
Abstract - In the middle Vobbia Valley, Eastern Tertiary Pied-
mont Basin, thin sandstones outcrop, intercalated in the Val
Borbera Conglomerate of lower Oligocene age. They are
characterized by abundant fossil remains. The fossil assem-
blage mainly consists of corals, bryozoans and molluscs.
Rhodophyceans, benthic foraminiferans, and plant macrofos-
sils are also observed. Fossil remains are concentrated in pods
and lenses. The autoecological analysis of the colonial organ-
isms suggests environmental conditions characterized by ele-
vated hydrodynamism, high turbidity of waters and mobile
substrates. The taphonomic features of the studied deposits
and the regional depositional context suggest that the Val
Vobbia sandstones can be interpreted as the distal portion of
a hyperpycnal flow-induced turbidite system. The environ-
mental conditions suggested by the studied taphocoenosis dif-
fer from those revealed by other coral assemblages previous-
ly described in the western area of the Tertiary Piedmont
Basin. In particular, the coral assemblage recognized in the
Val Vobbia sandstones represents the first occurrence of
branched colonies in the Tertiary Piedmont Basin.

Key words - Tertiary Piedmont Basin, Val Borbera Con-
glomerate, Oligocene, Macrofauna, Taphonomy, Northern
Apennines.

Riassunto - Macrofossili oligocenici della media Val Vobbia,
settore orientale del Bacino Terziario Piemontese (Appennino
Settentrionale). Nella media Val Vobbia, nel settore orientale
del Bacino Terziario Piemontese, all’interno dei Conglomera-
ti della Val Borbera (Oligocene inferiore) sono presenti sottili
intercalazioni di arenarie, caratterizzate da numerosi resti fos-
sili. L’associazione fossile è costituita in prevalenza da coral-
li, briozoi e molluschi e, subordinatamente, da rodoficee, fora-
miniferi bentonici e resti vegetali. I fossili si rinvengono in len-
ti caoticamente distribuite nella matrice. L’analisi autoecologi-
ca degli organismi coloniali è indicativa di condizioni ambien-
tali caratterizzate da un elevato idrodinamismo, alta torbidità
delle acque e substrato mobile. Le caratteristiche tafonomiche
del deposito studiato e il contesto deposizionale regionale sem-
brano indicare che le arenarie fossilifere della Val Vobbia pos-
sano rappresentare la porzione distale di un sistema torbiditico
indotto da flussi iperpicnali. Le condizioni paleoambientali
suggerite dalla tafocenosi studiata differiscono sostanzialmen-
te da quelle derivate da altre associazioni coralline del settore
occidentale del Bacino Terziario Piemontese. In particolare,
l’associazione fossile osservata nelle arenarie della Val Vobbia
rappresenta la prima segnalazione di coralli fossili nel Bacino
Terziario Piemontese dominata da forme ramificate.

Parole chiave - Bacino Terziario Piemontese, Conglomerati
della Val Borbera, Oligocene, Macrofauna, Tafonomia,
Appennino Settentrionale.

INTRODUCTION

The Tertiary Piedmont Basin (TPB) represents a large
episutural basin unconformably overlying the tectonic
units deformed during the Mesoalpine collisional phase
in the linkage area between Western Alps and Northern
Apennines (Fig. 1). Based on the nature of the sub-
strate and the subsequent tectono-stratigraphic evolu-
tion, the TPB has been subdivided in two areas (Mutti
et al., 1995). In the Western area, the substrate is made
by the Briançonnais units and the Voltri Group both
belonging to the Alps. In the Eastern area the substrate
is represented by the Antola Unit, the highest unit of
the Ligurian stack holding the highest structural posi-
tion in the Northern Apennines.
The sedimentation of the TPB succession started since
the Late Eocene. The stratigraphic evolution records
exactly the tectonic phases affecting the underlying
substrate; consequently the very complex setting of the
TPB succession is consistent with the highly active tec-
tonic evolution of the linkage area between Western
Alps and Northern Apennines (e.g. Mutti et al., 1995;
Forcella et al., 1999).
In the Western TPB succession, the lowermost formation
is represented by coarse continental deposits (Costa
Cravara Breccia). These deposits are followed by the
Molare Formation (Lower Oligocene; Gelati et al.,
1993), which is mainly characterized by alluvial and
shallow-marine conglomerates that usually overlay the
Alpine substrate. In some limited areas, the trasgres-
sion basal surface of the Molare Formation is charac-
terized by the development of coral reefs (Lorenz,
1969; Gnaccolini, 1978; Pfister, 1985; Fravega et al.,
1987; Vannucci et al., 1997).
In the Eastern TPB succession, the basal formation,
unconformably overlying the Antola unit, is represented
by the Val Borbera Conglomerate of Lower Oligocene
age (Cavanna et al., 1989; di Biase et al., 2002) consist-
ing of more than 2000 m thick fan-delta deposits, char-
acterized by continental to marine lithofacies (Gnaccoli-
ni, 1974; Gelati and Gnaccolini, 1978; Mutti et al., 1995;
di Biase, 1998). Only in the Costa Merlassino area, older
TPB deposits are present. They are represented by the
Monte Piano Marl (Late Eocene), sandstone turbidites
(Pizzo d’Oca Unit; Late Eocene) and by the Lower
Oligocene Rio Trebbio Unit arenitic shelf deposits (Gelati,
1974, 1977; Cavanna et al., 1989; Mutti et al., 1995).
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The paleontological analysis performed in this study
provides new data about the possible occurrence of an
Oligocene coral reef in the lower part of the Eastern
TPB succession.
In particular, the paleoecological indications deriving
from the study of the macrofossil assemblage found in
the sandstones of the Vobbia Valley can be used as
important constraints, supplemental to lithofacies
analysis and other fossil indicators, to define the evo-
lution of the depositional context where the TPB suc-
cession deposited.

GEOLOGICAL SETTING

The investigated area is located in the middle Vobbia
Valley, near the southeastern boundary of the Eastern
TPB (Fig. 1). In this area, the Val Borbera Conglomer-
ate directly overlies the Ligurian substrate, represented
by the Upper Cretaceous Helminthoid Flysch of the
Antola Unit (Fig. 2). In the Vobbia Valley, the contact
between the Val Borbera Conglomerate and the Antola
Helminthoid Flysch, referred at the regional scale as an
unconformity, has never been observed. The strong
brittle deformation recognized near the boundary both
in the Val Borbera Conglomerate and the Helminthoid
Flysch, suggests that it can be interpreted as an uncon-
formity locally tectonized (Fig. 3).
The pebbles of the Val Borbera Conglomerate outcrop-
ping in the middle Vobbia Valley mainly originate from
carbonatic rocks (marls and limestones) and fine sand-

stones (Gnaccolini, 1974). Moreover, rare unmetamor-
phic ophiolitic pebbles have been observed. According
to the compositional pattern, proposed by di Biase &
Pandolfi (1999) for the Borbera Valley area (north the
study area), this composition implies a probable attri-
bution of the conglomerates of the Vobbia Valley to the
Borbera depositional unit, representing the middle-
lower part of the Val Borbera Conglomerate succes-
sion; the Borbera unit has been referred to the lower
and middle Rupelian (di Biase et al., 2002).
Along the left side of the Vobbia River, uphill of the
medieval Zan Bridge, near the base of the Val Borbera
Conglomerate a few meters of fossiliferous sandstones
are present. The outcropping sandstones are 10 meters
thick and they are arranged in layers, roughly 30 cm
thick, characterized by abundant fossil content.
Because of fluvial and slide Quaternary deposits, the
outcrop is recognizable only for about ten meters, then
it is difficult to evaluate the lateral continuity of each
layer.
The contact with the underlying Ligurian substrate is
hidden by fluvial and slide deposits, and the nearest
outcrops of the Antola Flysch are on the opposite side
of the river (Fig. 2).
Upward, the transition to the lowermost conglomerate
beds is hidden by soils and vegetation. However, the
apparent conformity seems indicate a stratigraphic con-
tinuity of the sandstones with the Val Borbera Con-
glomerate (Fig. 4).
The only sedimentary structures recognizable in the
sandstones are represented by a thin discontinuous lam-

66 G. CARNEVALE, N. LEVI, G. OTTRIA

Fig. 1 - Tectonic sketch map of the linkage area between Western Alps and Northern Apennines. 1: Quaternary deposits; 2: Messinian deposits
of the Tertiary Piedmont Basins; 3: Miocene sequences of the Tertiary Piedmont and Epiligurian basins; 4: Upper Eocene-Oligocene
sequences of the Tertiary Piedmont and Epiligurian basins; 5: Voltri Group and Sestri-Voltaggio zone; 6: Briançonnais crystalline units; 7:
Ligurian units of the Northern Apennines, AU: Antola Unit; 8: Subligurian units; 9: Tuscan units.



ination; an elevated degree of bioturbation can be eas-
ily observed. The sandstones are characterized by a
matrix-supported texture and, except for fossil remains,
by a fine grain size. The sediment mostly consists of
extraclasts, represented by micritic and monocrystalline
carbonatic grains, together with scarce glauconitic and
quarzitic grains. Fossils represent the only recogniza-
ble intraclasts (Fig. 5). According to Zuffa (1980), the

sandstones can be classified as fine carbonatic extra-
arenites.
Due to their relationships with the overlying conglom-
erates, the sandstones of the Vobbia Valley represent
arenitic intercalations in the Val Borbera Conglomer-
ate; the attribution of the studied sandstones to the Bor-
bera depositional unit allows to refer these deposits to
a probable Rupelian age.
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Fig. 2 - Geological map of the investigated area.



PALEONTOLOGICAL ANALYSES

In the studied sandstones of the middle Vobbia Valley,
the fossils are stochastically distributed within the
matrix; however, at the outcrop scale, fossil concentra-
tions can be recognized in thin pods and lenses show-
ing about 2 m of lateral extension.
The observed tanatocoenosis mainly consists of corals,
bryozoans, molluscs, and rodophycean fragments.
Small benthic foraminifera and carbonaceous plant
remains are also present. Although fragmented, corals
and bryozoans are often well preserved, whereas mol-
luscs are represented mainly as internal casts (Fig. 6).

In particular, three taxa of hermatypic corals, two of
cheilostomatous bryozoans, and three of molluscs, have
been recovered (Tab. 1; Figs. 6, 7, 8). In addition, a
number of heavily fragmented coral and bryozoan spec-
imens have been also collected. These specimens prob-
ably belong to additional taxa, but the state of frag-
mentation does not allow a taxonomic diagnosis. Thus,
the original paleobiodiversity was probably elevated.
Rodophycean fragments are of difficult taxonomic
interpretation.
Colonial organisms are fragmented but poorly eroded,
and bivalve molluscs are often observed with joined
valves (Cardiidae ind.).
Among the corals, Astraeoporasp. is the most abundant
taxon (Fig. 7), followed by Goniopora ramosa, and suc-
cessively by Actinacis rollei. The coral biota is totally
constituted of branched colonies. All the specimens con-
sist of small fragments characterized by a good degree
of preservation. The morphology of corallites and the
structure of coenosteum are sometimes well recogniza-
ble and then, the identification of corals is rather easy.
The bryozoan tanatocoenosis is exclusively composed
of zoarial habit of the erect rigid type, mainly adeoni-
forms (Meniscopora syringopora) (Fig. 8), and subor-
dinately eschariforms (Smittinasp.).
Based on the paleontological content, the age of the
studied deposits cannot be exactly determinate. The
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Fig. 3 - Schematic geological cross-section of the investigated area. The boundaries of the section are reported in the geological map.

Fig. 4 - Stratigraphic column of the investigated area.

Tab. 1 - Faunal list of middle Vobbia Valley identified fossils.

Cnidaria
Actinacis rollei Reuss, 1864
Astraeoporasp.
Goniopora ramosa(Catullo, 1856)

Bryozoa 
Meniscopora syringopora(Reuss, 1848)
Smittinasp.

Mollusca
Turritella sp.
Chlamyssp.
Cardiidae ind.



analysis of the calcareous nannofossils has revealed a
generic reworking of Cretaceous and Paleogene taxa.
The macrofossil content has a poor resolution from a
biostratigraphical point of view. Among the corals,
Actinacis rollei ranges from Priabonian to Chattian
(Bosellini & Russo, 1995). A similar stratigraphic dis-
tribution is also indicated by Meniscopora syringopo-
ra among bryozoans (Braga & Barbin, 1988; Bizzarini
& Braga, 1999). However, although rather approxi-
mate, the biostratigraphical information provided by
the macrofauna is in agreement with the data furnished
by the calcareous nannofossil biostratigraphy, which
attributes the stratigraphically corresponding deposits
to the Rupelian (di Biase et al., 2002).

DISCUSSIONAND CONCLUSIONS

The fossil assemblage recognized in the sandstones
collected in the Vobbia Valley is indicative of a frankly
marine depositional environment, probably character-

ized by an elevated biodiversity. The evident fragmen-
tation and the scanty degree of erosion together with
the occurrence of molluscs with joined valves are
indicative of a rapid burial process. The thin lamina-
tion, the fine grain size and the matrix-supported tex-
ture indicate a depositional environment located below
the wave-base.
The taphonomic and stratigraphic features of the
described deposits well fit with those described in dis-
tal storm deposits developed in a shallow-marine shelf
(Fürsich & Oschmann, 1993). However, as discussed
by Mutti et al. (1996), the sedimentological and strati-
graphic features of the shelfal sandstone lobes of hyper-
pycnal induced turbidite deposits, can be easily con-
fused with storm-dominated deposits.
Taking into account the stratigraphic context of the
studied deposits, which represent an intercalation in the
fan-delta deposits of the Val Borbera Conglomerate
succession, the sandstones of the Vobbia Valley can be
better explained as the distal portion of shelfal sand-
stone lobes, consisting in turbidite deposits, which were
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Fig. 5 - Thin section of the sediment showing a bivalve shell and a
carbonaceous plant remain.

Fig. 6 - Internal casts of turritellid grastropods.

Fig. 7 - Astraeoporasp.

Fig. 8 - Meniscopora syringopora(Reuss, 1848).



triggered by hyperpycnal flows. These deposits origi-
nate in flood-dominated fan-deltas characterized by
small fluvial systems, with a high gradient in the trans-
fer zone placed close to marine basins (Mutti et al.,
1996). In these systems, the genesis of the turbidite
flows is mainly related to the presence of instable sed-
iments (Zeng et al., 1991). The hyperpycnal flows
induces the development of turbidity currents, which
are able to erode the substrate, involving part of the
benthic fauna (Mutti et al., 1996). In this setting, the
conglomeratic facies represents the proximal portion of
the entire system.
Similar deposits to those of the Vobbia Valley, occur-
ring in the Val Borbera Conglomerate succession in
zones adjacent the Vobbia Valley (Borbera Valley area),
have been already interpreted in the same way by di
Biase (1998).
Some further paleoecological observations can be
done despite the evident reworking of the fossils. Fos-
sil assemblages who are included in turbidite deposits
can be considered as census communities (sensuKid-
well, 1998), which are communities reflecting zero or
minimal time averaging of individuals. The informa-
tion provided by these assemblages has a low degree
of trustworthiness with respect to the spatial fidelity
of the specimens. By contrast, these assemblages show
a high level of trustworthiness concerning structural
composition and temporal resolution (Behrensmeyer
et al., 2000). The exclusive occurrence of branched
morphs among corals and erect rigid zoarial habit
among bryozoans is indicative of environments char-
acterized by elevated hydrodynamism, high turbidity
of waters and mobile substrates (Schopf, 1969; Roy &
Smith, 1971; Hubbard & Pocock, 1972; Pfister, 1985;
Bosellini & Stemann, 1996). Corals probably were
located on mobile substrates that allowed the devel-
opment of the branched growth forms only. The zoaria
of Meniscopora syringoporaand Smittinasp. grew on
the corals because a rigid substrate is necessary for
the growth of the bryozoans with erect rigid zoarial
habit (Lagaaij & Gautier, 1965; Moissette & Saint-
Martin, 1995).
The arenitic sediments, which now incorporate the fos-
sil remains, probably were the mobile substrate on
which part of the communities grew. Thus, the mobile
substrate was affected by successive turbidite events
that caused the rapid transport and the definitive burial
of the organisms. These catastrophic events were fol-
lowed by a progressive re-colonization of the substrate
by communities of similar taxonomic composition that
were destroyed by the successive events. Hyperpycnal
flows remobilized non-cohesive sediments transform-
ing them into self-sustained high density and viscous
fluids, generating fossil-rich, disorganized sediments,
which were displaced in the distal part of the shelf or
in deeper basins. The concentration of fossils in pods
was probably intensified by bioturbation activity (Für-
sich & Oschmann, 1986).
From a biogeographical point of view, the coral fauna
recognized in the TPB of the Vobbia Valley shows close
relationships with other Oligocene associations of the
western Tethys area, such as those described from the

Veneto (?Eo-Oligocene) region (e.g. D’Achiardi, 1866;
Reuss, 1869; Frost, 1981), and from Salento, Apulia
(Bosellini & Russo, 1992; Bosellini & Perrin, 1994).
Fossil assemblages of similar taxonomic composition
have been recognized in Oligocene deposits from the
western part of the TPB (Lorenz, 1969; Gnaccolini,
1978; Pfister, 1980; 1985; Fravega et al., 1987; 1988;
1994; Vannucci et al., 1997). In all these cases the coral
colonies are prevalently of massive type, directly grow-
ing on the local Alpine substrate, mainly represented
by the Voltri Group. The development of the coral
colonies has been referred to a progressive transgres-
sion toward the South (Fravega et al., 1987). Despite
the similar taxonomic composition, the assemblage
here presented differs from the others described in the
TPB succession for its paleoecological features. In fact,
massive colonies clearly dominate the coral assem-
blages of the Western TPB, while in the Eastern TPB
only branched colonies have been recognized. This dif-
ference can be explained with the presence of different
substrates and hydrodynamic conditions, which proba-
bly reflect the different tectono-sedimentary evolution
in the two areas of the TPB.
In conclusion, the assemblage described in this paper
is the first record of a fossil coral reef in the eastern
part of the TPB, and probably it represents the earliest
occurrence in the entire basin.
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