flow.

 
 
 

Fig. 9 - Standard Ab-An-Or compositional triangle for plagioclase 
crystals analyzed from samples Eo1, Eo2 (SS 36 exit, Cibro-
ne).
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variable amounts of  detritus from the three sources 
is observed.

Source S corresponds to a Mesozoic sedimen-
tary succession, eroded mostly in its upper levels 
(‘‘undissected stage of  continental block provenan-
ce’’ according to Garzanti et al. 2006), and only even-
tually as deep as into the metamorphic basement; 
samples mostly derived from this source (CIM, 
CIRO, Eo3) consist of  medium-grained calclithites, 
containing subordinate NCE and sparse bioclasts. 
Monocrystalline quartz prevails over polycrystalline 
quartz, whereas limestone and dolostone fragments 
prevail over chert lithics, with a Chert/(Chert + 
CE) ratio ranging from 5 to 10%. The abundance 
of  dolostone fragments (DE), expressed as DE/
(CE + DE), ranges from 26.6 to 27.8% in the two 
samples where (CE + DE) > 25% of  rock volume. 
Metamorphic rock fragments also occur.

Source V can be interpreted as a volcanic suc-
cession eroded soon after deposition (facies V2a of  
Zuffa 1985) or, more likely if  the poor alteration 
of  unstable Mg-Fe minerals and the fresh, euhedral 
habit of  plagioclase are considered, direct pyrocla-
stic debris into the basin (facies V2b of  Zuffa 1985). 
Both models are consistent with an active volcanic 
district in the source area, such as an island arc with 
intermediate to basic chemistry; chromian spinel is 
interpreted as an accessory mineral in harzburgite 
xenoliths dragged to the surface by basalt/andesite 
magmas (Sciunnach 2014). Samples mostly derived 
from this source are classified as very fine to fine-
grained, moderately to poorly sorted Pl-arenites 
(“Feldspat-Areniten” of  Kleboth 1982). Fresh and 
euhedral plagioclase crystals, commonly twinned 
and/or zoned, make up to 36% of  the rock volu-
me; volcanic quartz (0-7%) and lithics (3-18%) are 
subordinate, sedimentary lithics can be as abundant 
as 10%, whereas Mg-Fe accessories (amphibole, 
biotite, pyroxene, Cr-spinel and opaques) and other 
heavy minerals (mostly zircon and apatite) occur in 
variable abundance (1-8%). Intrabasinal grains con-
sist of  oversized mudclasts and planktonic forami-
nifera, that on the average represent about 12% of  
rock volume.

Source I corresponds to a starved continen-
tal platform, from which mostly intrabasinal detri-
tus was derived. Hybrid arenites dominated by this 
source are mostly coarse-grained, poorly-sorted 
feldspathic litharenites with abundant CI (see sec-
tion “Arenite fossil content”) and occasional in-

traclasts. Sparse glauconite and coarse-grained re-
crystallized calcite locally make the rock comparable 
to a poorly developed hard ground.

The resulting scenario sees the Brianza sec-
tor of  the Lombardian Basin receiving, since the 
mid-Lutetian (nannofossil Zone NP15), sand-sized 
detritus from three distinct sources: 1) a newly-
uplifted Mesozoic sedimentary succession eroded 
in its topmost units, that could be consistent with 
an accretionary prism related to the Alpine subduc-
tion; 2) basalt/andesite “neovolcanic” (sensu Zuffa 
1985) debris reworked by turbidity currents, consi-
stent with the structuring of  a juvenile island arc; 3) 
a starved continental shelf, shedding mostly intra-
basinal clasts (CI, NCI sensu Zuffa 1980), possibly 
developed on the distal ramp of  the forearc (Adria-
tic hinterland). The arenites documenting these th-
ree sources (being the source S located at North-
Northwest, the source V located at Northeast and 
the source I likely at South-Southeast)  alternate to 
prevailing hemipelagic marls rich in planktonic fo-
raminifera and calcareous nannofossils, that allowed 
us a precise dating of  the succession. 

The proposed reconstruction might fit a clas-
sical plate tectonics model for arc-trench systems, 
with the Mesozoic passive margin of  Adria already 
evolved into a hinterland basin as an effect of  the 
subduction of  the Alpine Tethys. 

As most samples belong to the same few bio-
zones, we assume that the observed spatial variabi-
lity in composition mostly reflects variable contri-
bution from different source areas in the same time 
interval; only in the case of  the Veduggio outcrop, 
a peculiar arenite composition, richer in polycrystal-
line quartz, metamorphic rock fragments and white 
mica, is associated to a younger age and therefore 
might reflect a vertical compositional trend, possi-
bly related to deeper dissection of  source S.

Arenite texture needs to be considered to cor-
rectly interpreting provenance signals (e.g., Garzan-
ti et al. 2004 and references therein). The Cibrone 
Fm. arenites from the Cibrone Cemetery section 
display similar grain size, clustering in just four Φ/4 
classes (2.75 to 2.00). Therefore, the observed verti-
cal compositional trends of  the Q and F parameters 
(with Q decreasing from 12-19 to 1-7, F increasing 
from 51-66 to 71-73 base to top) cannot be deter-
mined by grain size variations, commonly affecting 
feldspar content (Odom et al. 1976). On the other 
hand, in the Missaglia section, the coarsest arenites 
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(Φ = 0.50 to 0.25) display the same feldspar content 
(F = 38 to 39) of  the finest (Φ= 2.25). Independ-
ence of  feldspar content from grain size seemingly 
reflects ineffective hydraulic sorting in these textur-
ally immature arenites.

A possible explanation for the higher rock 
fragments content of  the Missaglia arenites, com-
pared to the coeval ones from the Cibrone Ceme-
tery section (BS 6 to BS 11), might be their coarser 
grain size: but this cannot account for their high-
er content also of  fine-grained lithics (limestone, 
dolostone, chert), indicating a higher contribution 
from the Mesozoic sedimentary succession.

Local correlation
If  the base of  the Cibrone Fm. is clearly ex-

posed in the Cibrone Cemetery section, the mutual 
stratigraphic position of  the SS36 exit and of  the 
Rio di Ceresa sections are uncertain as they both be-
long to the NP16 nannofossil Zone. Thin and rare 
arenite layers (sample CCARN) in the Rio di Ceresa 
section militate against a lateral equivalence of  two 
sections that are so closely spaced in the field; more-
over, despite overall comparable detrital modes, the 
only arenite sample from Rio di Ceresa displays CE 
lithics that are absent in the studied samples from 
the SS36 exit. Therefore, the Rio di Ceresa section 
might overlie the SS36 exit section, documenting a 
stage of  prevailing hemipelagic sedimentation af-
ter a series of  volcanic episodes documented both 
in the Cibrone Cemetery and in the SS36 exit sec-
tions; alternatively, it might document a period of  
relative quiescence in volcanic activity between the 
two. Whatever the solution, it seems that at least 115 
m of  the Cibrone Fm. were deposited during part 
of  Zone NP16, allowing to calculate a sediment ac-
cumulation rate of  at least 29 m/Myr - about three 
times as much as in the underlying Tabiago Fm. 
(Tremolada et al. 2008; Premoli Silva et al. 2010). 

The boundary between the Tabiago and 
Cibrone Fms., exposed only on the southern slope 
of  the hillock just north of  the Cibrone Cemetery 
(Fig. 5), is found also in the Po Plain subsurface 
where it is dated as early Lutetian (Di Giulio et al. 
2001). To explain the decrease of  carbonate content 
in the marlstones below (80%) and above (50%) the 
boundary, Di Giulio et al. (2001) consider two al-
ternative explanations, 1) a reduction in carbonate 
productivity, and 2) an increase in siliciclastic input, 
choosing the latter as the most likely. In our view, the 

increase in the sedimentation rate recorded across 
the boundary clearly indicates silicilastic input as the 
main cause for the decrease of  carbonate content 
in the Cibrone Fm.; if  the alternative explanation is 
considered, a decrease in sedimentation rate would 
be expected instead. We suggest, however, that the 
explanation given by Di Giulio et al. (2001) for the 
increase of  siliciclastic input (i.e., increased rainfall) 
should be complemented by volcanic activity, shed-
ding pyroclastic detritus in the basin, and tectonic 
uplift and erosion of  the subduction complex.

Different composition of  texturally immature 
arenites that belong to the same nannofossil zone 
(samples BS6-14 and α0-β4: Tab. 3) and are exposed 
less than 10 km apart seems to indicate a complex 
drainage pattern, characterized by limited disper-
sal and rapid burial of  detritus derived from local 
source areas. Therefore, in this case petrofacies re-
sults to be unreliable as a tool for correlation, in the 
terms proposed by Dickinson & Rich (1972). 

Instead, the Veduggio outcrop represents for 
sure the topmost part of  the Cibrone Fm., as docu-
mented by the NP17 age of  the intercalated marls. 
The remarkable shift in arenite composition record-
ed by this outcrop, and likewise by the very similar 
CIRO sample (Fig. 8; Tab. 3), relative to the underly-
ing succession (with Q passing from < 10% to 40-
50%, C/Q passing from 0% to 30-40%, F dropping 
from 70-80% to 5-10% and L increasing from 20-
30% to 40-50%, also due to the appearance of  com-
mon metamorphic rock fragments) might thus be 
interpreted as the effect of  a vertical compositional 
trend, possibly explained by active thrusting and/or 
unroofing of  deeper crustal levels in the subduction 
complex. Unfortunately, this tempting interpreta-
tion relies only on the composition of  sample Eo3, 
because the sample of  nearly identical petrography 
CIRO is not biostratigraphically constrained.

On two arenite beds (corresponding to sam-
ples Eo1, Eo2) from the Cibrone SS36 exit, FT ages 
on detrital apatites were obtained (Malusà et al. 2011). 
Apatites obtained from the Cibrone Fm. arenites 
display euhedral crystal shape and homogeneous FT 
distribution, representing a single crystal population 
and indicating a clear volcanic origin (Malusà, pers. 
comm.); however, their FT ages of  30.1 ± 2.5 and 
30.2 ± 2.7 Ma are at least 10 Ma younger than bio-
stratigraphic ages (Zones P12-NP16 range 40-44 Ma 
according to standard timescales) and therefore can 
be interpreted only as exhumation ages. At a normal 
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gradient, this would require a 4-5 km burial depth to 
achieve total annealing of  the original fission tracks, 
which seems to be way too much according to the 
observed accumulation rates. An alternative expla-
nation would be a very high geothermal gradient in 
the Early Oligocene, possibly linked to the regional 
magmatic activity (e.g., Bergell Pluton, ca. 31 Ma; 
Tiepolo et al. 2014). This would also fit diagenetic 
paths recorded by Carnian sandstones in the Orobic 
Prealps as interpreted in Garzanti (1985). The issue 
exceeds the scope of  the present paper but definitely 
requires further investigation, e.g. fission track analy-
sis and U/Pb datings on detrital zircon or U/Th/He 
on apatite from the same samples.

Regional correlation and tectonic setting
The neovolcanic detritus characterizing the 

Cibrone Fm. arenites fed by source V is common 
also to correlatable stratigraphic intervals exposed 
both in the Trentino area and in the Epiligurian 
Units of  the Northern Appennines (Fig. 1).

Trentino. In the Trentino-Alto Adige region, 
stratigraphic evidence of  intermediate volcanism 
during the Eocene has been reported by several au-
thors (Piccoli 1966; Bars & Grigoriadis 1969; Mair 
et al. 1996). Plagioclase-arenites similar to those 
from the Cibrone Fm. (although they completely 
lack sedimentary rock fragments: Tab. 3), occur in 
the upper part of  the Ponte Pià Fm., on the eastern 
side of  the Molveno Lake (Trento Province; Sciun-
nach & Borsato 1994), in various localities from the 
Giudicarie fault zone where the so-called “Sarca di 
Campiglio Member” is exposed (Martin & Macera 
2014), and in general in the area of  the 1:50,000 geo-
logical sheet 059 “Tione di Trento” (Castellarin et al. 
2005a). “Pyroclastic arenite” intervals in the Ponte 
Pià Fm. are mentioned also in the explanatory notes 
of  the 1:50,000 geological sheet 080 “Riva del Gar-
da” (Castellarin et al. 2005b), where however are not 
described in detail.

Northern Apennines. Mostly medium-grained 
and well-sorted plagioclase-arenites occur in the 
lower part of  the Marne di Monte Piano (Di Gi-
ulio et al. 2005), at Montacuto di Ponte Nizza (Pavia 
Province) and at Moncasacco (Piacenza Province) 
in the area of  the 1:50,000 geological sheet 178 
“Voghera” (Vercesi et al. 2014). The sample from 
Montacuto records a very high abundance of  heavy 
minerals, mostly biotite and opaques, representing 
30% of  rock volume (Tab. 3). These peculiar char-

acters, coupled with rare carbonate intraclasts and 
bioclasts (less than 6% of  rock volume), suggest 
that these arenites, rather than turbidites fed by the 
reworking of  an original crystal tuff  (facies V2a of  
Zuffa 1985), might represent a crystal tuff  itself  (fa-
cies V2b or V3 of  Zuffa 1985). In both areas, medi-
um-grained plagioclase-arenites occur as decimetric 
layers in prevailing marlstones (Fig. 4B) and cannot 
be represented at mapping scale; the 178 “Voghera” 
Sheet explanatory notes even fail to mention them. 

Further evidence for Eocene volcanic activity 
in adjoining areas is represented by the buried Mor-
tara volcano (Falletti et al. 1994, Fantoni et al. 2004), 
which still preserves the shape and dimensions of  a 
volcanic edifice whose outer slopes are mantled by 
hemipelagic sediments as old as the Eocene, and by 
the Peri-Adriatic plutons, especially the Adamello 
Batholith (Callegari & Brack 2002), whose oldest 
cooling ages range from 43.47 ± 0.16 to 39.1 ± 0.3 
Ma (U/Pb on zircon: Schaltegger et al. 2019).

In the Orobic Alps, the Gandino and the 
Presolana dyke swarms revealed U-Pb zircon ages 
bracketed to the middle-late Eocene (D’Adda et al. 
2010), suggesting close time relationships between 
the earliest Adamello intrusion stages and the Alpine 
dyke magmatism widespread all-over central Lom-
bardy.

The Eocene Lombardian Basin, seemingly 
bracketed between a subduction complex (accre-
tionary prism) at NW and a volcanic arc stretching 
from SW to NE in the present geographic setting 
(Fig. 11), finds actualistic models in many arc-trench 
systems worldwide and supports the most recent 
palaeotectonic and paleogeographic reconstructions 
available in the literature for the considered time slice 
(Ji et al. 2019;  Lu et al. 2019), which recognize slab 
steepening, rather than slab break-off, as a source 
of  magma generation and admit the occurrence of  
an emerged subduction complex northwest of  the 
study area. The alternative model of  a cordilleran, 
Andean-type magmatism is at odds with persisting 
hemipelagic sedimentation in the Lombardian Ba-
sin from Paleocene to middle Eocene times and the 
missing evidence for thrust stacking in the Southern 
Alps during the Mesoalpine “phase” (Schönborn, 
1992)

Over a wider area, stretching from the Jura-
Helvetic Nappes (i.e., Haute-Savoie, Alpe de Tavey-
anne, Glarus) to the Parma Northern Apennines, 
sandstones fed by “andesitic” detritus can be found 
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as upwards in the stratigraphic columns as in the 
Lower Oligocene (i.e., Taveyannaz Fm. or Tavey-
anne Sandstones of  Vuagnat 1985 and Ruffini et al. 
1997; Val d’Aveto-Petrignacola Sandstones of  Elter 
et al. 1999 and Mattioli et al. 2012). Relationships 
between the sediment sources and sinks for these 
units have been discussed in detail by Lu et al. (2019) 
and Di Capua et al. (2021a) and go far beyond the 
scope of  the present paper. However, geochemical 
signatures of  single diagnostic minerals support de-
tailed provenance analyses documenting the prevail-
ing influence of  the Biella Pluton and the Bergell 
Tonalite as source rocks for the Helvetic basins dur-
ing the Oligocene (Lu et al. 2019), while a “south-
western” (Ligurian-Provençale) origin for the Val 
d’Aveto-Petrignacola clastics is indicated (Di Capua 
et al. 2021a). 

The middle to late Eocene magmatic activity 
recorded in Trentino, in Brianza and in the Pavia-Pi-
acenza Northern Apennines displays a calc-alkaline 
signature and therefore is clearly distinct, not only 
spatially but also geochemically, from the roughly 
contemporaneous anorogenic magmatism in the 
Veneto Province (Martin & Macera 2014).

Conclusions

At the close of  the Paleocene, starting from 
Zone NP7, hemipelagic sedimentation in Scaglia 
facies in the Lombardian Basin was episodically 
replaced by mass sedimentation including up to 
coarse-grained bioclasts and intraclasts reworked 
from a shelf  (Montorfano Mb. of  the Tabiago Fm. 
in Bini et al. 2014). Since Lutetian times, peculiar 
arenites, consisting of  prevailing fresh and euhedral 
plagioclase, along with variable amounts of  quartz, 
volcanic rock fragments, ferromagnesian minerals 
(essentially amphibole and biotite), opaques and in-
trabasinal bioclasts, as well as minor zircon, apatite 
and chromian spinel, were deposited over a wide 
area in Northern Italy, stretching from Brianza as 
southwards as the Northern Apennines (Pavia and 
Piacenza Provinces) and as eastwards as to the Giu-
dicarie belt (Trento Province). Such arenites can be 
interpreted as volcaniclastic sandstones or reworked 
crystal tuffs (V2 to V3 of  Zuffa 1985) depending 
on local conditions. The few available paleocurrent 
data, all indicating westward sediment flows, sup-
port the paleogeographic reconstructions propo-

Fig. 11 - Ideal cartoon showing a non-palinspastic reconstruction of  some structural elements of  the Lombardian basin in the Eocene (loca-
tion map as a close-up of  Fig. 1). A question mark is placed on the possible Bergamasc Valleys volcano(es), documented only by dyke 
swarms.  “Ancient Alpine front” for the Lutetian-Priabonian after Lu et al. (2019); boundary between areas of  calc-alkaline (west) and 
alkaline/anorogenic (east) volcanism according to Martin & Macera (2014). ECA b&cns = “Early Central Alpine basement and cover 
nappe stack” of  Lu et al. (2019). 
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sed by Martin & Macera (2014) and Di Capua et al. 
(2021a).

In the study area, these peculiar plagioclase-
arenites are concentrated in middle Eocene (Lute-
tian to Bartonian) sediments. Dating of  the arenites 
is particularly precise and reliable where they are in-
tercalated to hemipelagic marlstones rich in plankto-
nic foraminifera and calcareous nannofossils, both 
offering good biostratigraphic age constraints. The 
typical plagioclase-arenites from the Cibrone Fm. 
are invariably confined to the NP15c - NP17 nanno-
fossil Zones, with a remarkable cluster in the P12/
NP16 Zones.

Neovolcanic products, resedimented in hemi-
pelagic basins locally receiving negligible or no sand 
supplies from continental areas, coherently point to 
a magmatic island arc as the most likely source area. 
This arc, which was active somewhere in the Adriatic 
hinterland during subduction of  oceanic remnants 
of  the Alpine Tethys underneath Adria, was even-
tually abandoned since the Oligocene, possibly due 
to slab break-off  (Handy et al. 2010). The “pre-col-
lisional” stage of  island arc magmatism is poorly do-
cumented in outcrop because of  generalised uplift 
and erosion of  the Palaeogene succession starting 
from the collisional stage: this is accounted for by li-
mited preservation of  the plagioclase-arenites, com-
monly at the core of  synclines (Molveno and Ci-
brone areas). A remarkable exception is represented 
by the Mortara volcano, still buried in the Po Plain 
subsurface.

The prevailing island arc provenance can be 
locally mixed with contributions from two more 
main sources, i.e., recycled orogen and starved conti-
nental shelf. Recycled orogen provenance, documen-
ted by sedimentary clasts distinctly derived from the 
Jurassic-Early Cretaceous succession of  the Alpine 
Tethys (and probably reaching down into the Trias-
sic when dolostone clasts appear), can be referred to 
a subduction complex which is expected to match a 
volcanic island arc according to plate tectonic mo-
dels. A few arenite beds, sampled near Cibrone and 
at Veduggio, display a drastic change in composition 
relative to the prevailing, plagioclase-rich arenites, as 
quartz (especially polycrystalline quartz) and meta-
morphic rock fragments, negligible in all the other 
arenite samples, become frequent; since the Vedug-
gio sample can be referred to the NP17 Zone, this 
shift possibly indicates the unroofing of  deeper cru-
stal levels within the subduction complex.

In the Brianza succession, no evidence for 
the NP18 to NP23 Zones (late Eocene to Early 
Oligocene) has ever been recorded to date; the 
youngest sediments from the Cibrone Fm. belong 
to the NP17 Zone, while the oldest Oligocene se-
diments belong to the Chattian nannofossil Zone 
NP24b (Tremolada et al. 2010). This indicates a ≈ 
9 Ma hiatus, from about 37 to 28 Ma, consistent 
with the apatite ages of  Malusà et al. (2011), and 
during which the Mesozoic to Paleogene succession 
could have been deformed and exhumed within the 
uprising, south-verging Alpine thrust-and-fold belt 
that was to feed with detritus the GLG clastic wed-
ges. Such ages are also consistent with the ≈ 35 Ma 
age of  the transition from Alpine Tethys subduc-
tion and Alpine collision indicated by Handy et al. 
(2010), possibly associated to slab break-off  in the 
Alpine Tethys.
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Conférence, Nice, September 25-28, Abstract volume.

Bernoulli D., Schaltegger U., Stern W.B., Frey M., Caron M. & 
Monechi S. (2004) - Volcanic ash layers in the Upper Cre-
taceous of  the Central Apennines and a numerical age 
for the early Campanian. The International Journal of  Earth 
Sciences, 93: 384-399.

Bersezio R., Fornaciari M. & Gelati R. (1990) - Geologic map 
of  the Southalpine foothills between Brianza and Iseo 
Lake. Memorie della Società Geologica Italiana, 45.

Bersezio R., Fornaciari M., Gelati R., Napolitano A. & Valdi-
sturlo A. (1993) - The significance of  the Upper Creta-
ceous to Miocene clastic wedges in the deformation his-
tory of  the Lombardian southern Alps. Géologie Alpine,  
69: 3-20.

Bersezio R., Bini A., Gelati R., Ferliga C., Rigamonti I. & Strini 
A. (2014) - Carta Geologica d’Italia 1:50.000, Foglio 097 
“Vimercate” con Note illustrative, Servizio Geologico 
d’Italia, 293 pp.

Bertotti G., Picotti V., Bernoulli D. & Castellarin A. (1993) - 
From rifting to drifting: tectonic evolution of  the South-
Alpine upper crust from the Triassic to the Early Creta-
ceous. Sedimentary Geology, 86: 53–76.

Bigi G., Cosentino D., Parotto M., Sartori R. & Scandone P. 
(1990) - Structural model of  Italy. C.N.R. Progetto Final-
izzato Geodinamica, 9 sheets 1:500,000.

Bini A., Sciunnach D., Bersezio R., Scardia G., Tomasi F., Be-
retta G.P., Carcano C., Gelati R., Miletta S., Premoli Silva 
I., Rogledi S., Rovida A., Strini A., Stucchi M. & Tremo-
lada F. (2014) - Carta geologica d’Italia 1: 50.000, Foglio 
096 “Seregno” con Note illustrative, Servizio Geologico 
d’Italia, 189 pp.

Bolli H.M. & Cita M.B. (1960a) - Upper Cretaceous and Low-
er Tertiary planktonic foraminifera from the Paderno 
d’Adda section, Northern Italy. Proceedings of  the XXI In-
ternational Geologists Congress, 5: 150-161.

Bolli H.M. & Cita M.B. (1960b) - Globigerine e Globorotalie 
del Paleocene di Paderno d’Adda (Italia). Rivista Italiana di 
Paleontologia e Stratigrafia, 66: 361-408.

Bown P.R. & Young J.R. (1998) - Techniques.  In: Bown P.R. 
(Ed) - Calcareous Nannofossil Biostratigraphy: 16-28 
(British Micropalaeontological Society Publications Se-
ries), Chapman and Kluwer Academic.

Callegari E. & Brack P. (2002) - Geological map of  the Tertiary 
Adamello Batholith (Northern Italy). Explanatory notes 
and legend. Memorie di Scienze Geologiche, 54: 19-49.

Carver R.E. (1971) - Procedures in Sedimentary Petrology. 
Wiley Interscience, 653 pp.

Castellarin A., Dal Piaz G.V., Picotti V., Selli L., Cantelli L., Mar-
tin S., Montresor L., Rigatti G., Prosser G., Bollettinari G., 

Pellegrini G.B., Carton A. & Nardin M. (2005a) - Carta 
Geologica d’ltalia 1:50.000, F. 059 “Tione di Trento” con 
Note illustrative, Servizio Geologico d’Italia, 159 pp.

Castellarin A., Picotti V., Cantelli L., Claps M., Trombetta L., 
Selli L., Carton A., Borsato A., Daminato F., Nardin M., 
Santuliana E., Veronese L. & Bollettinari G. (2005b) - 
Carta Geologica d’ltalia 1:50.000, F. 080 “Riva del Garda” 
con Note illustrative, Servizio Geologico d’Italia, 145 pp.

Cibin U., Spadafora E., Zuffa G.G. & Castellarin A. (2001) - 
Continental collision history from arenites of  episutural 
basins in the Northern Apennines, Italy. Geological Society 
of  America Bulettin, 113: 4-19.

Cibin U., Di Giulio A., Martelli L., Catanzariti R., Poccianti S., 
Rosselli C. & Sani F. (2004) - Factors controlling fore-
deep turbidite deposition: the case of  Northern Apen-
nines (Oligocene-Miocene, Italy). In: Lomas S. & Joseph 
P. (Eds),  Confined turbidite systems. Geological Society of  
London Special Publication, 222: 115-134.

Cita M.B. (1965) - Jurassic, Cretaceous and Tertiary microfa-
cies from the Southern Alps (Northern Italy). International 
Sedimentary Petrographical Series, E.J. Brill, 99 pp.

Cita M.B., Premoli Silva I., Toumarkine M., Bolli H.M., Lu-
terbacher H.P., Mohler H.P. & Schaub H. (1968) - Le 
Paléocène et l’Eocène de Paderno d’Adda (Italie sep-
tentrionale). Mémoires du Bureau de recherches géologiques et 
minières, 58: 611-627.

Coletti G., Vezzoli G., Di Capua A. & Basso D. (2016) - Recon-
struction of  a lost carbonate factory based on its biogenic 
detritus (Ternate-Travedona Formation and Gonfolite 
Lombarda Group - Northern Italy). Rivista Italiana di Pale-
ontologia e Stratigrafia, 122(3): 1-22.

D’Adda P. (2010) - Eo-Alpine evolution of  the central South-
ern Alps: Insights from structural analysis and new geo-
chronological constraints. Ph.D. dissert., Univ. di Milano-
Bicocca, 118 pagg.

D’Adda P., Zanchetta S., Zanchi A., Malusà M.G., Berra F., 
Bergomi M., Barberini V. & Villa I.M. (2010) - New 
geochronological constrains in the Orobic Alps: a proxy 
for Late Cretaceous and Eocene compressions in the 
central Southern Alps. Geophysical Research Abstracts 12, 
EGU2010-8431.

Di Capua A., Barilaro F. & Groppelli G. (2021a) - Volcanism and 
Volcanogenic Submarine Sedimentation in the Paleogene 
Foreland Basins of  the Alps: Reassessing the Source-to-
Sink Systems with an Actualist View. Geosciences, 11/23, 21 
pp. https://doi.org/10.3390/geosciences11010023

Di Capua A., Barilaro F. & Groppelli G. (2021b) - Deep-Water 
Accumulation of  Volcaniclastic Detritus from a Petro-
graphic Point of  View: Beginning a Discussion from 
the Alpine Peripheral Basins. Geosciences, 11/441, 12 pp. 
https://doi.org/10.3390/geosciences11110441

Dickinson W.R. (1970) - Interpreting detrital modes of  gray-
wacke and arkose. Journal of  Sedimentary Petrology, 40: 695-
707.

Dickinson W.R. (1985) - Interpreting provenance relations 
from detrital modes of  sandstones. In: Zuffa G.G. (Ed) - 
Provenance of  arenites, NATO-ASI Series: 333-361.

Dickinson W.R. & Rich E.I. (1972) - Petrologic intervals and 



The middle Eocene in the Alpine retroforeland basin (Northern Italy) 251

petrofacies in the Great Valley Sequence, Sacramento 
Valley, California. Geological Society of  America Bulletin, 83: 
3007-3024.

Di Giulio A. (1999) - Mass transfer from the Alps to the Apen-
nines: volumetric constraints in the provenance study of  
the Macigno–Modino source–basin system, Chattian–
Aquitanian, northwestern Italy. Sedimentary Geology, 124: 
69-80.

Di Giulio A., Carrapa B., Fantoni R., Gorla L. & Valdisturlo A. 
(2001) - Middle Eocene-Early Miocene sedimentary evo-
lution of  the Western Lombardy South Alpine foredeep 
(Italy). International Journal of  Earth Sciences, 90: 534-548.

Di Giulio A., Dunkl I., Falletti P. & Sciunnach D. (2005) - 
Plagioclase-arenites from the Northern Apennines and 
Southern Alps: record of  a Paleogene island arc related 
to Alpine subduction. 7th Alpine Workshop, Opatija, Ab-
stract book: 21-22.

Di Giulio A., Mancin N., Martelli L. & Sani F. (2013) - Foredeep 
palaeobathymetry and subsidence trends during advanc-
ing then retreating subduction: The Northern Apennine 
case (Oligocene-Miocene, Italy). Basin Research, 25(3): 
260-284. https://doi.org/10.1111/bre.12002.

Doglioni C. & Bosellini A. (1987) - Eoalpine and mesoalpine 
tectonics in the Southern Alps. Geologische Rundschau, 76: 
735-754.

Dondi L., Mostardini F. & Rizzini A. (1982) - Lessico delle 
Formazioni del bacino padano orientale. In: Cremonini 
G. & Ricci Lucchi F. (Eds), Guida alla geologia del mar-
gine appenninico-padano. Guide Geologiche Regionali - Socie-
tà Geologica Italiana: 205-236.

Dutta P.K. (1990) - Oxygene isotopic signature of  detrital chert 
as a provenance indicator. 13th International Sedimenta-
ry Congress, Nottingham: 147-148.

Elter P., Catanzariti R., Ghiselli F., Marroni M., Molli G., Ot-
tria G. & Pandolfi L. (1999) - L’Unità Aveto (Appennino 
Settentrionale): Caratteristiche litostratigrafiche, biogra-
fia, petrografia delle areniti e assetto strutturale. Bollettino 
della Società Geologica Italiana, 118: 41-63.

Falletti P., Gelati R. & Rogledi S. (1994) - Oligo-Miocene evolu-
tion of  Monferrato and Langhe, related to deep struc-
tures. In: Polino R. & Sacchi R. (Eds), Atti del Convegno 
“Rapporti Alpi-Appennino”, Accademia Nazionale delle 
Scienze, 14: 1-19.

Fantoni R., Bersezio R. & Forcella F. (2004) - Alpine structure 
and deformation chronology at the Southern Alps-Po 
Plain border Lombardy. Bollettino della Società Geologica Ital-
iana, 123: 463-476.

Franchino A. (1958) - Il Flysch e la Scaglia della Brianza orien-
tale fra Olginate e Cernusco Montevecchia. Rivista Italiana 
di Paleontologia e Stratigrafia, 64(1): 47-62.

Franchino A. & Cairo E. (1984) - Segnalazione di Eocene In-
feriore e Medio nell’area a Sud di Montevecchia (Brianza 
orientale). Atti dell' Istituto di Geologia dell'Università di Pavia, 
30: 234-240.

Frey M., Desmons J. & Neubauer F. (1999) - The new meta-
morphic map of  the Alps: Introduction. Schweizerische 
mineralogische und petrographische Mitteilungen, 79: 1-4. 

Galbiati B. (1969) - Stratigrafia e tettonica delle colline di Mon-

tevecchia e Lissolo (Brianza orientale). Atti dell' Istituto di 
Geologia dell'Università di Pavia, 20: 101-119.

Garzanti E. (1985) - Petrography and diagenesis of  Upper Tri-
assic volcanic arenites (S. Giovanni Bianco, Gorno and 
Val Sabbia formations; Bergamasc Alps). Bollettino della 
Società Geologica Italiana, 104(1): 3-20.

Garzanti E. (1991) - Non-carbonate intrabasinal grains in ar-
enites: their recognition, significance, and relationship to 
eustatic cycles and tectonic setting. Journal of  Sedimentary 
Petrology, 61: 959-975.

Garzanti E. & Sciunnach D. (1997) - Permo-Triassic evolution 
– constraints from the sedimentary record. Ofioliti, 22: 
147-151.

Garzanti E., Andò S. & Vezzoli G. (2006) - The continental 
crust as a source of  sand (Southern Alps Cross Section, 
Northern Italy). Journal of  Geology, 114: 533–554.

Garzanti E., Sciunnach D. & Confalonieri M.P. (2004) - Dis-
criminating source and environmental control from de-
trital modes of  Permo-Triassic fluvio-deltaic sandstones: 
I. Southern Alps (Lombardy, Italy). Memorie descrittive della 
Carta Geologica d'Italia, 61 (2002): 63-82.

Gnaccolini M. (1971) - Sedimentologia dei Conglomerati di 
Sirone. Rivista Italiana di Paleontologia e Stratigrafia, 77: 1-9.

Gradstein F.M, Ogg J.G., Schmitz M. & Ogg G. (2020) - The 
Geologic Time Scale 2020. Elsevier, 1357 pp.

Hamlyn P.R. & Bonatti E. (1980) - Petrology of  mantle-derived 
ultramafics from the Owen Fracture Zone, northwest In-
dian Ocean: Implications for the nature of  the oceanic 
upper mantle. Earth and Planetary Science Letters, 48: 65-79.

Handy M.R., Schmid S.M., Bousquet R., Kissling E. & Bernoul-
li D. (2010) - Reconciling plate-tectonic reconstructions 
of  Alpine Tethys with the geological–geophysical record 
of  spreading and subduction in the Alps. Earth-Science Re-
views, 102: 121-158.

Jaques A.L. (1981) - Petrology and petrogenesis of  cumulate 
peridotites and gabbros from the Marum Ophiolite 
Complex, northern Papua New Guinea. Journal of  Petrol-
ogy, 22: 1-40.

Ji W.-Q., Malusà M.G., Tiepolo M., Langone A., Zhao L. & Wu 
F.-Y. (2019) - Synchronous Periadriatic magmatism in the 
Western and Central Alps in the absence of  slab breakoff. 
Terra Nova, 31: 120-128.

Kleboth P. (1982) - Stratigraphie und Sedimentologie der höher-
en Oberkreide und des Alttertiärs der Brianza (Provinz 
Como, Italien). Memorie di Scienze Geologiche, 35: 214-282.

Lu G., Di Capua A., Winkler W., Rahn M., Guillong M., von 
Quadt A. & Willett S. (2019) - Restoring the source-to-
sink relationships in the Paleogene foreland basins in the 
Central and Southern Alps (Switzerland, Italy, France): 
a detrital zircon study approach. International Journal of  
Earth Sciences, 108(6): 1817-1834.

Luciani V. (1989) - Stratigrafia sequenziale del Terziario nella 
Catena del Monte Baldo (Provincie di Verona e Trento). 
Memorie di Scienze Geologiche, 41: 263-351.

Mair V., Stingl V., Krois P. & Keim L. (1996) - Die Bedeutung 
andesitischer und dazitischer Gerölle im Unterinntal-Ter-
tiär (Tirol, Osterreich) und im Tertiär des Mte. Parei (Do-
lomiten, Italien). Neues Jahrbuch für Geologie und Paläontologie, 



Sciunnach D., Tremolada F., Premoli Silva I. & Scardia G.252

199(3): 369-394.
Malusà M.G., Villa I.M., Vezzoli G. & Garzanti E. (2011) - De-

trital geochronology of  unroofing magmatic complexes 
and the slow erosion of  Oligocene volcanoes in the Alps. 
Earth and Planetary Science Letters, 301: 324-336.

Mancin N., Ceriani A., Tagni F. & Brambilla G. (2001) - La 
formazione di Ternate (Italia settentrionale): contenuto 
micropaleontologico e caratterizzazione petrografica. 
Atti Ticinensi di Scienze della Terra, 42: 37-46.

Martin S. & Macera P. (2014) - Tertiary volcanism in the Italian 
Alps (Giudicarie fault zone, NE Italy): insight for double 
alpine magmatic arc. Italian Journal of  Geosciences (Bollettino 
della Società Geologica Italiana), 133(1): 63-84.

Martini E. (1971) - Standard Tertiary and Quaternary calcare-
ous nannoplankton zonation. In: Farinacci A. (Ed.) - Pro-
ceedings of  the Second Planktonic Conference – Roma, 
2: 739-785.

Mattioli M., Lustrino M., Ronca S. & Bianchini G. (2012) - Al-
pine subduction imprint in Apennine volcaniclastic rocks. 
Geochemical-petrographic constraints and geodynamic 
implications from Early Oligocene Aveto-Petrignacola 
Formation (N Italy). Lithos, 134-135: 201-220.

Michelsen O., Thomsen E., Danielsen M., Heilmann-Clausen 
C., Jordt H. & Laursen G.V. (1998) - Cenozoic sequence 
stratigraphy in the eastern North Sea. In: de Graciansky 
P.C., Jacquin T. & Vail P.R. (Eds) - SEPM Special Publica-
tions, 60: 91-118.

Odom I.E., Doe T.W. & Dott R.H. Jr. (1976) - Nature of  feld-
spar-grain size relations in some quartz-rich sandstones. 
Journal of  Sedimentary Petrology, 46: 862-870.

Pearson P.N., Olsson R.K., Hemblen C., Huber B.T. & Berg-
gren W.A. (2006) - Atlas of  Eocene Planktonic Foramin-
ifera. Cushman Foundation Special Publications, 41, 513 
pp.

Perch-Nielsen K. (1985) - Mesozoic Calcareous Nannofossils. 
In: Bolli H.M., Saunders J.B. & Perch-Nielsen K. (Eds) - 
Plankton Stratigraphy, Cambridge Univ. Press: 329-426.

Petti F.M. & Falorni P. (2005a) - Scaglia Cinerea. In: Cita M.B. 
et al. (Eds) - Carta Geologica d’Italia 1: 50.000, Catalogo 
delle Formazioni – unità validate. Quaderni APAT Serie 
III, 7/VI: 223-234.

Petti F.M. & Falorni P. (2005b) - Bisciaro. In: Cita M.B. et al. 
(Eds) - Carta Geologica d’Italia 1: 50.000, Catalogo delle 
Formazioni – unità validate. Quaderni APAT Serie III, 7/
VI: 240–247.

Piccoli G. (1966) - Subaqueous and Subaerial Basic Volcanic 
Eruptions in the Paleogene of  the Lessinian Alps (South-
ern Alps, NE-Italy). Bulletin of  Volcanology, 29: 253-270.

Pieri M. & Groppi G. (1981) - Subsurface geological structure 
of  the Po Plain (Italy). CNR Progetto Finalizzato Geo-
dinamica, Pubblicazione 414 CNR, 13 pp.

Polino R., Dal Piaz G.V. & Gosso G. (1990) - Tectonic ero-
sion at the Adria margin and accretionary processes for 
the Cretaceous orogeny of  the Alps.  Mémoires de la Société 
géologique de France, 156: 345-367.

Premoli Silva I. & Luterbacher H.P. (1966) - The Cretaceous-
Tertiary boundary in the Southern Alps (Italy). Rivista Ital-
iana di Paleontologia e Stratigrafia, 72(4): 1183-1266.

Premoli Silva I., Tremolada F., Sciunnach D. & Scardia G. 
(2010) - Aggiornamenti biocronologici e nuove interpre-
tazioni ambientali sul Paleocene-Eocene della Brianza 
(Lombardia). In: Orombelli G., Cassinis G. & Gaetani 
M. (Eds) - Una nuova geologia per la Lombardia, Istituto 
Lombardo – Accademia di Scienze e Lettere Incontri di 
Studio, 54: 141-160.

Rizzini A. & Dondi L. (1979) - Messinian evolution of  the Po 
Basin and their economic implications (hydrocarbons). 
Palaeogeography, Palaeoclimatology, Palaeoecology, 29: 41-74.

Ruffini R., Polino R., Callegari E., Hunziker L.C. & Pfeifer H.R. 
(1997) - Volcanic clast rich turbidites of  the Taveyanne 
sandstone from the Thônes syncline (Savoie France): re-
cords for a Tertiary postcollisional volcanism. Schweizeri-
sche mineralogische und petrographische Mitteilungen, 77: 161-
174.

Schaltegger U., Nowak A., Ulianov A., Fischer C.M., Gerdes A., 
Spikings R., Whitehouse M.J., Bindeman I., Hanchar J.M., 
Duff  J., Vervoort J.D., Sheldrake T., Caricchi L., Brack P. 
& Müntener O. (2019) - Zircon Petrochronology and 
40Ar/39Ar Thermochronology of  the Adamello Intrusive 
Suite, N. Italy: Monitoring the Growth and Decay of  an 
Incrementally Assembled Magmatic System. Journal of  Pe-
trology, 60: 701-722.

Schmidt V. & McDonald D.A. (1979) - The role of  secondary 
porosity in the course of  sandstone diagenesis. SEPM 
Special Publications, 26: 175-207.

Schönborn G. (1992) - Alpine tectonics and kinematic models 
of  the central Southern Alps. Memorie di Scienze Geologiche, 
44: 229-393.

Schumacher M.E., Schönborn G., Bernoulli D. & Laubscher 
H.P. (1996) - Rifting and collision in the Southern Alps. 
In: Pfiffner O.A., Lehner P., Heitzmann P., Müller S. & 
Steck A. (Eds) - Deep structure of  the Swiss Alps: Re-
sults of  the National Research Program 20, Birkhäuser: 
186-204.

Sciunnach D. (1996) - Le successioni terrigene del rift della 
Neotetide in Himalaya: petrografia e stratigrafia. Ph.D. 
dissertation, Università degli Studi di Milano, 235 pp.

Sciunnach D. (2014) - Geochemistry of  Detrital Chromian Spi-
nel as a Marker for Cenozoic Multistage Tectonic Evolu-
tion of  the Alps. Rendiconti Online della Società Geologica Itali-
ana, 32: 15-23. https://doi.org/10.3301/ROL.2014.143

Sciunnach D. & Borsato A. (1994) - Plagioclase-arenites in the 
Molveno Lake area (Trento): record of  an Eocene volca-
nic arc. Studi Trentini di scienze naturali, 69: 81-92.

Sciunnach D. Scardia G., Tremolada F. & Premoli Silva I. (2009) 
- The Monte Orfano Conglomerate revisited: stratigraph-
ic constraints on Cenozoic tectonic uplift of  the South-
ern Alps (Lombardy, northern Italy). International Journal 
of  Earth Sciences, 99(6): 1335-1355.

Sigurdsson H. & Schilling J.G. (1976) - Spinels in mid-atlantic 
ridge basalts: Chemistry and occurrence. Earth and Plan-
etary Science Letters, 29: 7-20.

Soldan D.M., Petrizzo M.R. & Premoli Silva I. (2014) - Pear-
sonites nov. gen. a new Paleogene planktonic foraminifera 
genus name for the broedermanni lineage. Journal of  Forami-
niferal Research, 44(1): 17-27.



The middle Eocene in the Alpine retroforeland basin (Northern Italy) 253

Stefani C., Fellin M.G., Zattin M., Zuffa G.G., Dalmonte C., 
Mancin N. & Zanferrari A. (2007) - Provenance and pa-
leogeographic evolution in a multi-source foreland: the 
Cenozoic Venetian-Friulian basin (NE Italy). Journal of  
Sedimentary Research, 77: 867-887.

Tiepolo M., Tribuzio R., Ji W.-Q., Wu F.-Y. & Lustrino M. (2014) 
- Alpine Tethys closure as revealed by amphibole-rich 
mafic and ultramafic rocks from the Adamello and the 
Bergell intrusions (Central Alps). Journal of  the Geological 
Society of  London, 171: 793-799. https://doi.org/10.1144/
jgs2013-139. 

Tremolada F., Sciunnach D., Scardia G. & Premoli Silva I. 
(2008) - Maastrichtian to Eocene calcareous nannofossil 
biostratigraphy from the Tabiago section, Brianza area, 
northern Italy. Rivista Italiana di Paleontologia e Stratigrafia, 
114: 29-39.

Tremolada F., Guasti E., Scardia G., Carcano C., Rogledi S. & 
Sciunnach D. (2010) - Reassessing the Biostratigraphy 
and the Paleobathymetry of  the Gonfolite Lombarda 
Group in the Como area (Northern Italy). Rivista Italiana 
di Paleontologia e Stratigrafia, 116(1): 35-49.

Venzo S. (1954) - Stratigrafia e tettonica del Flysch (Cretaceo-
Eocene) del Bergamasco e della Brianza orientale. Memo-
rie descrittive della Carta Geologica d'Italia, 31: 7-133.

Vercesi P.L., Falletti P., Pasquini C., Papani L., Perotti C., Tucci 
G., Rovida A., Cobianchi M., Credali M., Mancin N., Tor-
ri F. & Rossi S. (2014) - Carta geologica d’Italia 1: 50.000, 
Foglio 178 “Voghera” con Note illustrative, Servizio 
Geologico d’Italia, 196 pp.

Vuagnat M. (1985) - Les grès de Taveyanne et roches similaires: 
vestiges d’une activité magmatique tardi-alpine. Memorie 
della Società Geologica Italiana, 26: 39-53.

Wade B.S., Pearson P.N., Berggren W.A. & Pälike H. (2011) 
- Review and revision of  Cenozoic tropical planktonic 
foraminiferal biostratigraphy and calibration to the geo-
magnetic polarity and astronomical time scale. Earth-Sci-
ence Reviews, 104: 111-142.

Zuffa G.G. (1980) - Hybrid arenites: Their composition and 
classification. Journal of  Sedimentary Petrology, 50: 21-29.

Zuffa G.G. (1985) - Optical analyzes of  arenites: influence of  
methodology on compositional results. In: Zuffa G.G. 
(Ed) - Provenance of  arenites, NATO-ASI Series: 165-
189.

Zuffa G.G. (1987) - Unravelling hinterland and offshore pa-
leogeography from deep-water arenites. In: Leggett J.K. 
& Zuffa G.G. (Eds) - Marine clastic sedimentology, Gra-
ham & Trotman: 39-61.




