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Abstract. Calcareous nannofossil and foraminiferal analyses
have been carried out on outcrops from the type-area of the Gonfolite
Lombarda Group (Como, northern Italy). In these marine fine- to
coarse-grained clastics, rapidly accumulating at the southern front of
the uprising Alpine range during the Oligo-Miocene, a scarce, but
reliable, sequence of calcareous nannofossil events has been observed,
allowing to refine the previous age assignments. Planktonic foramini-
fera were found to be extremely rare and provided limited biostrati-
graphic information. The Villa Olmo Conglomerate and the Chiasso
Formation contain the Last Occurrence (LO) of Sphenolithus disten-
tus and the First Occurrence (FO) of Triguetrorhabdulus carinatus,
which are characteristic of the nannofossil zones NP24 and NP25
(Chattian), respectively. The lower part of the Como Conglomerate
was deposited during the zone NP25, whilst the upper part of the
Como Conglomerate straddles the Chattian/Aquitanian boundary in
zone NNI1. The deposition of the Prestino Mudstones also occurred
during zone NN1. However, the upper part of this formation has
been dated as Burdigalian during nannofossil zone NN2. The deposi-
tion of the upper part of the Val Grande Sandstone has been assigned
to the NN3 zone owing to the presence of the taxon Sphenolithus
belemnos, which is restricted to NN3. The upper part of the investi-
gated section is characterized by the deposition of the Lucino Con-
glomerate and its fine-grained members (Lucinasco and Lurate Cac-
civio Mudstones). The Lucinasco Mudstones have been dated as late
Burdigalian corresponding to zone NN4, whilst the overlying Lurate
Caccivio Mudstones were deposited during the Langhian part of the
zone NN5, based on the presence of S. heteromorphus and the ab-
sence of H. ampliaperta. On the whole, the base and the top of the
outcropping Gonfolite Lombarda Group result from our study to be

younger than hitherto proposed, allowing to resolve certain previous
conflicts with the few radiometric dates available for clasts from the
Gonfolite Lombarda Group. The depth of deposition was upper bath-
yal during the Chattian and the Aquitanian and shallowed to neritic
during the deposition of the Langhian Lurate Caccivio Mudstones.

Riassunto. Nell’area-tipo del Gruppo della Gonfolite Lombar-
da, in Provincia di Como, sono state eseguite analisi biostratigrafiche e
paleobatimetriche per mezzo di foraminiferi e nannofossili calcarei.
Nella successione clastica, caratterizzata da sedimenti da fini a grosso-
lani accumulatisi al fronte meridionale della catena alpina nell’intervallo
Oligocene-Miocene, & stata riconosciuta una serie di eventi biostratigra-
fici a nannofossili calcarei, che ha permesso di migliorare le precedenti
datazioni biostratigrafiche. Al contrario, la scarsita di foraminiferi
planctonici e bentonici nei campioni analizzati non ha fornito significa-
tivi elementi temporali. La Formazione di Chiasso e il Conglomerato di
Villa Olmo contengono la prima e I'ultima comparsa di Sphenolithus
distentus e Triquetrorhabdulus carinatus, rispettivamente, che indicano
le zone a nannofossili NP24-NP25 nell’Oligocene superiore (Cattiano).
La zona NP25 caratterizza anche la parte inferiore del Conglomerato di
Como, mentre la parte superiore & stata datata come NN1, a cavallo del
limite Oligocene/Miocene. Le sovrastanti Peliti di Prestino si sono de-
positate nelle zone a nannofossili NN1 e NN2. Un solo campione &
stato analizzato dalle Arenarie di Val Grande e ha permesso di attribuir-
ne la parte superiore alla zona a nannofossili NN3, per la presenza del
marker zonale Sphenolithus belemnos. La datazione del Conglomerato
di Lucino ¢ stata eseguita analizzandone i membri pelitici di Lucinasco e
di Lurate Caccivio, rispettivamente assegnati alle zone NN4 (Burdiga-
liano superiore) e NN5 (Langhiano). Complessivamente, la base e il
tetto del Gruppo della Gonfolite Lombarda risultano avere, sulla base
del nostro studio, un’eta pili giovane di quanto ritenuto, permettendo
cosi di risolvere alcune incompatibilita esistenti con le poche datazioni
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radiometriche disponibili per 1 clasti della Gonfolite. Le associazioni a
foraminiferi bentonici e planctonici hanno fornito alcune informazioni
paleobatimetriche per le unita analizzate. I dati ottenuti suggeriscono
che il Gruppo della Gonfolite Lombarda nell’area di Como si sia depo-
sto prevalentemente in un ambiente batiale superiore, con una diminu-
zione della profondita nelle Peliti di Lurate Caccivio, depostesi in am-
biente neritico.

Introduction

The study of syn-orogenic deposits from foreland
basins commonly represents the most feasible way to
recognize and date discrete stages of paroxysmal activ-
ity (“tectonic climaxes”) in the related orogens. The
Gonfolite Lombarda Group (GLG), clastic infilling of
the Alpine retro-foreland basin during the Oligo-Mio-
cene, has been traditionally a key-succession to con-
strain the post-collisional evolution of the Alps (e.g.
Bernoulli et al. 1989; Castellarin et al. 1992; Bersezio
et al. 1993; Schumacher et al. 1997). The importance
of the GLG has led to several studies since the begin-
ning of the XX century, mainly dealing with petro-
graphic, biostratigraphic, and sedimentologic aspects
(Cita 1957, and references therein). Two main Alpine
tectonic phases (Schumacher et al. 1997) and at least
three unconformity-bounded stratigraphic sequences
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(Gelati et al. 1988; 1991) are documented in the sedi-
ments of GLG, the precise age assignment of which is of
remarkable importance to reconstruct their age and
duration. However, in spite of the wealth of studies,
some uncertainties in dating the GLG still persist as a
result of the limited and poorly preserved paleontolo-
gical material, also affected by significant reworking.

With this work, we contribute to the previous
studies by providing new biostratigraphic and paleo-
bathymetric constraints for the GLG in the Como pro-
vince (northern Italy, Fig. 1), based on calcareous nan-
nofossils and foraminifera.

Previous studies

The GLG occurs over a wide area along the
southern margin of the Alps from Lake Maggiore to
the Brianza area, south of Lake Como, reaching its
maximum stratigraphic exposure in the Como area
(Cita 1957). The first biostratigraphic studies were per-
formed by using mainly planktonic foraminifera as a
biostratigraphic tool in the Brianza area (Consonni
1953) and in the province of Como (Santini 1956) and
Varese (Cita 1953; Villa 1955). Geologic mapping and
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- Geologic sketch map of the Southern Alps (modified from Schumacher et al. 1997), with the study area (box).
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extensive biostratigraphic ages for the whole GLG were
summarized by Cita (1957) (Fig. 2) and, then, partially
updated by Longo (1968). More recently, Gunzenhau-
ser (1985), Napolitano (1985), and Gelati et al. (1988)
investigated the area between Como and Varese with
particular emphasis to the section of the Monte Olim-
pino railway tunnel (Italy-Switzerland border: Bernoul-
li et al. 1989, Gelati et al. 1991). The sedimentological
observations and and the new biostratigraphic data col-
lected in the 80s were integrated into the lithostrati-
graphic framework of Gelati et al. (1988), still widely
used without substantial modifications (Fig. 2).

The first biostratigraphic study carried out with
calcareous nannoplankton was undertaken by Rogl et
al. (1975). These authors analyzed a few sections be-
tween Chiasso (Switzerland) and Como and integrated
planktonic foraminiferal, palynological, and calcareous
nannofloral data (Fig. 2). Valdisturlo et al. (1998) dealt
with the lowermost part of the GLG succession, mostly
the Villa Olmo Conglomerate, providing also nannofos-
sil determinations (Fig. 2). More recently, Sciunnach &
Tremolada (2004) investigated several outcrops of the

GLG in the Brianza area by means of calcareous nan-
nofossils obtaining significantly younger ages than
those proposed by Consonni (1953).

Radiometric datings and the Villa Olmo Conglomerate
paradox

Biostratigraphic constraints obtained for the
GLG were followed by radiometric datings between
the late 80s and the early 90s. Giger & Hurford (1989)
provided K-Ar and fission track ages of pebbles of in-
trusive rocks embedded in the GLG conglomerates,
whilst Bernoulli et al. (1993) published *'Sr/**Sr ages
of mollusk shells from the GLG. On the whole, the
different radiometric measures provided numerical ages
compatible with the available GLG biostratigraphic
constraints, except for the Villa Olmo Conglomerate.
A double K-Ar determination carried out by Giger &
Hurford (1989) on a tonalite pebble referred to the Ber-
gell pluton provided ages of 31.9 + 0.4 and 31.7 £ 0.5
Ma, roughly identical with the available biostratigraphic
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Fig.2 - Synopsis of the GLG litho- and biostratigraphy according to selected studies across a 50-years time span. Open upward columns refer
to studies only dealing with a partial sector of the GLG. VOC = Villa Olmo Conglomerate; Lu: Lucinasco Mudstones; LC: Lurate

Caccivio Mudstones. Time scale is from Gradstein et al. (2005).
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constraints provided by Gelati et al. (1988). More re-
cently, Valdisturlo et al. (1998) dated the Villa Olmo
Conglomerate to the early Rupelian, corresponding to
the interval between 33.9 and 33.0 Ma (Gradstein et al.
2005), which is consistently older than the K-Ar cooling
ages provided by Giger & Hurford (1989). The Villa
Olmo Conglomerate paradox was formerly discussed
by Giger & Hurford (1989) and referred to a probably
inadequate calibration of the time scales (Bernoulli et al.
1993). The necessity of more detailed biostratigraphic
investigations was already highlighted by Giger & Hur-
ford (1989) and Carrapa & Di Gliulio (2001). On the
other hand, according to Di Giulio et al. (2001), the K-
Ar radiometric dating by Giger & Hurford (1989)
should be considered as questionable.

Material and methods

In the framework of the forthcoming Sheet 96 “Seregno” of the
Geological Map of Italy at the 1: 50,000 scale (CARG Project) a de-
tailed field mapping of the GLG was carried out leading to the dis-
covery of new outcrops suitable for biostratigraphic analyses. The geo-
logical mapping focused on the Como area and extended laterally in
order to cover the whole vertical stratigraphic succession and test the
lateral continuity of lithostratigraphic boundaries and biostratigraphic
ages.

A total of 55 samples obtained from marlstones and mudstones
of the GLG was collected from several outcrops in the Como area and
the precise location of each sample is listed in Tab. 1. In addition, 2
samples were analyzed from new outcrops of GLG deposits in the
Brianza area, in order to improve the results obtained by Sciunnach
& Tremolada (2004). These outcrops lie in a stratigraphic position re-
spectively lower and upper with respect to the succession described in
Sciunnach & Tremolada (2004) and their precise location is reported in
Tab. 1. Calcareous nannofossil biostratigraphic and semiquantitative
analyses were performed on 51 samples, whilst 18 samples were pro-
cessed for foraminiferal investigations (Tab. 1). All samples for both
nannoplankton and foraminifera were prepared in the Eni E&P labora-
tories of San Donato Milanese. Calcareous nannofossils were investi-
gated by using standard smear slide techniques described by Bown &
Young (1998) and standard light microscope methodologies under
crossed polarizers and transmitted light at 1250x magnification. Calcar-
eous nannofossils were identified at species level and the taxonomic
schemes are those of Romein (1977), Aubry (1984; 1988, 1989, 1990),
Perch-Nielsen (1985), de Kaenel & Villa (1996), Varol (1998), and
Young (1998). The NP and NN biozonations of Martini (1971), with
some modifications by Perch-Nielsen (1985), Young (1998), and Raffi
et al. (2006) were adopted with the time scale of Gradstein et al. (2005).
The categorization of Bown & Young (1998) was used to estimate the
degree of etching (E index) and overgrowth (O index) of the calcareous
nannofossils.

A quantitative analysis was tentatively performed on samples
prepared for foraminiferal analyses, but the paucity of specimens and
the extremely poor preservation prevented to reach a statistically sig-
nificant number in most samples. Therefore, a qualitative analysis was
preferred. Foraminifera were identified at species level, where possible,
according to the Foraminiferi Padani atlas (AGIP 1982) and Iaccarino
et al. (2005). The paleodepth limits follow those documented by van
Morkhoven et al. (1986). Other microfossils, such as radiolaria, pyri-
tized diatoms, ostracods and fragments of echinoids and sponges were
also estimated.

Biostratigraphy and paleobathymetry

Calcareous nannofossils

Preservation and abundance of calcareous nanno-
fossils vary significantly as a result of diagenetic over-
print. In general, the preservation ranges from poor to
good (E1 to E3; O1 to O3) and calcareous nannofossils
are fairly abundant, although a few samples are barren
(Tab. 1). Reworking of Eocene and Cretaceous taxa was
observed in several samples (Tab. 1). The reworked Cre-
taceous assemblage consists of Watznaueria barnesiae,
Nannoconus spp., Cretarhabdus crenulatus, Predisco-
sphaera spp., Micula decussata (Micula staurophora for
several authors), and Tranolithus orionatus, whereas
Sphenolithus radians, Toweius? gammation, and Reticu-
lofenestra dictyoda are the components of the reworked
Eocene nannofloral communities.

The concurrent presence of Sphenolithus cipe-
roensis (range NP24-NP25), Cyclicargolithus abisectus
(NP24-NN1), Sphenolithus dissimilis (NP24-NN3),
and Sphenolithus distentus (NP23-NP24) indicates that
the samples collected at the base of the Chiasso Forma-
tion (GLG 1-GLG 6) can be assigned to the Chattian
NP24 nannofossil zone (Fig. 3). Abundant components
of the calcareous nannofossil assemblage at the base of
the succession are Coccolithus pelagicus, Reticulofene-
stra bisecta (Reticulofenestra scissura for several authors),
Cyclicargolithus  floridanus, Reticulofenestra minuta,
Sphenolithus moriformis, Sphenolithus dissimilis and
rare specimens of Zyghrablithus bijugatus, Discoaster
deflandrei, and Clausiccocus fenestratus. The Last Oc-
currence (LO) of S. distentus, which indicates the base
of NP25 zone, has been observed in the sample GLG 6.
The identification of NP25 is confirmed by the First
Occurrence (FO) of Triguetrorbabdulus carinatus
(NP25-NN2) in the sample GLG 7 (Tab. 1; Fig. 3).
The interval from sample GLG 7 up to GLG 30 is
characterized by major changes in abundance of calcar-
eous nannofossils, whereas the composition shows
meaningless variations.

The lower part of the Como Conglomerate (sam-
ple GLG 24 to GLG 30) was deposited during the nan-
nofossil zone NP25 owing to the presence of S. cipe-
roensis. In particular, the sample GLG 30 contains the
LO of §. cperoensis, which defines the base of NN1
(Tab. 1; Fig. 3). Calcareous nannofossils are extremely
abundant in the sample GLG 30 and characterized by
the lowest degree of diagenetic overprint (E1; O1). In
general, this interval is characterized by a worldwide
low-diversity assemblage (e.g., Fornaciari and Rio
1996; Young 1998). Sample GLG 32 contains the LO
of R. bisecta (Tab.1; Fig. 3). The LO of R. bisecta is a
useful event because it is close to the Oligocene/Mio-
cene boundary (Fornaciari et al. 1996) and may repre-
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sent a fairly good approximation of the boundary itself
(e.g., Perch-Nielsen 1985; Berggren et al. 1995).

The Prestino Mudstones were deposited in the
Neogene nannofossil zones NN1-NN2. Sample GLG
39 is characterized by the FO of Helicosphaera carteri,
which represents the first evidence of Neogene age and
it ranges from intra-NNT1 to Recent (e.g. Young 1998
and references therein). In addition, the sample GLG 40
contains the LO of C. abisectus, which suggests the
upper part of nannofossil zone NN1 (e.g., Perch-Niel-
sen 1985; Young 1998). The sample GLG 41 is barren,
but GLG 42 contains the FO of Helicosphaera amplia-
perta (NN2-NN4). The concurrent presence of H. am-
pliaperta and T. carinatus (Tab. 1; Fig. 3) suggests zone
NN2 for the upper part of the Prestino Mudstones.
Calcareous nannofloral assemblages of this interval are
dominated by C. pelagicus, C. floridanus, R. minuta
group with low quantities of 7. carinatus, S. moriformis,
S. dissimilis, Pontosphaera spp., and Helicosphaera spp.

Only the sample GLG 43 was collected from the
Val Grande Sandstone and it contains one specimen of
the taxon Sphenolithus belemnos, whose occurrence in-
dicates zone NN3 (Young 1998).

The investigations of the Lucinasco Mudstones
(samples GLG 44 to GLG 47) show a marked change
in calcareous nannofloral composition. This interval is
characterized by several reworked specimens of S. cipe-
roensis, C. fenestratus, S. dissimilis, C. abisectus, and R.
bisecta and by the presence of Sphenolithus heteromor-
phus (NN4-NN5) and Helicosphaera ampliaperta (Tab.
1; Fig. 3). The co-occurrence of S. heteromorphus and
H. ampliaperta, which LO defines the base of NNS5,
indicates the nannofossil zone NN4 for samples GLG
44 to GLG 47. However, it is unclear if the specimens of
H. ampliaperta observed in this interval are in situ or
reworked. In particular, a specimen of Sphenolithus dis-
belemnos (NN2-NN3) has been identified in the sample
GLG 47 and may suggest reworking of sediments as-
cribable to nannofossil zones NN2 or NN3.

Calcareous nannofossils decrease drastically in
abundance and show a poor preservation (E3; O3) at
the top of the section in the Lurate Caccivio Mudstones.
The calcareous nannofloral assemblages in samples
GLG 48 and GLG 49 consist of dissolution-resistant
taxa such as S. moriformis, H. carteri, C. floridanus,
and Reticulofenestra pseudoumbilica <7um. The pre-
sence of S. heteromorphus and the absence of H. am-
pliaperta suggests that these samples may be assigned to
the Langhian part of the zone NN5 (Tab. 1; Fig. 3). The
ordered stacking of calcareous nannoplankton biozones
described above was not appreciably affected by tec-
tonic deformation of the studied sedimentary succes-
sion.

The results obtained from the analysis of 2 sam-
ples collected in the Brianza area are shown in Tab. 1.

The sample GLG B1 was collected in an outcrop ascrib-
able to the Fornaci Marls (Fornaci lithozone in Sciun-
nach & Tremolada 2004) on the basis of lithology, facies,
and petrographic composition. Calcareous nannofossils
are common and fairly well-preserved. The concurrent
presence of R. bisecta (NP15-NN1), H. recta (NP24-
NN1), T carinatus (NP25-NN2), C. abisectus (NP24-
NN1), and C. fenestratus (NP15-NN1) coupled with
the absence of S. ciperoensis (NP24-NP25) and typical
Neogene taxa such as H. carteri may suggest the Oli-
gocene part of the nannofossil zone NN1. The sample
GLG B2, collected in the uppermost beds of the Brios-
co Sandstone (Lambro lithozone in Sciunnach & Tre-
molada 2004), is characterized by a poorly-preserved
nannofloral assemblage. In particular, the presence of
C. floridanus (NP12-NN6), Helicosphaera californiana
(NN5-NN6) and Reticulofenestra  psendoumbilica
>7um (NN6-NN15; Young 1998), and the absence of
S. heteromorphus (NN4-NN5) may indicate the Serra-
vallian nannofossil zone NNé.

Foraminifera

Foraminiferal assemblages show generally a fairly
poor preservation and only a few samples contain a
significant number of well-preserved
although reworked forms are often present. The results
are shown in Table 2.

The samples GLG 7, GLG 10, GLG 12 from the
Villa Olmo Conglomerate and GLG 26 from the Como
Conglomerate are very poor and no age-diagnostic
planktonic foraminifera are present.

The samples GLG 38a, GLG 38b, GLG 40a,
GLG 40b and GLG 42a from the Prestino Mudstones
are characterized by variable richness and preservation
of foraminifera. In sample GLG 38a, the assemblage is
relatively rich, but poorly preserved and reworked spe-
cimens have been observed. For instance, in this sample
the presence of the Oligocene foraminiferal taxon Para-
globorotalia opima nana is interpreted as reworked
since calcareous nannofossils clearly indicate a Miocene
age. The taxon Praeglobobulimina ovata is dominant
within the benthic foraminiferal assemblage. Sample
GLG 38b contains Miocene benthic foraminifera such
as Gyroidinoides altiformis and Uvigerina cf. anberiana.
Preservation and species richness in the sample GLG
40a are higher. The benthic foraminiferal assemblage is
characterized by Uvigerina proboscidaea, Sphaeroidina
bulloides, Osangularia spp., Hanzawaia boneana and
common P. ovata. The samples GLG 40b and GLG
42a are too poor to provide any biostratigraphic infor-
mation. In addition, a few radiolaria have been identi-
fied in the sample GLG 40b.

The sample GLG 43 from the Val Grande Sand-
stone contains only a single specimen of Gyroidina sp.
and an agglutinated foraminifer.

specimens,
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Foraminifera in the samples GLG 45, GLG 46
and GLG 47 from the Lucinasco Mudstones show a
very poor preservation. A single occurrence of Uvige-
rina mantaensis is recorded in GLG 47 and a single
pyritized diatom in GLG 46.

Samples from the Lurate Caccivio Mudstones
(GLG 47a, GLG 48, GLG 48a and GLG 49) are gen-
erally poor and planktonic foraminifera are generally
absent. The benthic foraminiferal assemblage varies sig-
nificantly from the previous samples. In sample GLG
47a, typical shallow-water species such as Elphidium sp.
and Asterigerinata planorbis are present. A foraminiferal
assemblage with S. bulloides, H. boneana, and Valvuli-
neria spp. characterizes sample GLG 48. A similar as-
semblage is present in samples GLG 48a and GLG 49
together with pyritized diatoms and radiolaria.

Paleobathymetry and depositional settings

The abundance and presence/absence of both
planktonic and benthic foraminifera are symptomatic
of variations in the water depth. The planktonic fora-
minifera occur sporadically along the section investi-
gated, whilst benthic foraminiferal assemblages provide
the only paleobathymetric information. Deposition
during the late Oligocene-early Miocene occurred in
an upper bathyal environment. The presence of Sphae-
roidina bulloides, Pullenia bulloides and Globocassidu-
lina subglobosa in samples from the Villa Olmo Con-
glomerate section (GLG 7 and GLG10) points to a
depth range of 200-600 m (van Morkhoven et al.
1986) (Fig. 3). A similar upper bathyal setting is also
suggested for the Prestino Mudstones (Fig. 3). A richer
assemblage composed by a few planktonic foraminifera
and benthic foraminifera, such as Uvigerina probosci-
daea, Hanzawaia boueana, S. bulloides, Osangularia
spp., Valvulineria spp., occurs from sample GLG38a
to GLGA40. Furthermore, the occasional dominance of
Praeglobobulimina ovata in the same interval suggests
episodes of decreasing sea-floor oxygenation. The sam-
ples collected in the Lucinasco Mudstones are very
poor, preventing any paleobathimetric determination.
In the Lurate Caccivio Mudstones the foraminiferal as-
semblage suggests a different scenario and a possible
shallowing is seen in the sample GLG47a. Here, the
occurrence of typical inner neritic benthic foraminifera
such as Elphidium sp. and Asterigerinata planorbis to-
gether with the absence of planktonic foraminifera and
the paucity of calcareous nannofossils suggest a shal-
lowing toward inner-middle neritic conditions, possibly
shallower than 100 m (Fig. 3). However, we do not
exclude that transport and dissolution may have af-
fected the assemblage. The uppermost samples of the
Lurate Caccivio Mudstones are composed by a mix of
shallow-water specimens (e.g. Elphidium sp. and Can-
cris sp.) together with deeper-water specimens (e.g Pul-

lenia bulloides). Therefore, indications of shallowing or
deepening have to be carefully considered since rework-
ing, transport and dissolution might have affected the
assemblage. At this regard, the occurrence of terrestrial
mammal remain in the upper Lucino Conglomerate
(Sordelli 1896; Dal Piaz 1929) can be consistent with a
shallow water environment. A shallowing trend in the
Lurate Caccivio Mudstones was already suggested by
Cita (1957), based on qualitative considerations. Con-
versely, Gelati et al. (1988) ascribed the Lurate Caccivio
Mudstones to bathyal conditions (from 550-700 m to
1000-1300 m).

Bernoulli & Gunzenhauser (2001) described an
event of diatom bloom in the Lucinasco Mudstones
type-section (Montano member in Bernoulli & Gun-
zenhauser 2001) in response to an episode of intensified
nutrient supply and high organic productivity. This le-
vel is also associated with traces of volcanic glass and
pumice. According to these authors, recycling of silica
by upwelling and input of windborne cineritic material
and its alteration by seawater may be responsible for
elevated concentrations of dissolved silica favoring dia-
tom blooms in surface waters. The diatoms deposited in
the Lurate Caccivio Mudstones could indicate a similar
mechanism and pyritization could have occurred in a
low-oxygen environment. However the foraminiferal
assemblage is composed mainly by oxyc specimens, ex-
cept for the occurrence of a dysoxic species Cassiduli-
noides bradyi in the sample GLG 49. Therefore pyriti-

zation might have occurred in sediments after burial.

Discussion

The biostratigraphic ages obtained from our ana-
lyses partially correlate with the previous investigations
of Cita (1957) and Régl et al. (1975). Conversely, our
biostratigraphic ages are generally younger than those
proposed by Gelati et al. (1988), especially concerning
the biostratigraphy of the Villa Olmo Conglomerate,
the Chiasso Formation, and the Lurate Caccivio Mud-
stones. Because of the paucity and poor preservation of
planktonic foraminifera, our biostratigraphic interpreta-
tions are mainly based on the results from calcareous
nannofloras.

The age assignment of the top of the Chiasso
Formation/Villa Olmo Conglomerate has been under
debate in the last four decades. Rogl et al. (1975) found
the nannofossil zone NP24 and the foraminiferal zone
Globigerina opima opima, which corresponds to the
P21 zone (Blow 1969), at the Rio Maiocca section.
Similar results were obtained by Gelati et al. (1988)
in the Brusata section, province of Varese. However,
Gelati et al. (1988) documented foraminiferal assem-
blages indicating the P19/P20 zone, which correlates
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with the NP23 nannofossil zone, in the Monte Olim-
pino 2, Ponte Chiasso, and Villa Olmo sections. This
discrepancy led Gelati et al. (1988; 1991) to suggest the
presence of an erosional unconformity between the
Chiasso Formation and the Como Conglomerate in
the Monte Olimpino area. Our data partially correlate
with the results obtained by Régl et al. (1975) and im-
ply that the Chiasso Formation and the Villa Olmo
Conglomerate deposited during the same time interval
in the nannofossil zones NP24-NP25 (Chattian). Rogl
et al. (1975) identified all the age-diagnostic taxa ob-
served in our study except T. carinatus, which allows us
to assign the upper part of the Villa Olmo Conglom-
erate to the zone NP25, as well as the lower part of the
Como Conglomerate. Some plausibly mistaken taxo-
nomic identification at species level and/or the analysis
of reworked material may explain the Rupelian age
obtained by Gelati et al. (1988) in the Como area.
The new biostratigraphic data obtained in this study
do not support the important time-transgressive ero-
sional contact between Chiasso Formation and Como
Conglomerate documented by Gelati et al. (1988;
1991). As a result, the erosional contact between the
Como Conglomerate and the Chiasso Formation is
constrained within the nannofossil zone NP25. The
lack of an important time-transgressive erosional con-
tact between Chiasso Formation and Como Conglom-
erate also suggests the inclusion of the Chiasso Forma-
tion in the GLG, in contrast with formal indications
from the database of the Italian Stratigraphic Commis-
sion (Delfrati 2005). In addition, our new attribution of
the Villa Olmo Conglomerate to the NP24-NP25
zones resolves the paradox stemming from the mis-
match between the previous biostratigraphic datings
(Gelati et al. 1988, 1991; Valdisturlo et al. 1998) and
the K-Ar ages obtained from pebbles in the Villa Olmo
Conglomerate (Giger & Hurford 1989). Our new bios-
tratigraphic determinations imply in fact a younger age
for the Villa Olmo Conglomerate, straddling the
NP24-NP25 boundary (27.3 Ma; Gradstein et al.
2005), well compatible with the cooling ages of 31.7
+ 0.5 and 31.9 + 0.4 Ma provided by Giger & Hurford
(1989) on a tonalite pebble included in the Villa Olmo
Conglomerate.

The Como Conglomerate shows calcareous nan-
nofossil assemblages suggesting a late Chattian to the
earliest Aquitanian age (from nannofossil zones NP25
to NN1). Planktonic foraminifera have not provided
reliable biostratigraphic results in this lithozone (Rogl
et al. 1975; Gelati et al. 1988). The NN1 nannofossil
zone assigned to the lower part of the Prestino Mud-
stones correlates entirely with the results obtained by
Rogl et al. (1975, ENEL station section) and Gelati et al.
(1988) indicating foraminiferal zones N4/basal N5.

The upper part of the Val Grande Sandstone have
been dated as NN3, which matches the foraminiferal
zones N5/N6 documented by Gelati et al. (1988) in
the Monte Olimpino 2 tunnel section.

Santini (1956) documented a poor foraminiferal
assemblage in the Lucinasco Mudstones containing
Catapsydrax dissimilis and Globoguadrina debiscens,
which allowed Gelati et al. (1988) to assign this litho-
zone to foraminiferal zones N5/N6 (Aquitanian-Burdi-
galian). Also, Bernoulli & Gunzenhauser (2001) pro-
posed a Burdigalian age based on palynological investi-
gations. The calcareous nannofossil assemblages of this
lithozone confirm the Burdigalian attribution, based on
the NN4 assignment.

Finally, our biostratigraphic age assignment of
the Lurate Caccivio Mudstones points to the Langhian
NNB5 zone, in agreement with the former interpreta-
tion of Cita (1957) and unpublished palynological re-
sults reported by Bernoulli et al. (1993), but in contrast
with the late Burdigalian age proposed by Gelati et al.
(1988).

In the Brianza area, the assignment of the Fornaci
Marls lowermost beds to the latest Chattian NN1 zone
seems to extend significantly the time interval materia-
lized by the unit, but unfortunately the NN2 zone was
never retrieved. As neither petrographic composition,
nor lithologic changes have been observed between
the outcropping lower and upper layers of the Fornaci
Marls, we suppose that the lack of exposure of the NN2
zone should be mainly attributed to the soft lithology of
the Fornaci Marls, in an area characterized by extensive
Pleistocene glacial deposits. Conversely, it is confirmed
by our study the attribution of the Briosco Sandstone
uppermost beds to the Serravallian, already identified
by Sciunnach & Tremolada (2004).

The occurrence of Chiasso Formation pebbles in
the Lucino Conglomerate (Bernoulli et al. 1989) and the
input of reworked Chattian nannofossil taxa in the Lu-
cinasco Mudstones (S. ciperoensis, C. fenestratus, S. dis-
similis, C. abisectus, and R. bisecta) suggest that the
Chiasso Formation was exhumed during the late Burdi-
galian, likely due to the activity of the Monte Olimpino
back-thrust. The deposition of the Lucino Conglomer-
ate is commonly referred to the tectonic movement and
uplift of the Southern Alps (Lombardic phase) (Ber-
noulli et al. 1989; Bersezio et al. 1993; Schumacher et
al. 1997). As a consequence, with the onset of the Monte
Olimpino back-thrusting the Como area of the GLG
basin should be considered involved in the southward
propagation of the Southern Alps thrusts, switching
from a foredeep to a wedge-top depozone (sensu De-
Celles & Giles 1996). The age of the switch can be likely
constrained to the late Burdigalian (early? NN4), at the
onset of the Lucino Conglomerate deposition. In this
tectonic framework, the shallowing observed in the Lu-
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rate Caccivio Mudstones can be related to the involve-
ment of the Como area in the wedge-top depozone of
the GLG basin, with a decrease of the subsidence rates
and the consequent filling of the remnant space.

Regional correlation

The biostratigraphic frame emerging from the
present study allows to correlate the GLG units of the
Como type-area with other sections exposed at the mar-
gin of the western Southern Alps.

In the Brianza area (Fig 1), north of Milan, a
poorly exposed homocline displays a stratigraphic suc-
cession spanning the nannofossil zones NNT1 (latest
Chattian) to NN6 (Serravallian; Sciunnach & Tremola-
da 2004), with an important lack of exposure encom-
passing the zone NN2 (Fig. 4). The lower, more pelitic
part of the succession (Fornaci lithozone of Sciunnach
& Tremolada 2004; Fornaci Marls in the present study)
is comprised between the nannofossil zones NN1 and
the NN3 and thus correlates at least with the Como
Conglomerate and Val Grande Sandstone in the Como

area. A correlation with the Prestino Mudstones can be
presently only inferred. The overlying, coarser-grained
succession (Bevera, Roggia Pissavacca, Roggia Riale-
Cascina Guasto and Lambro lithozones of Sciunnach
& Tremolada 2004; Briosco Sandstone in the present
study) largely spans the nannofossil zones NN4 to
NNB6 and thus correlates with the Lucino Conglomer-
ate (including the Lucinasco and the Lurate Caccivio
Mudstones) of the Como type-area, where no unit
younger than the nannofossil zone NN5 was found.
Under this respect, the Lambro lithozone of the Briosco
Sandstone in Brianza, ascribed to the nannofossil zone
NN6 (Serravallian), remains as far as we know the
youngest exposed unit within the GLG (Sciunnach &
Tremolada 2004).

South of Lake Iseo (Fig. 1), coarse-grained clas-
tics, dominated by limestone and chert pebbles and de-
posited in shallow-marine fan-deltas (Monte Orfano
Conglomerate), display in their upper part thin layers
of chalky marls dated to nannofossil zone NNT1 (Sciun-
nach et al. in press) (Fig. 4). The Monte Orfano Con-
glomerate correlates well with the Como Conglomerate
as they both document a roughly synchronous stage of
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tectonic deformation and uplift involving large parts of
the Alpine range (Sciunnach et al. in press). Therefore,
the term “Gonfolite Bresciana” introduced by Cita
(1957) for the Monte Orfano Conglomerate is correct
in our view and well agrees with the traditional usage of
including the Monte Orfano Conglomerate into the
GLG of the Como-Varese area (Cita 1957; Gunzenhau-
ser 1985; Bersezio et al. 1993; Schumacher et al. 1997;
Sciunnach et al. in press).

In spite of the quite short distance between the
respective outcrop areas (~15 km), a lithological corre-
lation between the Como and Brianza areas should be
carefully approached. Even sharing a likely common
sediment provenance (Sciunnach & Tremolada 2004),
the pelitic facies of the Fornaci Marls seems to persist
for a long time interval encompassing several lithologic
changes in the Como area, from the Como Conglom-
erate to the Val Grande Sandstone (Fig. 4). Conversely,
a fair lithologic correlation can be observed between the
overlying Briosco Sandstone in Brianza and the Lucino
Conglomerate in the Como area, suggested by a com-
mon petrographic composition (Fiorentini Potenza,
1957; Sciunnach & Tremolada 2004) and by the occur-
rence of conglomeratic layers in the Briosco Sandstone.
This evidence may be interpreted as facies lateral varia-
tions in presence of a single entry-point or heteropies
within different turbidite systems fed by the uprising
Southern Alps structural domain during the Lombardic
phase.

The absence of comparable calcareous nannofossil
biostratigraphic data hampers currently a precise corre-
lation with the typical lithostratigraphic units of the
Varese area, west of Como (Belforte and Rio dei Gioghi
Mudstones, Malnate Sandstone).

Conclusions

A number of calcareous nannofossils events have
been observed in the type-area of the Gonfolite Lom-
barda Group, whilst the paucity of planktonic forami-
nifera prevents a reliable biostratigraphy based on this
fossil group. However, our nannofossil data alone per-

mit to refine the age assignments of the Gonfolite Lom-
barda Group. Although the preservation and abundance
of calcareous nannofossils vary considerably, several
biostratigraphic markers show a fairly continuous oc-
currence. The Chiasso Formation and the Villa Olmo
Conglomerate deposited during the Chattian nannofos-
sil zones NP24-NP25, whilst the Como Conglomerate
deposited during the late Chattian zone NP25 strad-
dling the Oligocene/Miocene boundary, which is placed
at the Last Occurrence of the taxon R. bisecta (Berggren
et al, 1995). The Prestino Mudstones show a typical
Neogene nannofloral assemblage assignable to nanno-
fossil zones NN1 and NN2. The only sample collected
from the Val Grande Sandstones is Burdigalian in age
and indicates the nannofossil zone NN3, whilst the Lu-
cinasco and the Lurate Caccivio Mudstones, members
of the Lucino Conglomerate, were deposited during the
late Burdigalian NN4 and the Langhian NN5 zones,
respectively. The analysis of benthic and planktonic for-
aminiferal communities demonstrates that most of the
investigated succession was deposited in an upper bath-
yal setting, characterized also by episodes of low-oxy-
genation on the sea-floor. A shallowing occurred during
the Langhian and the deposition in a neritic environ-
ment is characteristic of the Lurate Caccivio Mud-
stones.

In our view, the observed shallowing of the
GLG paleobathymetry reflects the structural evolution
of the Gonfolite basin in the Como area, switching
from a foredeep to a wedge-top depozone with the
onset of the Monte Olimpino back-thrust. The depo-
zone switch likely occurred during the late Burdiga-
lian, in relation with the onset of the Lombardic phase
and the strong southward propagation of the Southern
Alps thrusts.
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T. carinatus S. distentus S. ciperoensis

H. carteri H. ampliaperta S. heteromorphus

C. abisectus S. belemnos + C. pelagicus

TR

R. lockeri R. pseudoumbilica

C. floridanus Z. bijugatus C. fenestratus

PLATE 1 10 microns

All calcareous nannofossils pictured under crossed nicols at 1250x magnification.

1) Triguetrorhabdulus carinatus - Sample GLG 11; 2 & 3) Sphenolithus distentus (same specimen) - Sample GLG 1; 4) Sphenolithus ciperoensis -
Sample GLG 1; 5) Helicosphaera carteri - Sample GLG 40; 6) Helicosphaera ampliaperta - Sample GLG 44; 7 & 8) Sphenolithus heteromorphus
(same specimen) - Sample GLG 44; 9) Cyclicargolithus abisectus - Sample GLG 30; 10) Cyclicargolithus abisectus - Sample GLG 37; 11 & 12)
Sphenolithus belemnos and Coccolithus pelagicus (same microscope field of view) - Sample GLG 43; 13) Reticulofenestra lockeri - Sample GLG
15; 14) Reticulofenestra bisecta (R. scissura) - Sample GLG 27; 15) Reticulofenestra bisecta (R. scissura) - Sample GLG 20 16) Reticulofenestra
pseudonmbilica - Sample GLG 48; 17) Cyclicargolithus floridanus - Sample GLG 28; 18) Cyclicargolithus floridanus - Sample GLG 12; 19)
Zyghrablithus bijugatus - Sample GLG 9; 20) Clausicoccus fenestratus - Sample GLG1.
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