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SEZIONE 11

(Fisica, chimica, geologia, paleontologia e mineralogia)

Geologia. — 7he structure of the Bergamasc Alps®. Nota di

Mavurizio Gaerant e Fravio Japour, presentata® dal Socio
A. Dss1o. '

RIASSUNTO. — Le Alpi Bergamasche sono costituite da un insieme di grandi embrici
accavallati 'uno sull’altro, con raccorciamenti crostali superiori al 1009%,. Le dislocazioni
sono avvenute nell’Eocene superiore~Oligocene inferiore, in corrispondenza della orogenesi
Meso—Alpina, ma le strutture pilt meridionali hanno subito una nuova compressione nel Mio-
cene superiore.

FOREWORD

The Bergamasc Alps are a part of the Southern Alps. They are bounded
to the north by the Tonale Fault, while to the south their termination is con-
cealed under recent clastic deposits of the Po Plain. Their north-south extent
is about 5o to 60 km, of which the northernmost 10 to 15 km are free from the
post-Carboniferous sedimentary cover.

STRUCTURAL PATTERN

Displacement structures are of remarkable size, showing compressed asym-
metric folds cut by faults and developed into wide reverse faulting, with
gliding of large detached slices and thrust blocks. As illustrated by De Sitter
and De Sitter Koomans (1949, [1]), the region is characterized by a N-S suc-
cession of structural steps ranging from the pre-Permian basement to the
Tertiary sediments, in which the following zones may be distinguished. (Fig. 1).

Orobic Basement. — Comprised between the Tonale and the Orobic Faults.
Rocks consist of phyllites, micaschists (composed either of muscovite alone
or two kinds of mica, and containing garnet), biotite paragneisses and gneisses
of various composition. The northern portion of the crystalline basement
outcrops as an extensive monocline. Further to the south the area is cha-
racterized by a complex shearing and thrusting, with important reverse faults
entrapping wedges of sedimentary cover (Porcile Fault), and thrusting of the
basement over sedimentary formations (Orobic Fault). (Porro, 1903 [2];
Casati and Gnaccolini, 1967 [3]; Liborio and Mottana, 1971 [4]).

(*) Istituti di Geologia e di Paleontologia dell’Universita di Milano. Piazzale Gorini 15
~ 20133 Milano.
Lavoro eseguito nell’ambito dei programmi del Centro di Studi per la Stratigrafia e la
Petrografia delle Alpi Centrali del CNR.
(**) Nella seduta del 12 maggio 1979.
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Orobic Anticline. — A broad culmination of the basement, covered by a
veneer of Permian volcano-sedimentary deposits and of Lower Triassic ter-
rigenous series. The cover appears to have been detached from the basement
and presents minor intracutaneous shear structures.

Thrust slices of Valtorta Valcanale. — A pile of variously interrelated,
dislodged and upright tilted slices mostly belonging to Middle Triassic rocks.
Faulting amounts to a total throw of 0.5 to 3 km, and the tectonized area
embraces up to 2 km width. Exposed structures show a 70° to 80° S dipping;
as to deeper direction, a northward dip can only speculatively be assumed.
In our views, this zone bears a greater significance than pointed out by pre-
vious Authors.

“ Autochtonous’ of Val Vedra-Ardesio. — This zone shows supposedly
rooted strips of Middle and Upper Triassic rocks stretching N-S, exposed in
a window through Mt. Menna and Mt. Arera—Mt. Secco allochtonous units.
From latest mining data (Rodeghiero and Vailati, 1978 [5]) and our field
mapping, we are led to assume a lateral continuity of the Vedra—Ardesio
unit beneath the allochtonous cover. These autochtonous units are thought
to be connected in some way with the succession of thrust slices in the
Valtorta-Valcanale zone to the north.

Parauntochtonous—Allockhtonous of the Prealpi. — Sedimentary succession
5 to 8 km thick ranging from Anisian to Eocene, the largest of the structural
zones here considered, extending over an area with an average width of 20 km.
The sedimentary cover is totally disconnected from the Val Vedra ‘¢ autoch-
tonous”’ or from the Valtorta—Valcanale thrust slices; along shear planes
formed by slabs and slices generally of Carnian plastic units (Gorno and S.
Giovanni Bianco Formations). The section shows stratigraphic repetitions,
considerable decollements, and shearing both in competent Triassic carbonate
formations and in plastic Carnian units. The shear plane at the base of Dolomia

Fig. 1. — Tectonic map and profiles through the Bergamasc Alps. Tectonic map. 1.

a) allochtonous and parauchtonous of the Prealpi; &) overthrust slices of Arera, Pre-

solana, Timogno; ¢) overthrust slices of Grigne, Resegone, Val Taleggio. 2. Thrust

slices Valtorta—Valcanale and * autochtonous’ Val Vedra—Ardesio. 3. Orobic
Anticline. 4. Southalpine metamorphics.

Profiles. Legend. MG = micaschists and gneisses, CO = Collio Fm., PO =
Ponteranica Cg., VL = Verrucano Lombardo, SE = Servino Fm., A = Angolo
Lmst., = Prezzo Lmst., CB = Bovegno Carniola, BU = Buchenstein Fm.,
W = Wengen Fm., VS = Val Sabbia Sdt., GO = Gorno Fm., SGB = San Giovanni
Bianco Fm., DP = Dolomia Principale Fm., ARS = Riva di Solto Shale, MED =
Medolo Group, SG = Sogno Fm., S = Selcifero Group, M = Maiolica Fm., B =
Bruntino Marl, FP = Pontida Flysch, SL = Sass de la Luna Fm., AS = Sarnico

Sdt., FB = Bergamo Flysch.
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Principale seems to have played a role of basic importance. In the absence
of surface geologic evidence of the subsurface continuation towards south of
the allochtony, we will consider the foothill frontal portion as parautochto-
nous. In the 5 to 10 km wide exposed frontal margin of the Prealpi, the struc-
tures are lowered through a series of southward overturned folds and thrust
faults, accompanied by short displacement along steep dipping planes. All
these structures are more tightly compressed together in the areas where the
front of Jurassic rocks, stepping. over Cretaceous flyschs, approaches the
Orobic anticline, along the Mt. Barro-Bellagio alignment.

Overthrust slices. — The roof of the structural edifice of the Bergamasc
Alps consists of totally allochtonous slices, namely the Grigne, Coltignone,
Resegone, Muschiada, Val Taleggio slices, and glided top slices of the Arera-
Secco-Timogno-Presolana ridge. All these slices are composed of either Mid
Triassic to Carnian carbonates units or Dolomia Principale, and lie directly
to the south of the Val Torta—Valcanale thrust-sheets zone.

AREAL DISTRIBUTION OF THE STRUCTURAL UNITS

Gliding and thrusting are more densely located in the northern portion of
the Bergamasc Alps. In the middle area, 10 to 20 km wide, structures are less
pronounced. Tectonic effects become important again in the southernmost
portion, on the hills facing the plain, with a succession of structural steps,
by reverse faulting.

TIMING OF TECTONIC EVENTS

From surface geologic data the following - succession of events can be’
inferred.

‘:I) Folding, main faults and thrust slices as in Valtorta—Valcanale,
wide reverse faulting. Strike is about E-W, tending to rotate WSW-ENE
in the eastern portion. These features as a whole provide evidence of the first
main orogenic phase. In the stretch from Chiasso to Como, the Gonfolite Fm.
of Early to Middle Oligocene age (Régl ez /., 1975 [6]) unconformably overlies
and truncates parauchtoctonous structures of the Southern Alpine margin.
On the basis of this evidence displacement phenomena such as faulting, thrus-
ting, and shearing are assumed to have taken place before the deposition of
Gonfolite, that is during the Meso-Alpine orogenesis (Trimpy, 1973 [7]).

2) A part of the Grigne-Resegone overthrust was formed later than the
Valtorta Fault. This is demonstrated in the edge of Grigna Settentrionale—an
allochtonous slice in our views—at Rocca di Baiedo, Valsassina, where the
thrust is seen to truncate an offshoot of the Valtorta Fault. The structural
history of Grigna Settentrionale, however, seems to be more complex than
presented in the interpretations by the De Sitters (1949 [1]) or by De Jong
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(1967 [8]). Detachment of sedimentary cover from the basement is undoub-
tely evident in many places (Casati, 1968 [9]), as well as minor faulting (Fran-
cani, 1971 [10]), but their importance alone is not such as to account (Gianotti,
1968 [11]) for the great amount of thrusting and gliding observed on the southern
front of the Grigna Settentrionale thrust. Consequently we are inclined to
suspect the occurrence of younger orogenic stresses causing the rocks to move
again along the Orobic Fault, so that the northern edge of the thrust slice
became concealed in the subsurface. More research on this problem is necessary.

3) The Gonfolite, of which the youngest exposed strata belong to the
Langhian (Rogl ez al., 1975 [6]), is gently tilted and faulted in the area of Como,
while the Oligocene Gonfolite outcrop at Briosco, Brianza, is tilted upright
to vertical. From subsurface data a new deposition of coarse sediments is
indicated along the southern margin of the Bergamasc Alps during Serra-
vallian and Tortonian (Rizzini and Dondi, 1978 [12]). All these facts may
provide evidence of a reactivation in orogenesis. This surprisingly coincides
with the Neo-Alpine orogenesis (14—to 16 MY).

4) All the above-mentioned structures are cut by a system of mainly
faults, trending in a roughly N-S direction. The age of these faults is thought
to range from Pliocene to Quaternary, glacial deposits being also involved
(Orombelli, 1977 [13]).

SUGGESTED TECTONIC MODEL

The great amount of displacement and the large size of thrust sheets
strongly suggest the occurrence of important crustal shortening—over 100 %—
in the northern and central portion of the Bergamasc Alps. The gravity tec-
tonic, which is surely present, cannot alone account for the total amount of
dislocation displayed under sedimentary cover. Our model, therefore, tends
to go further than current interpretations (De Sitter and De Sitter Koomans,
1949 [1]; De Jong, 1967 [8]; Casati and Gnaccolini, 1967 [3]; Francani, 1971
[10]; Rodeghiero and Vailati 1978 [5]). Deformation resulting in up-and
over—thrusting, shearing, and gliding of thrust sheets within the sedimentary
cover occurred during Late Eocene and Oligocene in the northern and central
portion of the Bergamasc Alps, in connection with still more conspicuous mo-
vements affecting the Alpine chain to the north (Dal Piaz e /., 1975 [14]).
In the framework of this Meso-Alpine orogenesis a sequence of minor tectonic
events of local importance can sometimes be recognized. Tectonic displacements
appear to smooth towards the south.

From Middle to Late Miocene the existing structures were again subjected
to folding and/or thrusting, especially in the southernmost zone where Oli-
gocene Gonfolite strata appear to have been tilted and turned upright. A
complete reconstruction of this Neo-Alpine orogenesis in the Bergamasc Alps,
however, cannot be attempted with the sole support of surface geological
data.
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