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Swiss National Committee for the International Geodynamics Project
Working Group 8: Past Kinematics and Dynamics of the Alps

Evolution of Continental Margins in the Alps

Report by D. Bernoulli*), C. Caron**), P. Homewood**), O. Kilin*) and J. van
Stuijvenberg**)

The post-Variscan Mesozoic and Tertiary history of the Alpine-Mediterra-
nean area is closely linked with the evolution of an E-W-trending, Jurassic to
Early Cretaceous Tethyan ocean and its partial elimination by subduction and
continent/continent collision between Africa and Eurasia from the Late Cre-
taceous to the Tertiary. The reconstruction of the early evolution of ocean
basins and continental margins, the deformed relics of which constitute now
the different basement and sedimentary cover nappes in the Alpine belt can be
approached from different angles: 1. Whereas in the Dinaride-Hellenide belt
Jurassic speading was partly counterbalanced by Late Jurassic and Early Cre-
taceous subduction, to the west the overall framework is determined by and
large by the kinematic evolution of the Atlantic system and the surrounding
continents (e.g. LAUBSCHER and BERNOULLI, 1977). 2. Inside the Alpine belt, the
ophiolitic associations are interpreted as the remnants of oceanic crust and
lithosphere of the Tethyan ocean. Their occurrence and the existence of large
facies belts of mainly Mesozoic carbonates to both sides provide a guiding prin-
ciple for the recognition of former oceanic and continental margin areas. 3.
Seismic and deep sea drilling data from the undeformed continental margins
and ocean basins of the Atlantic-Tethyan system provide a basis for a compara-
tive anatomy of deformed and undeformed margins (BERNOULLI, 1972; GRACI-
ANSKY et al., in press). It is within this general context, that the working group
has formulated a programme that has also been accepted by the International
Geological Correlation Programme as Project 105: «Continental Margins in
the Alps». Between 1976 and 1979 four international workshops have been held
in the Swiss, Italian and French Alps and 16 papers dealing with both earlier
and late evolution of the continental margins of the Alpine Tethys have been
published or are in press. Some of the main results achieved so far are summar-
ized in Figures 1 and 2.

*) Geologisches Institut, Universitdt Basel, Bernoullianum, CH-4056 Basel (Switzerland)
**) Institut de Géologie, Université de Fribourg, CH-1700 Fribourg (Switzerland)



D. Bernoulli, C. Caron, P. Homewood, ‘O. Kilin and J. van Stuijvenberg

166

(DYALNAAINLS NVA " PUR JOOMIWOH “d ‘NOUYD ')
‘(seur AABM) JUQUISSEQ PUE $JUSWIPIS DIOZOSIN PIUWLIOJIP A[Suonls {(Paysiey $SOID) SIUSWIIPIS DI0ZOSIN PIWIO]
-ap AYBaM 10 pauLIOapun “(S3ssol1d) JuauIaseq 01 uoneas gim (Suipeys Le1d) suiseq yosA[y jo uonisod Sunensni suooas-sso1d spsedsurjed onewweseyg g 2indyg

: J1L3MNTEH
SIVNNOONYIHG SIVIVA “va1In ‘ JIL3AT3H

v//H[Ww‘ﬁU//./M.)ﬁa/ * * * + + * (//)(//){U.(/o + * + * + * + + + + + + +

JSIAYNYD _m_qu.qqm 10

INOWZId d-34dd

vIZ3s _

NVINON3S -34d
‘SNO3JVL3ED 3LV

V STJIWN ‘ ‘ INVIOIWNENS #

JWNWIS ® 5139 INoz

T~ N N I !

74 CGIOHINIWTIH —
77935 01 10w é A _.zmmm::um ﬁ Tm:m:m _ _ NELLLE IS
-739NaN9 7 N3ISIN y /ANII0TVd
INTHISYE INITTVLSWD |t N\ \\
\
AININISYE TNV [~ + + + + + + + + + + . .
SININIOIS OINYOLI0 ATONOELS |0~ e s oL v s \.\\\Vnuivnihnnt
SININICIS 2/020NIVD QI0Z053IN R
GQINEOIIT-NON 80 ATHVYIM
SINVIOIN JLIATIHVELIN ——
SWISYE HISAT mx,.m.mm_ S3d 17 3ad _ NFATIH N30T ALV
ml( Z\(

(NITYY] "O PUE ITINONYAg “(]) d1ssedng 9)e ‘sd[y uIayinog ‘s{y1s] oyl Jo urdiew [BIUAUNIUOD WILYINOS 3y YTNOo1Y) UONIes-55010 onsedsuried | ainSig

210208184 [~ o
9 JUOWOSeE UBDSLIEA § S8}EU0QIED JBIEM-~MO|[BUS JISSEINP I |usweseg JIEaan

DISSEINQ |y 01 JISSBIT I _EE%EE
assell]
D spsodap moyy-Apaeib g sotbejad SjuaWIpasal g suawipss dibelad
S \\ ~HUBY [ SjusWIpSs |BUISEq SOJIR(OIPRY
\_\ \\\\\\\\\\\\

i

2SSRIT N 03
aissery(
o} olssednp

ol

. Rl

il T

S g

J8us iUy ‘goun|eg  nesjeld ojusi| uiseqg ueipiequICT 2UO7 8soneURD)  UB22(



Evolution of Continental Margins in the Alps 167

In Figure 1, the early, Jurassic evolution of the southern Tethyan margin has
been reconstructed and is shown as a typical example of Tethyan margin evolu-
tion. In the western Tethys, early rifting and graben formation were discor-
dantly superimposed on the earlier, Triassic paleogeography (LAUBSCHER and
BerNouLLL, 1977), and did not closely follow the sites of Middle Triassic subsi-
dence and volcanicity which are generally interpreted as a phase of aborted
rifting. Nevertheless, the thicknesses of the latest Triassic to early Jurassic
appear to thin out towards the zone of later rupture (TRUMPY, 1975) and to anti-
cipate the presence of later basement highs near the edge of the continental
margins.

During the early Jurassic, the areas which were to become the continental
margins were affected by block-faulting. As a consequence, shallow-water sedi-
mentation was interrupted over large areas and only a number of platforms sur-
rounded by deeper throughs and plateaux persisted throughout the Jurassic.
Whereas along the northern margin fine terrigenous material was trapped in a
large intermediate basin (Dauphiné-Valais trough, GRACIANSKY et al., in press)
the southern margin was dominated by shallow-water and pelagic carbonate
sedimentation. The analogies between the carbonate platforms of the southern
Tethys and those of the Recent Bahamian margin with its irregular belts of
shallow and deep water comprise general facies distribution, size and mor-
phology of the platforms, rates of subsidence and many other parameters and
go far beyond the limits of chance. In the basins bordering the platforms coarse
platform-derived debris and grain-flow deposits as well as carbonate turbidites
and peri-platform oozes were deposited. Off the platforms the resediments
comprise pelagic sediments and peri-platform oozes (Figure 1).

Subsidence rates were highest during this early phase of disintegration of the
margin and varied widely between the different fault blocks. Some of the
former platforms and uplifted blocks (BAUD et al., 1979) became submarine
highs and seamounts on which only limited amounts of pelagic sediments accu-
mulated (Trento high, Brian¢onnais platform). The asymmetry of certain of
these highs and the marked unconformities at the base of the pelagic sequences
suggest crustal attenuation in connection with listric faulting (e.g. GRACIANSKY
et al., in press).

With the onset of spreading and the formation of oceanic crust during the
late Early (?) to Middle Jurassic, subsidence rates decreased and were more
evenly distributed over the margins. Through time, the submerged distal contin-
ental margins (Lombardian and Prépiemontais Zones) became increasingly
starved and only pelagic sediments whose facies were mainly determined by
synsedimentary faulting and prolonged subsidence were deposited.
Throughout the Jurassic, increasing water depth is reflected by increased car-
bonate solution, culminating in the deposition of radiolarites below the calcite
compensation depth (BoseLLINI and WINTERER, 1975; BERNOULLI et al., 1979).
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Only in the latest Jurassic, an evolutionary bloom of the calcareous nanno-
plankton and/or a change in the paleo-current system led to a depression of the
carbonate compensation depth (WEISSERT, 1979).

Local uplifted blocks and long-lived active fault scarps associated with
marine breccia formations (Falknis Nappe, Breccia Nappe) point to the inter-
ference of transverse movements, particularly along the northern (transform)
margin of the Liguria-Piemont ocean.

Although the general tectonic evolution of the Tethyan margins closely
parallels that of «passive» Atlantic-type and more specifically that of starved
margins like the Blake Plateau or the northwest Australian margin, there are
differences in the sedimentary evolution: whereas on the present-day spreading
ridges and on the deeply submerged margins pelagic carbonates only are depo-
sited, the sea floors of the juvenile Jurassic oceans and margins were below or
close to the carbonate compensation depth. This shows that exogenous condi-
tions were quite different in this narrow east-west trending Jurassic ocean
(WEISSERT, 1979). The interplay between endogenous and exogenous factors are
most prominent along the proximal parts of the margins, e.g. in the Helvetic
facies belt where global sea level changes superimposed on the general subsi-
dence led to shoaling-upward sedimentary cycles (workshop 1977).

The turn from «passive» Atlantic-type continental margins to margins gov-
erned by compression and/or large strike-slip movements occurs with the
opening of the North Atlantic, the Bay of Biscay and the South Atlantic, and
sinistral movements in the Tethyan system were replaced by dextral ones.

During mid-Cretaceous times, the pelagic sedimentation prevailing over the
distal continental margins and in the deeper basins was modified by a consider-
able detrital influx. The subsequent terrigenous clastic deposits, which appear
to correlate well with the mid-Cretaceous orogenic events (e.g. Gosau phase),
built up turbidite sequences in both the South-Pennine ocean and the North-
Pennine Valais Trough.

Abundant chromite mineral grains (Simme nappe, FLUCK 1973) mixed with
the relatively immature terrigenous clastics, suggest multiple sources for the
South-Pennine ocean deposits. This, together with the ophiolite blocks (olisto-
lithes) of the Gets nappe (e.g. CARON 1972) indicate that oceanic crust also con-
tributed some of the detritus. General simultaneity of radiometric dates of high-
pressure, low-temperature metamorphism in South-Pennine units of the Alps
(Hunziker 1974) inevitably suggests that the former flysch deposits were rel-
ated to an active subduction arc-trench environment in the Southern part of the
oceanic area (CARON et al. 1979).

Coeval deposits of the North-Pennine Valais Trough are not so well docu-
mented, but have been considered in the light of transform movements parallel
to the W-E trend of the basin (HOMEWoOOD 1977).

Senonian sequences of the South-Pennine ocean are characteristically
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abundant in basinal lime-mud turbidites. Helminthoid trace fossils are
frequent, particularly in beds of Maastrichtian age, and this facies is widely
known in the Alps as «Helminthoid Flysch» (topic of the fourth I.G.C.P. 105
workshop). Chromite is not to be found in these flysch, which show mono-
tonous and fairly constant facies along the trend of the Alpine belt, and general
sedimentation controls are taken to be exogenous in a fairly tranquil oceanic
basin.

Very coarse, upper Senonian terrigenous turbidite sequences of the North-
Pennine Valais Trough (e.g. Niesen Flysch, see CARON et al. 1979) once-again
suggest strike-slip or oblique-slip control of sedimentation, together with some
evidence for crustal collision during Late Cretaceous to Early Tertiary orogenic
events. '

Deep-marine sedimentation of clastics whose source was probably related to
this phase took place in the South-Pennine ocean during the early Tertiary
(Paleocene-Eocene). Here, the predominantly sandy Gurnigel and Schlieren
Flysch deposits were controlled by sea-level changes and long-term growth of
depositional systems in an apparently tranquil «oceanic» basin (STUJVENBERG
1979).

Crustal collision, followed by obduction of slivers of oceanic crust and
«décollement» of the overlying sedimentary pile mainly occurred from Eocene
to Oligocene times. During this phase flysch was first accumulated on the sub-
marine highs (e.g. Brianconnais and Ultrahelvetic) but later over the more
proximal part of the North-Alpine margin (Helvetic facies belt). The deep-
marine basins of the Alpine belt were thus definitely closed and the clastic
depocenters were moved to the shallow seas of the Alpine foreland.
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