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Heavy mineral assemblages from Upper Cretaceous
South- and Austroalpine flysch sequences
(Northern Italy and Southern Switzerland):
source terranes and palaeotectonic implications

By Daniel Bernoulli and Wilfried Winkler1)

ABSTRACT

The Lombardian Flysch of the Southern Alps records orogeny, uplift and erosion in the Austroalpine/South
Alpine realm of the South Tethyan margin in Late Cretaceous times. The terrigenous flysch sediments overlay a

deepening upward pelagic to hemipelagic sequence of Jurassic to Early Cretaceous age deposited on the submerged
distal continental margin of the Apulian (Adria) promontory or microconlinent. Flysch sedimentation locally started
in the Cenomanian but only became widespread from Early Turonian times onwards. After recession of the turbidite
fans in the Campanian. hemipelagic and bioclastic slope sedimentation resumed in the latest Campanian to early
Maastrichtian.

Pebble and lithoclast analysis of the conglomerates and sandstones in the Lombardian Flysch show that the

sedimentary and basement fragments came from a passive margin sequence with a facies development identical to
that of the Lombardian Zone of the southern Alps or of the Austroalpine nappes. Bottom marks, pebble imbrication
in organized conglomerates and channel orientation confirm a general provenance from the North to Northeast with
a deflection of the currents into a westerly direction along the basin axis. Heavy mineral data indicate two major
distinct source areas.

During the early, Late Cenomanian to Turonian depositional history of the Lombardian basin, garnet and
staurolite, accompanied by minor kyanite and sillimanite, indicate a main derivation of the material from (Variscan)
amphibolite-grade metamorphic terranes (and overlying sediments) such as those exposed today in the Strona-
Ceneri Zone of the southern Alps. During Coniacian to Early Santonian times, a different souice area must have

been feeding the fan system represented by the Sarnico Sandstone and the Piano di Sirone Formation. As shown by
the heavy mineral assemblage which is dominated by apatite, zircon, tourmaline and rutile, the crystalline source
terranes were composed of low-grade metamorphics and granitic rocks. A more northeasterly source is suggested for
these sediments by a similar heavy mineral assemblage in the Turonian flysch of Val Croina and in the Insubric
Flysch, as well as by the Variscan metamorphic gradient in the Southern Alps diminishing towards the East. The
heavy mineral assemblage of the Sarnico Sandstone and of the Piano di Sirone Formation corresponds to that of
slightly older (Turonian) Austroalpine flysch formations in the Ortler Zone and in the Samaden zone/Bernina nappe
which, however, also contain chromite from obducted or accreted ophiolites exposed still further to the North. The
fan progradation of the Sarnico/Sirone system obviously reflects the peak of uplift along the Austroalpine/South
Penninic convergence zone. In Late Santonian/Campanian times (Bergamo Flysch) the heavy minerals again point
to a high-grade metamorphic source terrane.

') Department of Earth Sciences, Swiss Institute of Technology, 8092 Zürich, Switzerland.
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RIASSUNTO

Il Flysch Lombardo delle Alpi meridionali è il prodotto dell'orogenesi, del sollevamento e dell'erosione del

dominio austroalpino/sudalpino avvenuti nel tardo Cretaceo al margine meridionale della Tetide. I sedimenti terrigeni

costituenti il Flysch giacciono al di sopra di una sequenza pelagica ed emipelagica di età Giurassico-Cretaceo

medio depositatasi, in condizioni di profondità crescente, sulla parte distale sommersa del margine continentale del

promontorio o microplacca apula (Adria). La sedimentazione del Flysch cominciò localmente nel Cenomaniano per
diventare generalizzata soltanto a partire dal Turoniano inferiore. Nel Campaniano, con la recessione delle conoidi
turbiditiche, ricomincia la sedimentazione emipelagica e bioclastica di scarpata che, dal Campaniano superiore,
arriva al Eocene.

L'analisi dei ciottoli e dei litoclasti dei conglomerati e delle arenarie del Flysch Lombardo, mostra una provenienza

dei clasti sedimentari e cristallini da una sequenza di margine passivo con successione di facies identica a

quella del dominio lombardo delle Alpi meridionali o delle falde austroalpine. Le impronte di corrente, l'imbrica-
zione dei ciottoli nei conglomerati e l'orientazione dei canali, indicano apporti provenienti generalmente da N, NE
con una deviazione delle correnti verso Ovest lungo l'asse del bacino. I minerali pesanti indicano due distinte zone

d'alimentazione.
Dalla parte bassa del Cenomaniano superiore al Turoniano, la presenza di granato, staurolite e, subordinatamente,

di cianite e sillimanite, indica un alimentazione da terreni metamorfici (ercinici) in facies anfibolitica (con
sovrastante copertura sedimentaria) simili a quelli esposti nella Zona Strona-Ceneri delle /Alpi meridionali. Dal
Coniaciano al Santoniano inferiore, un'area sorgente diversa deve aver alimentato il sistema di conoidi delle
Arenarie di Sarnico e della Formazione del Piano di Sirone. In base all'associazione di minerali pesanti, dominata da

apatite, zircone e rutilo, i terreni cristallini della zona di alimentazione dovevano essere costituiti da rocce metamorfiche

di basso grado e da rocce granitoidi. La somiglianza con l'associazione di minerali pesanti rilevata nel Flysch
della Val Croina e nel Flysch Insubrico e la generale diminuzione verso E del gradiente ercinico nelle .Alpi meridionali,

suggeriscono una localizzazione a NE della zona di alimentazione. L'associazione di minerali pesanti delle

Arenarie di Samico e della Formazione del Piano di Sirone corrisponde a quella dei flysch turoniani austroalpini
della zona dell'Ortler e di Samedan/falda del Bernina. Questi però, contengono anche cromite proveniente dalle

ofioliti tettonicamente accrezionate od obdotte ed attualmente esposte in posizione più settentrionale. La progradazione

del sistema Sarnico/Sirone è chiaramente collegata all'acme del sollevamento lungo la zona di convergenza
austroalpina/sudpennidica. Nel Santoniano superiore/Campaniano, i minerali pesanti tornano ad indicare
un'alimentazione da terreni metamorfici di alto grado.

Introduction

In the western Alps, Cretaceous orogenic movements are documented by
widespread terrigenous flysch and melange formations and radiometrically dated high
p-metamorphic mineral assemblages in continental and oceanic basement rocks. In
terms of actualistic models, this subduction-related association has been interpreted as

the relics of a late Early to Late Cretaceous accretionary wedge which later was
involved in end-Cretaceous to Early Tertiary continental collision between Adria and

Europe (Platt 1986, Marthaler & Stampfli 1989, Polino et al. 1990). In contrast
to the western Alps, the Cretaceous metamorphism in the Austroalpine realm of the
eastern Alps is characterized by low-grade (Northern Calcareous Alps p.p., Kralik et
al. 1987), greenschist and amphibolite facies mineral assemblages (e.g. Thöni 1983)
reflecting normal or high geothermal gradients. Whereas the Cretaceous flysch
sequences of the western Alps are invariably decolled from their substratum, those of
the eastern and southern Alps often stratigraphically overlay their original substratum.
A setting behind the subduction zone is generally assumed for this realm for Aptian to
Late Cretaceous times (Castellarin 1976, Laubscher & Bernoulli 1982, Winkler
1988, Polino et al. 1990).
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In the Lombardian Zone of the southern Alps and in the Austroalpine nappes of
southeastern Switzerland, Aptian/Albian and Upper Cretaceous flysch sediments
document the early orogenic movements along the South-Tethyan active margin. These
sediments generally overlay a deepening-upward pelagic to hemipelagic sedimentary
sequence of Jurassic to Early Cretaceous age deposited on a submerged distal
continental margin of Atlantic-type (Bernoulli et al. 1979, Winterer & Bosellini
1981). Where a stratigraphie contact between these turbiditic sequences and their
original substratum is preserved it is often conformable, however, the siliciclastic content

of the flysch sequences documents extensive emergent source areas of sedimentary

and metamorphic terranes.
In the southern Alps, the age of the major thrusting episodes is still discussed as

stratigraphie control of the deformation is only possible in border regions. Submarine
unconformities and chaotic deposits in the Cenomanian of the southern Bergamasc
Alps point to submarine erosion and mass-wasting, possibly in connection with minor
décollement and deformation in the sedimentary cover of the southern Alps (Bersezio

& Fornaciari 1988). However, the bulk of siliciclastic detritus in the South
Alpine flysch is derived from an emergent area situated in the present-day Orobic
Zone and/or in the adjacent Austroalpine realm still further North (Castellarin
1976). A pre-Late Eocene tectonic 'phase' is evident in the Adamello region where
folded Mesozoic sediments and the Gallinera thrust-fault are cut by the Eocene
Adamello intrusion (Brack 1981), and a Cretaceous age cannot be excluded for these
structures which also involve crystalline basement (Doglioni & Bosellini 1987).

Pétrographie investigations in Cretaceous flysch sequences both in the Austroalpine

nappes (Northern Calcareous Alps, Dietrich & Franz 1978, Gaupp 1982,
Winkler 1988) and in the underlying South Penninic melanges (Lüdin 1987, Winkler

1988) show that during convergence oceanic and shallow continental crust and
their sedimentary cover were uplifted and eroded. Recycling of obducted and/or
subducted crust is indicated by the presence of chromite mineral grains derived from
ultramafic rocks and of detrital high p/low T metamorphic minerals in flysch
sequences of the external Northern Calcareous Alps and the underlying melanges
(Winkler & Bernoulli 1986, Winkler 1988).

In this paper, we shall describe the heavy mineral content of Cretaceous flysch
sequences in the southern Alps and in the western Austroalpine nappes of
Graubünden. The sequences described here occur i) along the southern border of the
southern Alps between Lago Maggiore and the town of Brescia (Lombardian Flysch,
Aubouin et al. 1970, Bichsel & Häring 1981, Gelati et al. 1982, Bersezio &
Fornaciari 1987), ii) in the western Trentino area (Val Croina, Bonneau 1969, Huber
1989) and along the Giudicarie Line (Insubric Flysch, Castellarin 1976), iii) in the

Upper (centrai) Austroalpine Ortler nappe (Val Trupchun, Graubünden, Caron et al.

1982) and iv) in the Lower Austroalpine Bernina nappe and Samaden zone (Roesli
1944, 1945, Finger 1978, Lüdin 1987) (Fig. 1). These flysch sequences generally
develop from hemipelagic basinal marls (Scaglia Rossa, Couches Rouges) and are
either overlain by higher nappes emplaced in the Late Cretaceous (Austroalpine) or by
hemipelagic deposits and small base of slope fans of latest Cretaceous to Eocene age
(Southern Alps, Kleboth 1982, Bernoulli et al. 1988). Whereas the Austroalpine
occurrences are areally very restricted today, the Lombardian Flysch represents a lat-
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erally and vertically more or less continuous body of various submarine fan and basin

plain deposits (Bichsel & Häring 1981, Gelati et al. 1982, Bersezio & Fornaciari
1987, 1988).

Stratigraphy

Lombardian Flysch

The stratigraphy of the Lombardian Flysch has been summarized by Bichsel &
Häring (1981), Gelati et al. (1982) and Bersezio & Fornaciari (1987, 1988). The
stratigraphical relationship between the different formations of the Lombardian Flysch
are given in Figure 2.

The Lombardian Flysch occurs in a E-W-trending strip along the southern
morphological border of the southern Alps (Fig. 1) the front of which is deeply buried
below the Late Miocene to Recent postorogenic deposits of the Po Plain (Pieri &
Groppi 1981). The sequence of the western part of the basin, between Lago Maggiore
and Lago di Como, is only fragmentarily exposed and is, in its basal part (Varesotto
Flysch), quite different from the sequence in the Brianza area and in the Bergamasc
Alps.

Brianza and Bergamasc Alps

In the Brianza and Bergamo areas, the Lombardian Flysch reaches its greatest
thickness of about 1,800 m. In the Brianza area and in the western Bergamasc Alps the
terrigenous flysch sediments overlay a sequence of hemipelagic marls (Scaglia
Lombarda Group, Aptian to Upper Cenomanian, for its sedimentary evolution see Arthur
& Premoli Silva 1982). In this sequence, intrabasinal pelagic carbonate turbidites
(Sasso della Luna Formation, Albian) occur in the Bresciano area and in the Bergamasc

Alps. In general, terrigenous flysch sedimentation starts in the latest Cenomanian
or earliest Turonian. However, in the Bergamasc Alps, older chaotic deposits in the
Cenomanian sequence enclose a wedge of fine-grained turbiditic sandstones with a

northeasterly provenance (Bersezio & Fornaciari 1988). Thin-bedded sandstone
turbidites are locally intercalated in the hemipelagic Bruntino Marls (Aptian-Albian)
and in the Upper Black Shale Formation (Scisti Neri Superiori, uppermost Cenomanian

or lowermost Turonian, Aubouin et al. 1970).
In the Brianza and in the western Bergamasc Alps, sedimentation of the main body

of terrigenous flysch sediments starts with uppermost Cenomanian or lowermost Turonian

fan fringe sediments (Flysch Rosso, Sommaschio Formation) which are overlain
by a thick sequence of basin plain turbidites (Pontida Formation, Turonian). In the
eastern Bergamasc Alps thick-bedded sandstones and marls, the Colle Cedrina Flysch
(Middle to Upper Turonian, Gelati et al. 1982), unconformably overlay the Cenomanian

chaotic deposits (Bersezio & Fornaciari 1987). From the Coniacian to the

Early Santonian, a system of submarine fans prograded, as suggested by a general
thickening and coarsening upward trend in the Sarnico Sandstone and Piano di Sirone
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Formation. In the Late Santonian, recession of the fan system led to deposition of
outer fan deposits (Flysch di Bergamo, Pietra di Credaro) before hemipelagic and
turbiditic carbonate sedimentation resumed (Piano di Brenno Formation, Tabiago
Formation, Kleboth 1982, Ternate Formation, Bernoulli et al. 1988). The clastic
material admixed in the resediments of these small bioclastic base of slope fans of
Maastrichtian to Late Eocene age seems to be of more local provenance and mostly
exhumed from older sediments exposed along the basin slope or the walls of
submarine valleys (Bernoulli et al. 1988).

The following formations have been investigated:
1. The Flysch Rosso (Venzo 1954, Sommaschio Formation, Bersezio & Fornaciari

1987) is a relatively thin (maximum 120 m), laterally discontinous formation of
reddish or green and purple marls with intercalated fine to medium-grained
thinbedded lithic sandstone turbidites (Bichsel & Häring 1981). Its age is latest
Cenomanian to Early Turonian (Aubouin et al. 1970). The passage from the underlying
Scaglia Rossa or Schisti Neri Superiori into the Flysch Rosso is gradual.

2. The Pontida Formation (de Rosa & Rizzini 1967) is composed of thin- to
medium-bedded turbiditic sandstones and marls of great lateral continuity. Its thickness

has been estimated at 450 (Bichsel & Häring 1981) to 600 m (Bersezio &
Fornaciari 1987). Interbedded, several m thick megaturbidites are particularly
frequent in this formation. Because of its acyclic bedding pattern, Bichsel & Häring
(1981) suggested a basin plain environment of deposition. To the East the lateral
passage into the Colle Cedrina Flysch is not exposed. The stratigraphie range of the
formation and particularly the apparently diachronous upper limit are not well
established, but a Turonian age is evident for its base (Bichsel & Häring 1981, Gelati
et al. 1982). Bichsel & Häring (1981) interpreted the Pontida Formation as the
distal basin plain equivalent of a prograding Sarnico Sandstone submarine fan. However,

the biostratigraphic data of Gelati et al. (1982) show that the Sarnico Sandstone
is not the lateral equivalent of the Pontida Formation. This is supported by the
different modal compositions (Bersezio & Fornaciari 1987) and heavy mineral
contents of sandstones (our data) indicating that the sediments of the two formations are
derived from different source areas and must be related to different distribution
systems (see below).

3. The Sarnico Sandstone Formation (de Alessandri 1899, de Rosa & Rizzini
1967) consists of medium- to thick-bedded, coarse grained, partly amalgamated
sandstones and conglomerates arranged in upward-thickening cycles (Bichsel & Häring
1981). It has a thickness of 300 to 450 m, probably thinning to the East where it
onlaps onto the Cenomanian Scaglia Rossa (Gelati et al. 1982). Palaeocurrent directions

are from the East. Biostratigraphic control is poor, but from the underlying and

overlying formations and from scarce nannoplankton data (Bichsel & Häring 1981)
a Coniacian age can be inferred. The Sarnico Sandstone represents a non-channelized
mid-fan system (Bichsel & Häring 1981).

4. The Piano di Sirone Formation (Venzo 1954) can be considered as representing
a number of prograding, channelized systems of the Sarnico Sandstone fan (Bichsel &
Häring 1981). This is confirmed by our petrographical data which indicate the same
source area for the two formations. The formation has a two-fold appearance. It partly
consists of lense-shaped, mostly organized conglomerate bodies representing broad
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channel fills which are embedded in thin-bedded, fine grained levee and interchannel
deposits. The formation reaches a thickness of 80 to 150 m, its age is Late Coniacian to
Early Santonian (Venzo 1951).

5. The Flysch di Bergamo Formation (Gelati & Passeri 1967) is an irregularly,
thin- to medium-bedded sequence of sandstones with interbedded marls. It is lithologically

clearly distinct from the Piano di Sirone and from the Sarnico Sandstone by its
much higher content in bioclastic shallow water carbonate material. The turbidite
facies association points to an outer fan depositional environment (Bichsel & Häring
1981). In relation to its thickness of around 1,000 m, the time span of deposition from
Late Santonian to Middle/Late Campanian is rather short. The Bergamo Flysch is
overlain by the hemipelagic and turbiditic carbonate sediments of the Piano di Brenno
Formation (Kleboth 1982).

Varesotto area

Varesotto Flysch (Bichsel & Häring 1981): In the Varesotto area, the hemipelagic
marls of the Scaglia Rossa Formation grade upwards into a sequence of turbiditic
bioclastic calcarénites and grey marls, lithic sandstones and conglomerates and intercalated

micritic limestones rich in trace fossils. Large slumps and pebbly mudstones are
frequent in the middle part of the formation. The upper part is again composed of
lithic sandstones. The thickness is about 600 m and the age of the formation ranges
from Late Cenomanian to Late Turonian-? Early Coniacian (Bichsel & Häring
1981). However, the outcrops in the Mendrisiotto area and the upper part of section B
(Fig. 2) show the same lithological and heavy mineral composition as the Pontida
Formation and are included by us in the latter.

There is a large gap in outcrop between the Varesotto Flysch (now Pontida Formation,

Section C, Fig.2) and the next younger flysch unit, the Coldrerio Flysch of
Bichsel & Häring (1981). This formation consists of an acyclic alternation of fine to
medium grained, carbonate-rich sandstones and marls and marly limestones,
interpreted as basin plain deposits by Bichsel & Häring (1981). Its similarity to the
Bergamo Flysch has already been noticed by Bichsel & Häring (1981). Indeed, its
Campanian age (Rutishauser in Bichsel & Häring 1981) and our pétrographie data
(Table 2) closely relate the Coldrerio Flysch to the Bergamo Flysch in which we shall
include it.

Insubric Flysch

The term Insubric Flysch was introduced by Castellarin (1976) for the small
occurrences of Upper Cretaceous flysch along the different segments of the Insubric
fault system. Between Samoclevo and Rumo (Val di Sole, province of Trento), the
outcrops of the Insubric Flysch are very incomplete and the sequence is tectonically
repeated by imbrication along the northern segment of the Giudicarie Line. Castellarin

et al. (1976) thought the flysch to rest unconformably on Triassic dolomites,
however, the contacts with the Mesozoic carbonates are, where exposed, tectonic
(Santini & Martin 1988). The sequence comprises coarse to fine grained turbiditic
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calcarénites, siltstones, marls and argillaceous marls of Scaglia-type with interbedded
conglomerates and pebbly mudstones. Castellarin et al. (1976) give an age ranging
from Turonian to Late Maastrichtian. Our own preliminary data indicate a Late
Campanian to Early Maastrichtian age for Scaglia-type marls interbedded with the flysch-
type sandstones and conglomerates corresponding to the middle and upper intervals
of the sequence described by Castellarin et al. (1976).

A 600 m thick sequence of Upper Cretaceous flysch (Formazione di Valle dAgola)
has been described by Castellarin (1972) from the eastern border of the
Lombardian Basin, East of M. Sabbion near Pinzolo. This formation consists of a lower,
Turonian to Santonian, member of dark colored calcareous, argillaceous and siltitic
hemipelagic marls with interbedded calcarénites and quartzose arenites. Intercalated
rudites are obviously derived from the adjacent Trento Plateau. The upper member of
Campanian to Maastrichtian age can be compared to the Piano di Brenno Formation
(Kleboth 1982). We have not investigated this sequence.

Small relics of Cretaceous flysch are also present in the western Trentino (Val
Croina, Bonneau 1969, Huber 1989). Here the hemipelagic marls of the Scaglia
Rossa Formation gradually pass into a sequence of first dark red and bioturbated, then
grayish green argillaceous marls with intercalated laminated micaceous siltstones
which are interpreted as distal mud turbidites. Up-section, more carbonate-rich graded
siltstones are present. The sequence is about 150 to 200 m thick, planktonic foraminifera

indicate a Late Turonian to Early Coniacian age (M. Caron in Huber 1989).
Rare bottom marks indicate that sediment transport was in a southerly direction.

Ortler nappe (Upper Austroalpine)

In the Ortler nappe, no sediments younger than Turonian are found (Caron et al.

1982). Variegated shales and marly limestones of Scaglia or Couches Rouges facies
and of Aptian to Middle Turonian age (Chanels Formation, Dòssegger et al. 1982)
overlay a Late Jurassic to Early Cretaceous pelagic sequence recording the subsidence
of the Austroalpine passive margin. In the Cenomanian to Middle Turonian part of the
hemipelagic sequence, thin intercalations of fine-grained turbidites are present. Samples

44 and 48 of Caron et al. (1982, Fig. 1) have been investigated by us.

Samaden zone and Bernina nappe (LowerAustroalpine)

The Samaden zone is a zone of imbricates decolled from the Austroalpine Err and
Julier basement nappes (Finger 1978). Sediments of the Bernina nappe, decolled
from their substratum also occur Southeast of the River Inn in Val Varusch (God
Drosa) and at Piz Murtirol East of S-chanf (Roesli 1927, 1944). As in the Upper
Austroalpine Ortler nappe hemipelagic marls of Couches Rouges or Scaglia-type,
overlying Lower Cretaceous hemipelagic shales and limestones (Aptychus Limestone
and Palombini Shales) are the youngest sediments found in these Lower Austroalpine
units. They also contain thin intercalations of micaceous and lithic turbiditic
sandstones and are also dated as Cenomanian to Early Turonian (Roesli 1944, Finger
1978). The heavy mineral data discussed in this paper are from Lüdin (1987). Sample
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FORMATION

Flysch Rosso

Varesotto Flysch

Pontida Fm.

Sarnico Sst. Fm.

Piano dl Sirone Fm.

Bergamo Flysch

Val Crolna Flysch

Ortler Flysch

Schlattain Series
God Dros Flysch
Murtirôl Flysch

SAMPLE LOCALITY COORD.(TOP.M

MB534 Roncaletti 759.9/067.8(CH)
MH410.412 Pusiano 744.7/075.6(CH)

MH275 Breggia river 722.1/079.1(CH)
MH1S7 Molino grasso 707.2/078.0(CH)
MH244 Biandronno 700.1/075.9(CH)
DBS422 Gropello 700.1/075.9(CH)

MH329 Ogglone railway station 747.5/075.5(CH)
MH317 Cesana 744.7/075.6(CH)
MH37 Olona 707.7/077.6(CH)
MH312 Bosisio 743.1/074.5(CH)
MH302.437 Sala al Barro 749.3/075.4(CH)
MH212 ++ San Pietro dl Stabio 716.3/079.7(CH)
M 8420,423 Roncaletti 759.9/067.8(CH)
MB429.538 Vallone 758.9/066.2(CH)
MB398 ++ San Pietro di Stabio 716.3/079.7(CH)

MB518 San Giuseppe 5059.5/571.9(1)
MB642 Paratico 5056 4/574 3(1)
MB408 San Pantaleone 5055.9/568.3(1)
MB455 Castagnola 5063.0/550.7(1)
MB399 Pratolungo 5062.3/539.6(1)
MB406.403 Mapello 5062.3/542.6(1)
MB426 Oggione village 748.8/073.0(CH)

MB517 Tremellini 5060.0/571.6(1)
MB334 Bergamo alto 5061 9/551 9(1)
MB322 Corna 5062 6/538 6(1)
MH223 Colle Brianza 749.8/068.5(CH)

MB659 Maimoni 5055.7/567.6(1)
MBS63 Bosco 5061 5/548 8(1)
MB658 Montello 5075.5/561.5(1)
MH407 ++ Coldrerio 720.1/078.8(CH)
MH305.404 Costa Masnago 743.3/070.0(CH)
MH423 Barzano 746.2/066.1(CH)
MH364 Montevecchia 2 749.1/064.8(CH)
MB31S Roncarro 5062.3/539.6(1)
MH377.320 Monticello 751.7/066.7(CH)
MB553 Credaro 5056.9/572.1(1)
MB498.487.482 Maimoni 5055.7/567.6(1)
MB500 Gandosso 5067.1/569.2(1)
MB474.470.463 Montello 5075.5/561.5(1)

FH93,105,106 Val Cadré. N Tirano 5085 2/629 6(1)

007648,7644 Val Trupchun 800.0/165.9(CH)

PL1674 Valeria Schlattain 780.9/153.9(CH)
PL1651 Laviner BOgls 796.4/164.9(CH)
PL1653 Plz Murtlrfil 796.6/163.8(CH)

SECTION/
COMP. SECTION

30/G
11/D

7/C
11/D
2/A
1/A

19/E
12/D
6/B
13/D
17/E
39/H
30/G
31/G
8/C

54/K
53/K
46/J
40/H
33/G
32/G
18/E

55/K
41/H
35/G
20/E

50/J
42/H
45/I
10/C
16/D
22/E
28/F
36/G
25/F
56/K
56/J
49/J
45/I

Table 1: List of analysed samples. Coordinates refer to Swiss (CH) and Italian (I) topographic maps. Samples
indicated by ++ were assigned on petrographical grounds to other formations than by Bichsel & Häring (1981).
Columnar section/composite section as in Bichsel & Häring (1981).
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PL 1647 is from the Schlattein Series (Finger 1978) Southeast of Piz Schlattein,
sample PL 1651 from the God Drosa Series in Val Varusch and PL 1663 and 1660 are
from the flysch of Piz Murtirol (Roesli 1927, 1944).

The locations ofthe individual samples are indicated in Table 1.

Methods

The samples for heavy mineral analysis were prepared in the following manner: Samples of preferentially
medium-grained sandstones were crushed and fragments of 1 to 4 mm diameter were dissolved in 70 "C hot, 10%

acetic acid, aided by a small addition of H,02. From the obtained insoluble residue the fraction 0.063-0.4 mm was

sieved, from which 10 g were separated by sample splitting. The heavy minerals then were separated by centrifuge
aided bromoform (p 2.9) technique. The heavy mineral fraction was mounted in pipeline and the transparent mineral

grains were determined and counted (200 grains per sample, except where differently indicated, see Table 2 and

Figs. 3 and 4). Numbers are frequency percentages.

Results

In the Lombardian Flysch, three major heavy mineral assemblages can be
distinguished (Table 2 and Fig. 3). The most widespread association contains garnet and
staurolite as the main components and subordinate amounts of kyanite and fibrous
sillimanite. Compared to garnet and staurolite, mineral grains of tourmaline, zircon,
rutile and other minerals of the Ti02-group (brookite, anatase, titanite) are always
only minor constituents. This heavy mineral assemblage is typical for the Flysch
Rosso, the Pontida Formation and for the Bergamo Flysch. Within the Bergamo
Flysch, two subgroups can possibly be distinguished by their different garnet/stau-
rolite ratios. In a western area, the heavy mineral assemblages of the Bergamo Flysch
are dominated by garnet, in an eastern one by staurolite. However, more data are
needed to deduce more precise regional or stratigraphical trends. One sample from
the Bergamo Flysch (MH 305, Costa Masnago) shows a somewhat unusual composition

yielding 5% of chloritoid.
The prograding fan system of the Sarnico Sandstone/Piano di Sirone shows a

qualitatively and quantitatively different heavy mineral assemblage. It contains major
amounts of apatite, tourmaline, zircon and minerals of the Ti02-group but only traces
of garnet and staurolite. In both assemblages chromite is only a very minor constituent
or completely lacking.

In the area of Varese, the Varesotto Flysch generally contains only few heavy mineral

grains suggesting that only small proportions of crystalline basement rocks were
exposed in the source area. This assumption is supported by thin-section observations
which show that the turbidites mainly contain epiclastic and intrabasinal carbonate
fragments. The heavy mineral assemblage comprises variable proportions of
tourmaline, zircon, Ti02-minerals, garnet and staurolite, and, in contrast to the rest of the
Lombardian Flysch, slightly higher amounts of chromite. However, in view of the small
number of grains available and the ubiquity of chromite in fine grained sandstones this
observation is not significant.

East of Varese, in the Mendrisiorto, the Varesotto Flysch (MH 398, San Pietro di
Stabio) and the Coldrerio Flysch (MH 407) show a heavy mineral assemblage with a
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strong affinity to the staurolite and garnet bearing assemblages of the Pontida Formation

and Bergamo Flysch to which they are comparable also time-stratigraphically.

Our results from the Lombardian Flysch cannot be compared directly to the data of Cipriani et al. (1976) from
the Sarnico Sandstone, the Pontida Formation and the Bergamo Flysch of the Bergamo area. This is partly due to the

different preparation techniques applied by these authors, particularly to their treatment of the samples by HCl.
causing the loss of apatite, and the finer sieve fraction investigated by them. Moreover, the position of their samples
in the stratigraphie sequence in many cases is not clear. The relatively high amounts of garnet observed by these

authors in part of their Sarnico Sandstone samples cannot be explained by different preparation techniques; they
would sharply contrast with our results. Their sample location map (Fig. 1 in Cipriani et al. 1976) indeed suggests
that pan of the samples (cf. their Fig. 1 and Table 4) comes not from the Sarnico Sandstone but from other formations

of the Flysch Lombarde

Pontida Fm.

MH329 MH317 MH37 MH312 MH302 MH437 (163) MH212

14.3 6 6 4 8 14.7 18.1 10.4 4.2 tourmaline
1.8 2 2 4 8 19 9.7 4 3 1.4 zircon
6.7 16.7 3 0 5 2 16.5 8 6 4.2 rutile

26.3 8 8 6 5 6 2 4 2 10.5 5 2 br/an/ti
7.6 11.9 7.8 11.8 29.5 3.1 3.8 apatite
0.0 0 0 2 2 1.9 1.3 0 0 0 0 chromite

36.6 39.6 39.1 40.3 14.3 63.2 43.9 garnet
6.7 14.1 31.7 18.0 6 3 0 0 36.3 staurolite
0.0 0 4 0 0 0 0 0 0 0 0 1.0 kyanite
0 0 0 0 0 0 0 0 0 0 0 0 0 0 sillimanite
0 0 0.0 0 0 0.0 0 0 0 0 0 0 chloritoid

MB545 MB420 MB423 MB429 MB538 MH398

13.3 9 7 2.1 5 9 5 5 3 4 tourmaline
3.1 1.3 0.0 1.4 0.8 0 0 zircon
4.9 5.0 2.6 2.7 2.9 1.4 rutile
9 8 15.7 0.0 5.0 8.0 0.7 br/an/ti
1.8 6 7 8.5 14.6 0 8 3.4 apatite
0.0 0.0 0.4 0.5 0 0 0.3 chromite

67.1 59.5 68.1 42.9 59.2 35.1 garnet
0.0 2.0 16.2 25.1 22.7 53.6 staurolite
0.0 0 0 2.1 0 9 0 0 2.1 kyanite
0.0 0.0 0.0 0.9 0 0 0 0 sillimanite
0.0 0.0 0 0 0 0 0 0 0.0 chloritoid

Flysch Rosso Varesotto Flysch

MB534 MH410 MH412 MH275 (147) MH157 (17) MH244 (36) DB5422 (44)

5.0 4.2 4.2 37.4 23.5 33.3 34.1 tourmaline
3 5 17 0.8 15.6 29.4 19.4 22.7 zircon
6 6 5.4 6.2 21.1 5.9 13.9 4 5 rutile
4.4 6.7 4.6 16.3 0.0 5.6 6 8 br/an/ti
0.9 8.3 2 3 6.1 0.0 2 8 0 0 apatite
0.0 0.4 0.0 1.4 17.6 5.6 4.5 chromite

71.9 54.2 56.0 2 0 5.9 11.1 20.5 garnet
6.6 18.3 25.9 0.0 17.6 8.3 6 8 staurolite
0.0 0 0 0.0 0 0 0.0 0 0 0 0 kyanite
0 0 0 0 0.0 0.0 0.0 0.0 0.0 sillimanite
0 0 0.0 0.0 0 0 0.0 0 0 0 0 chloritoid

Table 2: Normalized heavy mineral frequences in flysch samples of the Southern Alps and of the Austroalpine Ortler
nappe, br/an/ti indicates total brookite, anatase and titanite.
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Table 2 (continued)

Val Crolna Flysch

FH93

10.7
16.9
24.9
26.6
19.8
1.1
0 0
0 0

00
00
0 0

FH105

13.8
15 4

31.9
6.9

27.1
4 3

0 5

0 0
0 0
0 0
0 0

FH106

15.0
11.5
34.0
17.8
13 8
7 9

0 0

0.0
0.0
0.0
0.0

Ortler nappe

D07644 (30) D07648

26 7 23.9 tourmaline
46.7 47.9 zircon
6.7 12.3 rutile
6.7 1.2 br/an/ti
3.3 1.2 apatite
6.7 9.8 chromite
3.3 3.7 garnet
0 0 0.0 staurolite
0.0 0.0 kyanite
0.0 0.0 sillimanite
0.0 0.0 chloritoid

Piano di Sirone Fm.

MB517 MB334 MB322 MH223

13.5 24.6 25.5 12.2 tourmaline
15.9 41.3 18.9 24.9 zircon
27.5 21.4 22.6 26.8 rutile
3 8 3.2 3.7 6 5 br/an/ti

36.7 4.0 25.5 25.8 apatite
1.0 3.2 2.4 1.9 chromite
1.0 2.4 1.4 1.9 garnet
0 5 0.0 0.0 0.0 staurolite
0.0 0.0 0.0 0.0 kyanite
0.0 0.0 0.0 0.0 sillimanite
0.0 0.0 0.0 0.0 chloritoid

Sarnico Sandstone Fm.

MB518 (68) MB642 (167) MB480 (104) MB455

19.1
41.2
11.8
2.9

20.6
0.0
0.0
0.0
0.0
0.0
0.0

19.3
13.1
14.8
3.4

44.3
2.3
1.1
1.1

0.0
0.0
0.6

19.3
28.9
7.7
10.5
1.9
8.7
15.4
0.0
0 0

0.0
0.0

12.3
36.6
23.5
4.9
18 1

0.4
4.1
0.0
0.0
0 0

0.0

tourmaline
zircon
rutile
br/an/ti
apatite
chromite
garnet
staurolite
kyanite
sillimanite
chloritoid

MB399 MB406 MB403 MH426 (142)

15.8 13.8 23.4 12.0 tourmaline
12.3 10.6 11.4 14.1 zircon
18.7 28.1 16.9 33.1 rutile
8.9 6.5 2.5 4.2 br/an/ti

38.4 35.5 42.3 27.5 apatite
3.0 0.9 0.5 2.1 chromite
3.0 3.7 3.0 6.3 garnet
0.0 0.9 0.5 0.7 staurolite
0.0 0.0 0.0 0 0 kyanite
0.0 0.0 0.0 0.0 sillimanite
0.0 0.0 0 0 0.0 chloritoid
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Table 2 (continued)

Bergamo Flysch (garnet-rich assemblage)

MB659 MB563 MB658 MH407 MH305 MH304

4.6 7.7 6.5 3.6 14.5 5.4 tourmaline
2.9 2 3 2.3 0.0 7.9 0.8 zircon
3 3 4.5 2.7 1.8 9 2 2.5 rutile
2.1 1.4 1.9 1.8 20.6 1.6 br/an/ti
19.5 4.5 17.3 4.5 15.8 5.0 apatite
0.0 0 0 0.8 0.6 0.4 0.0 chromite

41.5 67.6 35.4 45.2 18.0 64.5 garnet
25.3 12.2 28.1 41.8 6.1 19.8 staurolite
0 8 0.0 3.8 0.6 0.0 0.4 kyanite
0 0 0 0 1.2 0.0 0 0 0.0 sillimanite
0.0 0.0 0.0 0.0 7.5 0.0 chloritoid

CJ1H423 MH364 MB315 (56) MH377 MH320

2.0 5 7 8 9 5.9 2.0 tourmaline
1.2 0.5 7.1 3.6 2.0 zircon
1.2 4.8 5.4 8.7 2.4 rutile
0.4 1.9 8.9 4.0 10.9 br/an/ti
2.8 26.2 3.6 36.4 36.7 apatite
0 8 0.0 0.0 0.0 0.4 chromite

67.5 44.8 41.1 35.6 42.3 garnet
16.5 16.2 23.2 5.9 2.8 staurolite
5.9 0.0 1.8 0.0 0.0 kyanite
2 0 0.0 0 0 0.0 0.0 sillimanite
0.0 0.0 0.0 0.0 0 4 chloritoid

Bergamo Flysch (staurolite-rich assemblage)

MB553 MB498 MB487 MB482 MB500

2 4 5.3 3.3 12.0 10.7 tourmaline
1.4 0.4 0 9 2.0 0.9 zircon
2 4 4.9 4 2 6.0 3.4 rutile
2.0 0.4 4.2 7.5 7.3 br/an/ti
2 9 2 2 3.3 2.5 4 7 apatite
0.0 0.0 0.9 0.5 0.0 chromite

36.7 35.6 35.7 28.5 26.5 garnet
52.4 48.9 47.4 40.5 46.6 staurolite
0.0 1.8 0.0 0.5 0.0 kyanite
0.0 0.4 0 0 0.0 0.0 sillimanite
0.0 0 0 0 0 0 0 0.0 chloritoid

MB474 MB470 MB463 MB456

5.1 2 8 6 6 7.9 tourmaline
0.4 14 1.9 0.4 zircon
6.8 2.3 4.2 5.4 rutile
3.8 2 8 6.1 8.4 br/an/li
2.5 0.5 3.8 5.0 apatite
0.0 0 0 0.0 0 0 chromite

30.1 33.6 17.0 23.8 garnet
50.0 49.8 60.4 48.5 staurolite
0.8 5.5 0.0 0.4 kyanite
0.4 1.4 0.0 0.0 sillimanite
0.0 0 0 0 0 0.0 chloritoid
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The Late Turonian to Early Coniacian flysch of Val Croina shows a heavy mineral
spectrum that is qualitatively and quantitatively similar to that of the partly coeval)
Sarnico Sandstone of the Lombardian Basin (Table 2, Fig. 3). With some variation this
holds also true for the younger, Late Campanian to Early Maastrichtian flysch
sandstones along the Giudicaria Line in the area between Male and Rumo. These
sandstones are clearly distinct from the coeval Bergamo Flysch. Castellarin et al. (1976)
report also the rare occurrence of chromite.

The Lower Austroalpine flysch sandstones in the Samaden zone and from Piz Mur-
tirol and God Drosa contain a trivial heavy mineral assemblage with tourmaline,
zircon, rutile and other Ti02-minerals (because of the presence of diagenetic baryte
which is easily mistaken for apatite, apatite has not been counted). In contrast to the
majority of the South Alpine flysch sandstones, these sandstones bear appreciable
amounts of chromite. The Upper Austroalpine sandstones of the Ortler Zone are
similar in composition but contain less chromite (Table 2, Fig. 4).

Interpretation ofthe heavy mineral assemblages

Reconstruction of the stratigraphie sequence of the source areas from pebble analysis

of conglomerates of the Lombardian (Bichsel & Häring 1981) and of the
Insubric Flysch (Castellarin et al. 1976) indicates that the sedimentary and basement
fragments came from a passive margin sequence with a facies development identical to
that of the Lombardian Zone of the Southern Alps or of the Austroalpine nappes. In
present-day coordinates, the basin had an East-West extension and was bordered in the
East (Trento Plateau) and South (Malossa High, see Errico et al. 1980) by submarine
plateaux with pelagic sedimentation. Bottom marks in the Pontida and Sarnico Formation

show a predominantly westerly, in the Bergamo Flysch a more radial southward
direction of transport (Fig. 5, Bichsel & Häring 1981, Bersezio & Fornaciari
1987). In the conglomerates of the Piano di Sirone Formation and of the Insubric
Flysch, pebble imbrication in organized conglomerates and channel orientation indicate

provenance from the North to Northeast (Castellarin 1976, Bichsel & Häring
1981). A different source area can be established for large mass-flow deposits derived
from the Garda escarpment bounding the Lombardian basin to the East (Castellarin
1972, Bernoulli et al. 1981). From the pattern of current directions (e.g. Bichsel &
Häring 1981, Fig.22, Bersezio & Fornaciari 1987, Fig.6) and from the clastic content

of the sediments it is suggested that the currents entered the basin from the North
and Northeast and were deflected into a predominantly westerly direction along the
basin axis. Admixed penecontemporaneously redeposited shallow water carbonate
fragments and fossils in the terrigenous sandstones and conglomerates of the
Lombardian Flysch show that the emergent source areas to the North were rimmed by
more or less extensive carbonate shelves (Castellarin 1972, Bernoulli et al. 1987).

For the Austroalpine no data relevant for a basin analysis exist.
From heavy mineral analysis three types of basement source terranes can qualitatively

be distinguished (cf. also Wildi 1985).
1. An oceanic basement, mainly composed of serpentinites and minor mafic rocks,

documented by the local (and rare) presence of chromite mineral grains.
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Fig. 3. Mean heavy mineral spectra of the South Alpine flysch formations. Data from the Val Croina Flysch from

Huber (1989).
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Lechtal Kreideschiefer
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Fig. 4. Mean heavy mineral spectra of various Austroalpine to South Penninic flysch formations. Data from Lüdin
(1987) & Winkler (1988) with the exception ofthe Ortler nappe. For legend see Fig.3. In the spectra indicated by*
apatite was not quantified.
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Fig. 5. Palaeogeography of the Lombardian basin from the Turonian to the Campanian. Current direction data from
Bichsel (1980) & Häring (1980).

2. A shallow continental crust documented by the presence of tourmaline, zircon,
apatite, rutile, and other minerals of the Ti02-group (ZTR-assemblage of Wildi 1985)
derived from granitic and low-grade metamorphic gneissic terranes.

3. A deeper continental crust documented by the presence of staurolite, garnet,
kyanite and sillimanite which were eroded from amphibohte or even higher grade
metamorphic rocks. Microprobe (EDAX) analysis of a few garnet grains has given high
almandine contents.

Obviously, the heavy minerals from the three source types have been mixed to
various degrees in the source area or along transport of the sediment. Nevertheless,
different distributary systems can clearly be distinguished (Fig. 5).

During the early, Late Cenomanian to Turonian depositional history of the
Lombardian Flysch basin, detritus was derived mainly from sedimentary and from amphib-
olite-grade metamorphic terranes. This is reflected by the high garnet and staurolite
contents with minor kyanite and sillimanite and small amounts of tourmaline, apatite,
zircon and minerals of the Ti02-group in the sandstone samples from the Flysch
Rosso, the Varesotto Flysch and from the Pontida Formation. In the base of slope
deposits of the Varesotto Flysch, small amounts of chromite are also present, pointing
to an ultramafic oceanic or continental basement source. In the easternmost part of the
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basin, the sandstones of the Turonian Val Croina flysch show a heavy mineral assemblage

typical for low-grade metamorphic source terranes. Dispersal in the now
outcropping part of the basin was mainly East-West along the basin axis (Bichsel &
Häring 1981) but eastsoutheasterly directions are also observed (Bersezio & Fornaciari

1987).
During Coniacian to Early Santonian times a different dispersal system must have

been active feeding the prograding fan system represented by the Sarnico Sandstone
and Piano di Sirone Formations. As shown by the heavy mineral assemblage the source
area was dominated by low-grade metamorphic terranes (and sediments). This is
confirmed by the QLF-modes of the sandstones in the Sarnico Sandstone (Bersezio &
Fornaciari 1987). The data show also, that the Pontida Formation cannot be the
distal equivalent of the fan deposits of the Sarnico/Piano di Sirone system. The source
area of the latter system was probably more to the Northeast and its products seem to
have reached mainly the eastern part of the area (e.g. the Turonian Val Croina Flysch,
Figs. 2 and 3). This would be in line with Castellarin's (1976) hypothesis that during
the Senonian also more northeasterly situated source terranes were active. A
northeasterly low-grade metamorphic source terrane is also suggested for the Campanian-
Maastrichtian Insubric Flysch. In contrast, the heavy mineral assemblages point again
to high-grade metamorphic source terranes for the sandstones of the Late Santonian to
Campanian Bergamo and Coldrerio Flysch formations.

The input of oceanic material in the Lombardian basin was at best very minor as

shown by the limited amount of chromite present. Higher amounts of chromite are
characteristic for South Penninic and Austroalpine early Late Cretaceous flysch
sequences (Lüdin 1987, Winkler 1988, see also Table 2 and Fig.4). These areas are
more closely related to the actual zone of plate convergence and to possible sites of
ophiolite accretion or obduction. This is particularly reflected in the heavy mineral
assemblages of the Lower Austroalpine flysches which are rich in chromite.

Palaeotectonic implications

The Cretaceous flysch sequences of the Austroalpine nappes and of the southern
Alps are obviously related to the Cretaceous pre-collisional orogeny along the
southern margin of the Tethys. In contrast to the Cretaceous flysches of the South
Penninic belt of the western Alps which are generally allocated to an accretionary
wedge (Polino et al. 1990), the Cretaceous clastic sediments of the Austroalpine-
South Alpine realm were probably deposited in the back of the active margin (Castellarin

1976, Laubscher & Bernoulli 1982, Winkler 1988). As shown by the
different heavy mineral assemblages in the Austroalpine and in the South Alpine flysch
sequences, the area must have been characterized, during the Cretaceous, by a complicated,

ever changing morphology.
To restore the Cretaceous palaeotectonic situation, the effects of later, Eocene to

Early Oligocene and Miocene tectonic movements must be eliminated. For our area,
the main post-Cretaceous movements are the internal south-vergent thrusts of the
southern Alps and the Tertiary transcurrent movements along the Insubric and the
Giudicarie Line. First, kinematic inversion of the Late Miocene sinistral movements
along the Giudicarie system (Laubscher 1988) would place the Insubric Flysch more
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to the South, to the East and Northeast of the Lombardian Basin (and the Trento
Plateau still more to the South). Laubscher (1988) estimates the dextral displacement
between the Late Cretaceous and the Late Miocene along the Insubric fault to be of
the order of 300 km. In any case, a palinspastic restoration assuming a much smaller
Tertiary lateral displacement would place the Lombardian Basin and the underlying
basement (Strona-Ceneri and Orobic Zones) more to the East. Finally Miocene
thrusting would have shortened the distance between the occurrences of the
Lombardian Flysch and the Orobic Zone by a few tens of kilometers at least (total shortening

of the Milano belt according to Laubscher [in press] would be about 100 km).
Post-Cretaceous movements within the Austroalpine belt are certainly important, but
can, as yet, not be assessed in a realistic way. A palinspastic restoration of the Cretaceous

situation is thus still very difficult, however, a few conclusions can be drawn from
the heavy mineral content of the flysch sequences.

The abundance of chromite in the Austroalpine flysch sequences points to local,
southward obduction of oceanic crust and lithosphère onto the southern continental
margin (Laubscher 1970, Winkler 1988) or to the emergence of an accretionary
wedge exposing ultramafic ophiolites (e.g. Winkler & Bernoulli 1986). As shown by
the occurrence of chromite mineral grains already in Early Cretaceous deposits of the
Northern Calcareous Alps, the emplacement of ophiolites must have taken place
during an early stage of convergence (Winkler 1988). This mineral also occurs in the

Aptian-Albian flysch of the Lienz Dolomites (Faupl 1976) and in younger flysch
sequences of the Austroalpine arc system, in particular in the Turonian to Coniacian
flysch sediments of the Simme nappe s.str. (Flück 1973, Homewood 1983, Wicht
1984), in the central Austroalpine Ortler Zone and in the Lower Austroalpine Err-
Bernina nappe (our data).

Chromite is very rare or absent in the Lombardian Flysch. Slightly higher amounts
of this mineral in the Varesotto Flysch show that a limited input of chromite occurred
in the west of the Lombardian Basin. This chromite is not necessarily derived from
ophiolitic terranes. Chromite occurs in the ultramafic rocks of the Ivrea Zone (Vogt
1962), in rare ultramafic intercalations ofthe Strona-Ceneri Zone (Spicher 1940) and
in similar péridotites of the Austroalpine realm (personal communication by G.V. dal
Piaz, 1990). Obviously the basin was largely sheltered from the influx of ophiolitic
detritus in contrast to the Austroalpine flysch basins. This could be due to a topographical

barrier, in particular an emergent area between the two basins. The former location

of such an emergent barrier, however, can only be surmised by circumstantial
evidence.

A source area for the siliciclastic material of the Lombardian Flysch, situated in the

present-day southern Alps, in particular in the Orobic Zone, has been assumed by earlier

workers (Insubric Ridge of Elter et al. 1966, Massari & Medizza 1973). The
heavy mineral contents of the Lombardian Flysch indicates a high-grade metamorphic
source terrain for the Late Cenomanian to Turonian flysch sequences. Such a high-
grade terrain is present today in the Strona-Ceneri Zone between the lower Sesia

valley and Lake Como and might have extended in Late Cretaceous times further to
the North. As Permian volcanics and clastic sediments directly overlay these Variscan
and older high-grade metamorphic rocks (Zingg 1983), their exposure would not
have been preceded by the erosion of Variscan low-grade metamorphic sequences but



Heavy mineral assemblages from flysch sequences 307

could be more or less simultaneous with the erosion of the overlying Mesozoic
sediments. Indeed, as results from illite crystallinity and vitrinite reflectivity measurements
in the Carboniferous sediments at Manno (Stadler et al. 1976), the sedimentary cover
of the Strona-Ceneri Zone was never very thick and could have been eroded at an early
stage of the Cretaceous orogeny. Variscan high-grade terranes yielding garnet,
staurolite, kyanite and sillimanite are also exposed in the Tonale Zone North of the
Insubric Line and in adjacent Austroalpine units, however, as, to judge from their
Cretaceous metamorphic overprint (Thöni 1983), these units were covered by higher
tectonic units in the Late Cretaceous, they are not potential source areas for the
Lombardian Flysch.

Later, during the Coniacian and Early Santonian, the more deeply buried low-
grade metamorphic terranes of the area North and Northeast of the Bergamasc Alps
could have delivered the heavy mineral assemblages of the Sarnico Sandstone and of
the Piano di Sirone conglomerates. Bergamo Flysch and Coldrerio Flysch are dominated

again by heavy mineral assemblages derived from high-grade source terranes.
Late Cretaceous thrusting is suggested for the Lower Austroalpine Err-Bernina

nappe and the Ortler Zone where no Cretaceous sediments younger than Turonian are
preserved. Radiometric cooling ages in nearby areas, particularly in the underlying
Piatta nappe (110-70 Ma, Deutsch 1983) further document the early closure of the
sedimentary basins. The presence of Turonian (92-89 Ma) sediments in the Ortler
Zone, however, is not easily reconciled with the postulated tectonic events at 100 to
85 Ma and the cooling ages around 80 Ma established by Thöni (1983) in the nearby
Sesvenna-Engadine Dolomites nappe. In the Canavese Zone which is considered to
represent part of the distal South-Tethyan margin, Late Cretaceous low-grade
metamorphism (prehnite-pumpellyite-actinolite facies according to Biino & Compagnoni
1989), most probably related to burial by overthrusted units, possibly the Ivrea-
Strona-Ceneri basement, is documented in the area of Ivrea by K-Ar ages of illites
between 72 and 60 Ma (Zingg et al. 1976).

The post- or Late Turonian (pre-Gosau, Oberhauser 1973) closure of the last lower
and central Austroalpine basins, however, is closely followed by the Coniacian-Early
Santonian progradation of the Sarnico-Sirone fan. In turn, the occurrence of
redeposited shallow water fossils such as rudists and actaeonellids in the Sirone conglomerate

(de Alessandri 1899) suggests a connection with the shallow water areas of the
early Gosau deposits of the southern Austroalpine realm (Massari & Medizza 1973).

Late Cretaceous thrusting is thus established for the Lower and Upper Austroalpine,

the westernmost area of the southern Alps, i.e. the Canavese Zone s.str. and is

likely for the Orobic Zone or the area to the North of it. Pre-Late Eocene thrusting is

prooven for the latter in the Adamello area (Brack 1981) and Doglioni & Bosellini
(1987) have suggested a Late Cretaceous age for this event. This, however, does not
exclude Late Eocene movements to the South (Bernoulli et al. 1988).

Castellarin (1976) has proposed a model for the relation between source and
depositional areas of the Lombardian Flysch. Assuming a water depth of about
2,000 m for the inner fan deposits of the Lombardian Basin (e.g. Piano di Sirone) in
Late Cretaceous times and a basin slope of about 3°, one can calculate a minimum
distance of 45 km to the shoreline. If we accept a post-Cretaceous shortening of a few
tens of kilometers between the Orobic Zone and the outcrop area of the Lombardian



308 D. Bernoulli and W. Winkler

Flysch, the source area of the Lombardian Flysch could be situated in the Orobic Zone
and its western prolongation. In this case, the heavy mineral assemblages in the
Lombardian Flysch would reflect the Variscan metamorphic gradient observed today in the
Southern Alps: amphibolite and higher-grades in a western source area of the Varesotto

Flysch and the Pontida Formation, low-grade and granitic source terranes
Gneiss Chiari) in the eastern source areas of the Sarnico Sandstone, Piano di Sirone

and Insubric Flysch formations. However, whether the Gallinera thrust in the
Adamello area (Cassinis & Castellarin 1988) is a Cretaceous thrust or not, can only be
decided with radiometric age determinations of the fault rocks or by establishing the
cooling history North and South of the thrust by fission track dating.
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