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SCHWEIZ. MINERAL. PETROGR. MITT. 70, 265-285, 1990

Herrn Professor Dr. Christof Exner zu seinem 75. Geburtstag gewidmet

Correlation and evolution of the Alpine basement

by Wolfgang Frisch’, René-Pierre Ménot’, Franz Neubauer’ and Jiirgen F. von Raumer*

Abstract

The basement of the Alps constitutes part of the Variscan orogen. Helvetic and Penninic basement as well as a
small portion of the Austroalpine basement belong to the internal zone of the Variscan orogen, i.e. the Ligerian-
Moldanubian Zone. The major part of the Austroalpine-Southalpine basement belongs to the southern branch of
the Variscides. Parts of the Penninic basement as exposed in the Eastern Alps are not correlatable with other
zones of the Variscides.

Early Precambrian ¢lements going back into the Archean exist in the Austroalpine basement which probably
formed part of Africa. Recent publications and comparison with the extra-Alpine foreland lead to the conclusion
that Archean elements occur also in the Helvetic basement. Crustal mobility characterizes the period from the
Late Proterozoic to the Ordovician throughout the Alpine basement zones. This is demonstrated by the formation
and subduction of ocean floor and the generation of large volumes of subduction-related magmatism. Crustal con-

solidation occurs from the Ordovician through the Carboniferous in various stages of collisional tectonics.

Keywords: Alpine basement, Variscan orogen, crustal evolution, Helvetic Zone, Penninic Zone, Austroalpine

Zone, Southalpine Zone.

1. Introduction

Basement is incorporated in all Alpine mega-
units of the Alps. Basement complexes with
contrasting lithologies may have been formed in
distant places and brought together during the
Alpine or older orogenies. Therefore it is of
interest to show differences and similarities be-
tween distinct tectonometamorphic units. Base-
ment occurs in the following Alpine units
(Fig. 1):

(1) the Helvetic Zone which is correlated with
the European foreland of the Alps and is part of
the Alpine lower plate;

(2) the Penninic Zone which is also a continu-
ation of the European foreland but separated
from it by crustal thinning and the formation of
microplates;

(3) the Austroalpine and Southalpine Zones

represent the upper plate of the Alpine edifice,
both being separated by the Periadriatic Linea-
ment which was active in the Tertiary.

The aim of this paper is to give a comprehen-
sive review of data and interpretations concern-
ing the basement evolution and to discuss corre-
lations and differences between various units.
Polyphase deformation and metamorphism in-
cluding the Alpine events veil the earlier history
and the nature of the protoliths. However, the in-
crease of stratigraphical, petrological, geochemi-
cal, and geochronological data in the near past
demonstrate the complex histories of the rocks
and allow models for both the geotectonic envi-
ronments in which the protoliths were formed
and the pre-Alpine evolution of the units to be
proposed. Immense uncertainties still exist with
the reconstruction of the pre-Alpine spatial rela-
tionships of the basement zones.
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PRE-ALPINE BASEMENTIN THE ALPS

Fig. I Sketch map of pre-Alpine basement units in the Alps and their affiliation to the Alpine tectonostrati-

graphic zones. P.L.: Periadriatic Lineament.

Inset: the pre-Alpine basement areas in the European framework.
Legend: BF - Black Forest; BM — Bohemian Massif; M — Massif des Maures; MC — Massif Central; O - Odenwald;

S — Spessart; V — Vosges.

2. Basement of the Helvetic Zone

The Helvetic Zone contains a number of base-
ment complexes (the so-called External Massifs),
from S to N (Fig. 2): Argentera Massif, Haut
Dauphiné-Grandes Rousses Massif, Belledonne
Massif, Mont Blanc-Aiguilles Rouges Massif,
and Aar-Gotthard Massif. Erosion and first de-
position of overstep sequences occurred in the
Late Carboniferous. The northern parts of this
basement were part of the "Vindelizische
Schwelle" in the Triassic.

The Helvetic basement comprises three dif-
ferent types of rock assemblages: (1) The major
part is occupied by polymetamorphic series
which suffered high-grade metamorphism and in-
clude relics of an eclogitic and a granulitic event.
(2) Monometamorphic series with a contrasting
evolution appear in the Belledonne Massif and
consist of low- to medium-grade metamorphic
rocks. (3) Throughout the basement massifs,

small inliers of low-grade metamorphic sedimen-
tary and volcanic rocks exist, which probably
are of Late Devonian and Early Carboniferous
age.

2.1. POLYMETAMORPHIC AREAS

Age interpretations are based on both lithostrati-
graphic comparison with the extra-Alpine fore-
land (ArNoLD, 1970; PEcHER, 1970; LE FoORT,
1973; LE ForT et al., 1971; BoGbaNorF, 1980,
1986; SCHENKER, 1986; MEnoT, 1987 a,b, 19885;
vON RAUMER, 1984a,b, 1987, 1988; ViTTOZ ¢t al.,
1987; Vivier et al., 1987) and radiometric data.
The oldest basement relics are difficult to define
and may include Cadomian and Early Precam-
brian structures. They are composed mainly of
granitic gneisses and migmatites with lenses of
amphibolites, ultramafic rocks, quartzites, and
calcsilicate rocks. The latter preserved sedimen-
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Fig. 2 Simplified map of basement units in the Central and Western Alps.

Abbreviations: Be — Bern; Ge — Genova; Gr — Grenoble; Mi — Milano; To — Torino.

Helvetic basement: Aig.R. - Aiguilles Rouges Massif; G.R. — Grandes Rousses; Ht.D. — Haut Dauphiné;

Mt.Bl. — Mont Blanc Massif; R.V. - Romanche valley area; S.S. — Série satinée unit.

Penninic basement: Am. — Ambin Massif; DM — Dora Maira Massif; GP — Gran Paradiso Massif;

Lig — Ligurian Alps; MR - Monte Rosa Nappe; Ru — Ruitor zone.

Austroalpine-Southalpine basement: DBA — Dent Blanche Nappe, Arolla series; DBV - Dent Blanche Nappe,
Valpelline series.

tary structures as observed in the Gotthard Mas- elements with upper intercept zircon ages bet-
sif (ARNOLD, 1970). Radiometric data from the ween > 2.1 — > 2.6 b.y. (GRUNENFELDER eét al.,
Gotthard Massif, Aiguilles Rouges, Belledonne 1964; Nungs and STEIGER, 1974; GEBAUER and
and Argentera Massifs (PAQUETTE et al., 1989) GRUNENFELDER, 1983; GEBAUER et al., 1988;
provide evidence of Proterozoic and Archean PAQUETTE et al., 1989). Precambrian sequences
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in the Schwarzwald show a comparable lithostra-
tigraphy and are therefore correlated with the
Helvetic basement (Hirscumann, 1987, von
RAUMER, 1988).

The Precambrian basement is covered by
Late Proterozoic to Early Paleozoic detrital
metasediments. They are interlayered with very
few carbonate horizons and contain acidic and
basic volcanogenic rocks in many places. The
metabasic rocks are prominent in the Aar and
Argentera Massifs. The geochemistry of eclogites
and amphibolites from the Aiguilles Rouges
Massif is interpreted in terms of a continental rift
environment (Li1EGols and DUCHESNE, 1981;
PAQUETTE, 1987; PAQUETTE et al., 1989; vON
RAUMER et al., 1990).

An important orogenic event in the Ordovi-
cian and Silurian causes a major break in the
geotectonic evolution. It comprises subduction
and eclogite formation, collision, and obduction
of ophiolites. Radiometric data for the eclogitiza-
tion are Ordovician in the Gotthard Massif (GE-
BAUER et al., 1988), Early Ordovician to Silurian
in the Argentera Massif, and Ordovician to Early
Devonian in the Belledonne and Aiguilles
Rouges Massifs (PAQUETTE, 1987; PAQUETTE et
al., 1989). The eclogites were formerly interpret-
ed as tectonic lenses incorporated into higher
structural levels. Recent oberservation pleads for
in-situ formation, the eclogitic mineral assem-
blages being preserved only in the metabasic
rocks (Aiguilles Rouges Massif: vON RAUMER,
1988). Relics of granulites are recorded from the
Gotthard and Argentera Massifs (ARNOLD, 1970;
LatoucHE and BocGpanorr, 1987). Precam-
brian or Early Paleozoic rock series suffered am-
phibolite facies metamorphism and anatexis be-
fore they were transformed under granulite fa-
cies conditions 450 Ma ago and intruded by gran-
itoids of Ordovician to Silurian age (GRAUERT
and ARNOLD, 1968; ArRNoLD, 1970). The grani-
toids are widespread and especially abundant in
the Argentera Massif. '

These events were followed by a Devonian to
Carboniferous metamorphic cycle. Its prograde
path is of the Barrovian type with the successive
formation of kyanite and sillimanite and corre-
lates with early Variscan nappe formation in the
Devonian (voN RAUMER, 1983, 1984a,b, 1987,
BOGDANOFF, 1986; JOYE, 1989). Sillimanite bear-
ing parageneses predominate in most areas,
whereas kyanite bearing parageneses are only
preserved as relics. The thermal peak is docu-
mented by the formation of eutectic and cordier-
ite bearing incongruent melts. Andalusite formed
during the consecutive updoming. Large strike
slip faults facilitated the post-metamorphic intru-
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sion of Late Carboniferous granites throughout
the Helvetic Zone (e.g., Mont Blanc granite: 316
Ma; Bussy et al., 1989; Aar granites: 290-265
Ma; SCHALTEGGER, 1986). Thrusting and granite
intrusion accompanied by volcanic activity con-
tinued until the Permian (MercoLLI and OBER-
HANSLI, 1988; OBERHANSLI et al., 1988).

2.2. MONOMETAMORPHIC AREAS

In contrast to the long, polymetamorphic evolu-
tion of the great part of the Helvetic basement,
two areas in the Belledonne Massif are worthy of
attention because of their monometamorphic
evolution of generally lower grade: the "Série
satinée" unit in the northwestern part and the
Romanche valley in the southwestern part.

"Série satinée" unit

The "Série satinée" consists of pelitic schists and
metapsammites with some scarce volcanogenic
layers of basaltic composition (BORDET, 1961;
SiMEON, 1979). The sequence forms kilometer-
sized folds with vertical cleavage and fold axes
(CARME, 1970b). The mineral parageneses report
an evolution from medium- to low-grade meta-
morphism. Post-metamorphic strike slip faults
are of Early to Middle Carboniferous age (KaLs-
BEEK, 1961; CaArME, 1970b, 1971; GASQUET et
al., 1981). The depositional age of the metasedi-
ments is inferred to be Late Precambrian to Ear-
ly Paleozoic when compared with the series in
the Cevennes and the northern Vosges.

Romanche valley area

The Romanche valley area includes three lithos-
tratigraphic units with distinct metamorphic evo-
lutions before nappe formation in the Early Car-
boniferous:

(1) The Allemont-Rochetaillée Formation of
Late Proterozoic to Early Paleozoic age (CARME
and PN, 1987) is composed of gneisses and am-
phibolites comparable in lithology and amphibo-
lite chemistry to the polymetamorphic basement.
A high-pressure event could not be recognized.
Intermediate-pressure metamorphism is locally
followed by the formation of anatectic melts
(CarME, 1974). A greenschist facies overprint is
related to thrusting and strike slip faulting (ME-
NOT, 1987b).

(2) The ophiolite of Chamrousse-Séchilienne,
the most prominent unit of the area, yielded for-
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mation ages of 496 £ 6 Ma (U/Pb, zircon; MENOT
et al., 1984a, 1988) and 497 + 24 Ma (Sm/Nd; PN
and CArME, 1987). The ophiolite body is in an
inverted position and shows a continuous grada-
tion from the plutonic sequence (Chamrousse
Formation) into the volcanic and volcano-sedi-
mentary sequences (Séchilienne Formation)
(CarME, 1973; MENOT, 1987a, 1988). The geo-
chemical pattern suggests that the ophiolite was
formed in a transitional environment between at-
tenuated continental crust and oceanic crust
(BoDINIER et al., 1981; MEnoT, 1987). PiN and
CArME (1987) pointed out a supra-subduction
zone influence. Metamorphic recrystallizations
are related to early intra-oceanic tectonics and to
Late Devonian to Early Carboniferous orogenic
events (MeEnot, 1987a; MENOT et al., 1987). The
ophiolite neither suffered the Early Paleozoic
high-pressure event nor the Devonian interme-
diate-pressure metamorphism and anatexis.

(3) The Devonian Rioupéroux-Livet plutonic
and volcanic complex includes a leptynitic and
amphibolitic series and meta-trondhjemitic plu-
tons associated with mainly meta-acidic volcanic
rocks, meta-volcaniclastic rocks, and meta-grey-
wackes (CARME, 1965; MENoOT et al., 1984b; ME-
NOT, 1986). Two sills of meta-trondhjemites were
dated 352 £ 56 and 365 £ 17 Ma, data respec-
tively corresponding to lower and upper inter-
cepts of discordia lines (U/Pb, zircon; MENOT,
1987a). The tectogenesis is younger than about
360 Ma (after the meta-trondhjemite intrusion)
and older than the 324 + 12 Ma cooling age
(K/Ar; MENoT et al., 1987). It leads to low- to
medium-grade mineral assemblages.

2.3. FOSSILIFEROUS SEDIMENTARY
SEQUENCES

The Taillefer unit is a sedimentary sequence de-
posited in troughs on top of the crystalline base-
ment. Accompanying igneous activity is consid-
ered a late expression of the Devonian orogenic
events. The age of the Taillefer unit is Late De-
vonian (?) and Early Carboniferous. GIBERGY
(1968) discussed the occurrence of fossil relics of
probably Viséan age. Palynological data from the
western part of the Aiguilles Rouges Massif con-
firm a Late Viséan age for a part of the detrital
series (BELLIERE and STREEL, 1980). It seems
reasonable to relate the Early Carboniferous
sedimentation to strike-slip fault systems. Late
Carboniferous molasse-type sediments are limit-
ed to well defined tetctonic structures (probably
pull-apart basins) and represent the detritus of
the eroding mountain chain.
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2.4. CONCLUSIONS

The polymetamorphic parts of the Helvetic base-
ment are correlated with the European foreland
of the Alps (voN RAUMER and MENoOT, 1989).
Comparable rock units appear in the boreholes
of northern Switzerland and in the Variscan
basement of the French Massif Central, the
Vosges, and the Schwarzwald. The origin of most
units is still a matter of debate. The "Série sati-
née" and the Chamrousse ophiolite were inter-
preted as subautochthonous (Mgnot, 1987a) or
as "klippen" (voN RAUMER and MENoT, 1989).
A southward polarity of Variscan structures as
observed in the Helvetic basement in its present
position is considered the result of late Variscan
tectonics. The present day situation supports
overthrusting of lower basement units {e.g., the
Chamrousse ophiolite) over the parautochtho-
nous Late Devonian and Early Carboniferous
formations.

3. Basement of the Penninic Zone

Penninic basement appears in a broad zone in
the Central and Western Alps and extends into
the Tauern Window of the Eastern Alps. It is
generally strongly deformed together with its
Mesozoic cover and shows Alpine metamorphic
overprint in greenschist and amphibolite facies
grade obliterating most pre-Alpine structures.
Most information about the Penninic basement
stems from the Tauern Window.

3.1. PENNINIC BASEMENT OF THE TAUERN
WINDOW

The Tauern Window is composed of two Pennin-
ic mega-units. Only the lower one, referred to as
the Venediger Nappe (FriscH, 1974), contains a
pre-Alpine basement.

The main lithologies of the Penninic base-
ment of the Tauern Window are amphibolites
and plagioclase gneisses intruded by large vol-
umes of Variscan granitoids. The pre-granitoid
sequence is dominated by metavolcanic rocks in-
terlayered with metasedimentary rocks and is re-
ferred to as the Habach Group in the central part
of the window (FrasL, 1958) and the Storz
Group in its eastern part (EXNER, 1971). The
metavolcanic rocks form a typical island arc se-
quence (voN QuADT, 1984; STEYRER and HOCK,
1985; FriscH and Raap, 1987, VAVRA and
FriscH, 1989). The protoliths are basalts, andes-
ites, and more acidic calc-alkalic rocks. The wide-
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spread amphibolites derive from low-K tholeiites
and low- to medium-K calc-alkalic basalts and
andesites. The tholeiites are inferred as having
formed in a geotectonic setting transitional be-
tween ocean floor and a primitive island arc. Me-
socratic to leucocratic plagioclase gneisses are
the most prominent lithology and represent da-
citic (mainly pyroclastic) and reworked volcanic
rocks (FriscH and RaaAB, 1987). Metapelitic
rocks, which are generally graphite bearing, are
prominent in some areas and show graded bed-
ding in a few places (LAMMERER, 1986). Meta-
chert occurs in different places, whereas carbo-
nate rocks are almost lacking.

Ophiolite slices referred to as the Stubach
Group are associated with the island arc se-
quence and interpreted as part of the oceanic
basement on which the island arc evolved
(FriscH and RaaB, 1987, NEUBAUER et al,
1989; Vavra and FriscH, 1989). From the trace
element pattern of the basic rocks, the Stubach
ophiolite is interpreted as former back arc ocean-
ic crust. The lack of a high-pressure metamorphic
event and the predominance of deep crustal
rocks favour an emplacement by obduction.

Gabbroic amphibolite from the Stubach ophi-
olite yielded U/Pb zircon ages and Sm/Nd miner-
al isochron ages in the range of 660-640 Ma in-
terpreted as formation ages (von Quapr, 1989).
The volcanic arc sequence was active since at
least the Cambrian. An end-Precambrian to
Cambrian age is documented by the upper dis-
cordia intercept of U/Pb data from zircons of a
metadacite (VAVRA and HANSEN, in prep.) rep-
resenting an already advanced stage of the island
arc evolution. Late Proterozoic is documented by
acritarchs in metapelites of the Habach Group
(Rerrz and Horr, 1988a; GiLG et al., 1989).
Upper intercepts ages from U/Pb zircon dating in
amphibolites derived from gabbro and cumulate
pyroxenite are 498 £ 12 and 492 + 2 Ma and are
interpreted as intrusion ages (voN QUADT, 1984,
1987, 1989). A Sm/Nd mineral isochron age indi-
cates a metamorphic event shortly after this mag-
matic event (vON Quapt, 1987). Vavra (1989)
argued that also the zircon ages may indicate an
Early Paleczoic metamorphic event with partial
anatexis.

Variscan metamorphism had its climax
around 320 Ma before present. This is shown by
K/Ar dating of amphibole (PestaL, 1983) and by
zircon dating of amphibolitic rocks (voN QUADT,
1987) and in anatectic gneisses (VAVRaA, 1989).
At the same time anatectic granitoids formed,
now transformed into the "Central Gneiss".
They are surrounded by migmatitic halos some-
times of considerable width (CLIFF, 1971; EXNER,
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1971; MortEANI, 1971). Geochemistry and mor-
phological evolution of zircons indicate that the
Storz and Habach Groups were involved in the
anatectic process which furnished the granitoids
(Vavra, 1989). High-pressure metamorphic as-
semblages in the basement are suggested by
Droor {1983) to be pre-Alpine. ZIMMERMANN
et al. {1989) brought radiometric evidence for the
existence of carly Paleozoic eclogites. This age,
however, is debatable since the localities are situ-
ated close to the Alpine eclogite zone.

The mid-Carboniferous granitoids form
batholiths ranging from quartzdiorite to leuco-
granite (LAMMERER et al., 1976). FINGER and
SteYRER (1988) identified both I- and S-type
granitoids. Rb/Sr whole rock and U/Pb zircon
ages of the granitoids cluster around 325-315 Ma
(Cuirr, 1981) and are interpreted as intrusion
ages and the climax of anatexis. High level por-
phyric metagranite intruding the Storz Group
and displaying chemical characteristics transi-
tional between calc-alkalic and alkalic suites
yielded a Permian intrusion age (VavrRa and
HANSEN, in prep.). This magmatism is probably
genetically related to the intrusion of lampro-
phyres which also display an intraplate compo-
nent (ExXNER, 1971; VAVRA 1989). A number of
Permian Rb/Sr ages from Zentralgneisses are
probably slightly disequilibrated Carboniferous
ages (FRANK et al., 1987).

The post-Variscan overstep sequence (Wust-
kogel Formation; FrRAsL, 1958) consists of terres-
trial psephites and psammites intercalated with
acidic volcanic rocks. The sediments contain
much detritus from these volcanic rocks and the
Variscan granitoids. Their age is inferred to be
Permian.

3.2. PENNINIC BASEMENT OF THE CENTRAL
AND WESTERN ALPS

Cross sections through the Penninic Zone of the
Central and Western Alps (e.g., ESCHER et al.,
1988) show the intense deformation of basement
nappes due to Alpine metamorphism. The base-
ment suffered Early Carboniferous medium- to
high-grade metamorphism and anatexis which
was followed by the intrusion of granitoids
(BEARTH, 1961; HunzIKER, 1970; DAL Piaz et
al.,, 1972). The main pre-granitic lithologies are
metasediments (paragneisses and micaschists),
K-feldspar augengneisses, and amphibolites (e.g.
THELIN and AYRTON, 1983; FABRE ct al., 1987).
Bodies of ultramafic rock occur sporadically
(e.g., Ligurian Alps: Vanosst et al., 1984). A
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banded sequence of amphibolites and plagioclase
gneisses with ultramafic lenses occurs in the Beri-
sal complex (western Lepontin area) and is inter-
preted as the product of island-arc volcanic rocks
(tholeiites and dacites; STILLE, 1980).

U/Th/Pb age determinations on zircon plead
for two episodes of events, one about 500400
Ma ago and one about 300 Ma ago (KoppPEL et al.,
1981). StiLE (1980) yielded radiometric evidence
for Late Cambrian formation ages for the band-
ed sequence of the Berisal complex, whereas
StiLLE and TATsuMoTo (1985), based on Sm/Nd
dating, propose a Proterozoic age for basic vol-
canic rocks (1071 £ 59 Ma) and a bad defined Pa-
leozoic age for ultramafic intrusive rocks (475 £
81 Ma). This is in contrast to Rb/Sr data which
indicate an age of ca. 500 Ma for all ultramafic,
mafic, and intermediate rocks. Crustal contami-
nation of the Sm/Nd system may be the explana-
tion for the discrepancy between the Rb/Sr and
Sm/Nd whole rock ages (PIN, pers. commun.).
Partly based on the data of STILLE and TATSU-
MoTo (1985) ZiNngG (1989) discusses a Protero-
zoic protolith age of amphibolites from the Si-
viez-Mischabel series in the Bernhard Nappe and
a Cambrian Sm/Nd age for komatiitic metaba-
salts. U/Pb determinations on zircon from ortho-
gneisses yield Ordovician and Silurian ages rang-
ing between 484 and 406 Ma which are interpret-
ed as minimum intrusion ages. Augengneisses
representing Ordovician granitoids are frequent
in the whole domain (THELIN, 1983).

The post-Variscan overstep sequence is domi-
nated by metasedimentary and metavolcanic
rocks of Late Carboniferous to Permian age. The
terrestrial sequence is well documented in the Li-
gurian Alps and the "Zone Houlliére" (CABELLA
et al., 1988; CoRrRTESOGNO et al., 1988a,b; FABRE
et al., 1987). It is confined to graben and pull-
apart structures. The sedimentary rocks are
mainly clastic but also include coal seams. Most
of the volcanic rocks show calc-alkaline affinities.
Ignimbrites become predominant in the Late
Permian. Some bodies of augengneiss in the
basement (e.g., Randa gneiss) are interpreted as
Permian alkalic granites (THELIN, 1987). Occur-
rences of Permian gabbro and pillow basalt were
also reported (THELIN and AvrTON, 1983;
EscHER, 1988).

3.3. CONCLUSIONS

Besides Early Proterozoic components the
pre-granitic sequences of the Penninic basement
in the Tauern Window represent an ensimatic is-
land arc deposited on oceanic basement that re-
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veals back-arc (supra subduction zone) charac-
teristics (FriscH and Raas, 1987, NEUBAUER
and FriscH, 1989; Vavra and FriscH, 1989). An
ensialic nature of the basement was discussed by
PestaL (1983), STEYRER and Hock (1985), and
KRAIGER (1989). The evolution of the island arc
lasted from the Late Proterozoic (ca. 700 Ma
b.p.) to the Early Paleozoic. The production of
crust not older than Late Precambrian is also in-
dicated by lead isotope data (KorpEL, 1983) al-
though the presence of an older crust component
is indicated by T, data. Much of the more
evolved, acidic island arc velcanic rocks were
transformed by anatexis into the Variscan granit-
oids. A widespread I-type component in the
granitoids is inherited from, the island arc rocks
(Vavra, 1989). The association of greenstones
and granitic rocks closely resembles Archean
granite-greenstone belts. A common mode of or-
igin was proposed by FriscH and RaaB (1987).
ZINGG (1989) described Cambrian komatiitic
metabasalts in the Penninic Zone of the Central
Alps.

Lithologies representing ocean floor, island
arc, and back-arc environments of Late Protero-
zoic to Early Paleozoic age are also present in
the Central and Western Alps. A crustal compo-
nent, however, is more pronounced. Like in the
Helvetic and Austroalpine-Southalpine base-
ment, Ordovician to Silurian granitoids are wide-
spread. This is in marked contrast to the base-
ment of the Tauern Window.

4, Basement of the Austroalpine-Southalpine
Zone

4.1. AUSTROALPINE BASEMENT OF THE
EASTERN ALPS

The Austroalpine basement is composed of a va-
riety of complexes. They show differences in age,
environment of formation, and degree of pre-
Alpine metamorphism and were interpreted in
terms of tectonostratigraphic terranes by FRISCH
and NEeuUBAUER (1989). Fossiliferous sedimen-
tary sequences ranging in age from Late Ordovi-
cian to Namurian A constitute the weakly meta-
morphosed areas (for a review, see SCHONLAUB,
1979). Geochronologic work revealed that the
crystalline areas with a higher degree of pre-Al-
pine metamorphism encompass all Ordovician
and Devonian basement complexes with a Pre-
cambrian history as well as the equivalents of the
fossil-bearing sequences (for reviews, scc BECK-
ER et al., 1987; FriscH et al., 1984; FriscH and
NEUBAUER, 1989). The different basement units
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occur in different levels of the Alpine nappe edi-
fice (Fig. 3, 4). Most of their boundaries corre-
spond to Alpine tectonic lines partly marked by
Permomesozoic rocks.

Based on field relationships and geochrono-
logic and biostratigraphic data we propose a mul-
ti-stage geotectonic evolution:

(1) Radiometric dating of zircon reveals Early
Precambrian crust-forming processes in three
tectonostratigraphic units. The significance of
these events remains unclear.

(2) A Late Precambrian to Early Paleozoic
cycle ends in the Ordovician with orogenic move-
ments, metamorphism, magmatism, and uplift.

(3) A subsequent cycle is characterized by
rifting and subsidence recorded in a Late Ordovi-
cian to Early Carboniferous shelf and slope se-
quence deposited on top of the consolidated
crust. Orogenic compression occurred in the Car-
boniferous.

(4) Some tectonostratigraphic units show
evidence for a contrasting Paleozoic evolution
with metamorphism and magmatism in the
Devonian.

Precambrian to Early Paleozoic evolution

Tectonometamorphic units with a Precambrian
to Early Paleozoic history and involved in the
Early Paleozoic (Ordovician) orogeny form a
pre-Variscan basement. An Early Paleozoic
orogeny was claimed by Sassi et al. (1974) and
discussed controversely since then (HEINISCH
and ScuMmipT, 1976). Findings of Ordovician
basement-cover contacts (NEUBAUER, 1985),
geochronological and geochemical data, and Or-
dovician metamorphism and magmatism confirm
the existence of such an orogenic event. The fol-
lowing units are discerned:

(1) Evidence for the existence of Late Arche-
an crust material was given by U/Pb zircon dat-
ing in the crystalline Frauenberg slice forming
the base of the fossiliferous Late Ordovician to
Early Carboniferous sedimentary sequence of
the Grauwacken Zone (NEUBAUER et al., 1989).
The lower intercept of the discordia (ca. 512 Ma)
indicates Early Paleozoic metamorphism.

(2) The ‘"gneiss-amphibolite association”
(Frisch et al., 1984) comprises large areas in the
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Austroalpine basement. Monotonous biotite-pla-
gioclase gneisses derived from sedimentary se-
ries. Plagioclase gneisses of plutonic and volcanic
origin and sheet-like amphibolites including
banded sequences are widespread. Petrographi-
cal and geochemical data suggest a supra-subduc-
tion zone or a mid-ocean ridge origin for most of
the amphibolites (MAGGETTI et al., 1984, 1987,
1988: FriscH et al., 1987, NEUBAUER, 1988b).
Geochronologic work shows a wide range of pro-
tolith ages. Zircons from a calc-alkalic plutonic
rock east of the Tauern Window contain an Ar-
chean component (3.0 £ 0.1 Ga: NEUBAUER et
al., 1987). Protolith ages of the Late Proterozoic
to Early Paleozoic cycle range from 950 to 440
Ma west of the Tauern Window (SOLLNER and
HanseN, 1987; FLiscH, pers. comm.) and from
Cambrian to Ordovician east of the Tauern Win-
dow (e.g., FrRANK et al., 1976). Paragneisses show
a parallel shift in their record: whereas a promi-
nent Early Proterozoic component (2.4-2.1 Ga)
is present in zircons from rocks west of the Tau-
ern Window (GRAUERT et al., 1973, 1974; SOLL-
NER and HANseN, 1987), the paragneiss zircons
do not contain memories older than 700 Ma east
of the Tauern Window. Model ages show a com-
plex metamorphic history with three events in
the Otztal region (SOLLNER and HANSEN, 1987):
one around 670 Ma, an eclogite-forming event
close to 500 Ma, and a low-pressure/high-temper-
ature event near 460-450 Ma. The latter is ac-
companied and followed by large scale intrusions
of granites (450-430 Ma) later transformed to au-
gengneisses. Geochemical data (THONI, 1986) fa-
vour a syncollisional origin of the granitic melts.
(3) Metamorphosed and dismembered ophio-
lites form a third type of tectono-metamorphic
units in the pre-Variscan basement. Some "ser-

pentinite-amphibolite associations” (FRrIsCH et
al., 1984) within the gneiss-amphibolite associa-
tion are of obscure origin. The Ritting and Speik
complexes, however, form two distinct ophiolite
zones (Figs. 3, 4 NEUBAUER et al., 1989). The
Ritting complex encompasses serpentinites and
metabasalts which suffered high-pressure meta-
morphism followed by pre-Late Ordovician re-
gional metamorphism. The Speik complex con-
tains nearly all members of the ophiolite se-
quence including cumulate rocks. Geochemical
and metallogenic data of both complexes confirm
their ophiolitic origin (NEUBAUER et al., 1989).
Field relationships suggest a pre-Late Ordovician
protolith age for both complexes.

Late Ordovician to Carboniferous evolution

The following sedimentary sequences with differ-
ent grades of pre-Alpine metamorphism have a
proved or inferred Ordovician to Carboniferous
age and are supposed to represent equivalent
stratigraphic piles:

(1) The weakly metamorphosed fossiliferous
sequences of the highest Alpine nappes within
the Alpine edifice (e.g., Noric Nappe of Grau-
wacken Zone, Stolzalpe Nappe of Gurktal Paleo-
zoic, Rannach-Hochlantsch-Laufnitzdorf nappe
system of Paleozoic of Graz; Fig.4) are biostratig-
raphically dated as latest Middle Ordovician
(Berounian; HaLvICEK et al., 1987) to earlymost
Late Carboniferous (Namurian A). Recently,
early Ordovician acritarchs have been found in
the western Grauwacken zone (Rertz and HOLL,
1989).

(2) The weakly metamorphosed quartzphyl-
lite areas (Murau Nappe of Gurktal Paleozoic,
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Schockel Nappe of Paleozoic of Graz, Innsbruck
and corresponding quartzphyllite areas) fur-
nished conodonts in few localities indicating a
stratigraphic range between Late Ordovician and
Late Devonian.

{3) The widespread micaschist-marble com-
plexes in lower tectonic levels of the Austroal-
pinc stack suffered amphibolite facies grade
metamorphism in the Variscan era. They show a
very comparable lithostratigraphic succession to
the less intensely metamorphosed Late Ordovi-
cian to Carboniferous sequences.

The fossiliferous sequence of the highest Al-
pine tectonic level serves as a reference for the
quartzphyllite and micaschist-marble areas. Clas-
tic sedimentary rocks dominate in the Ordovi-
cian and Early Silurian. A basal conglomerate
and some pebble-bearing horizons near the base
are preserved in the Noric Nappe (SCHONLAUB,
1979). Volcanic rocks intercalated in the clastic
rocks show an evolution from basic subalkalic in
the Caradocian and acidic calc-alkalic (HEr-
NIsCH, 1981) around the Caradocian/Ashgillian
boundary to basic alkalic in the Silurian (GIESE,
1988; Fritz and NEUBAUER, 1988; LOESCHKE,
1989). The sedimentary facies differentiates in
the Late Silurian to Middle Devonian due to rift-
ing. A shallow water carbonate platform with
reef buildups contrasts with pelagic limestones
and a clastic, shale-dominated facies in basins
(FLuGeL, 1977, HEeiniscH et al.,, 1988; NEu-
BAUER and PISTOTNIK, 1984; NievoLL, 1987).
The basin sequence comprises intraplate basalts
transitional between tholeiitic and alkalic. Lead
isotope patterns of stratiform Pb/Zn ores of
probably Early Devonian age and clastic compo-
nents argue in favour of a continental prove-
nance. Model calculations of ore lead isotopes
suggest a 2-3 Ga old source (KoppEL, 1983). The
Early Precambrian basement relics in the Aus-
troalpine Zone may have been part of this old
continent. The carbonate platform subsided into
pelagic environments in the Late Devonian. Both
flysch-like sediments and shallow-water clastic
sediments were deposited in the Early Carbonif-
erous. Orogenic movements occurred throughout
the Carboniferous and migrated: from internal
parts (NW) to external parts (SE) of the orogen.
Local terrestrial conglomerates of Westphalian
B/C to Stephanian age overstep tilted, thrusted,
and internally deformed rocks (for a review, see
NEUBAUER, 1988a). The clastic sequence com-
prising fanglomerates, arkoses, sandstones, and
shales continues into the Permian and'is interca-
lated with intermediate to acidic volcanic rocks.

The quartzpyhllite areas of the Austroalpine-
Southalpine Zone very ‘much resemble those
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parts of this sequence dominated by clastic sedi-
mentation.

The micaschist-marble complexes, together
with their substratum, the gneiss-amphibolite as-
sociation and the Speik complex, suffered Car-
boniferous medium- to high-grade metamor-
phism accompanied by few granitoid intrusions
and large-scale thrusting (NEUBAUER, 1988b).
Partial anatexis was widespread and also affected
intermediate to mafic rocks. It is dated in the re-
gion east of the Tauern Window with concordant
U/Pb zircon ages from trondhjemite gneisses
(353 £ 1 Ma; NEUBAUER, FriscH and HANSEN,
in prep.), a lower intercept U/Pb zircon age (355
Ma; NEUBAUER et al., 1987), and Rb/Sr mineral
ages (e.g. FRANK et al., 1983). Tuoni (1986) re-
ported Rb/Sr mineral ages and Rb/Sr thin slab
isochron ages between 310 and 280 Ma due to
cooling and deformation along mylonitic shear
zones in the Otztal region. Late Variscan mineral
ages are also known from other areas (SassI et
al., 1987; FRANK et al., 1987). Metamorphism af-
fected the more internal parts whereas the exter-
nal parts remained almost unmetamorphosed.

Contrasting histories are known from certain
basement complexes east of the Tauern Window,
summarized as the Pannonian terrane by FRISCH
and NEUBAUER. A U/Pb zircon study from the
crystalline Prieselbauer slice encompassed in a
high Alpidic tectonic level yielded evidence for
Devonian anatectic metamorphism and magma-
tism (NEUBAUER et al., 1987). This slice is asso-
ciated with clastic to carbonatic marine shallow-
water sedimentary rocks of the Veitsch Nappe
(Grauwacken Zone) which are interpreted as the
sedimentary response to a pre-Carboniferous or-
ogenic event (RATSCHBACHER, 1987). Devonian
metamorphism is also known from the Bund-
schuh area (FrRIMMEL, 1986, 1988) and the
Wechsel complex, and was suggested for the
Raabalpen complex (FriscH and NEUBAUER,
1989).

- Lithostratigraphic units, whose ages are still
being discussed, are the eclogite bearing gneiss
group of the Korides and, on top of it, the Plan-
kogel Zone which is associated with a micaschist
complex.

The eclogites of the Korides gneiss group de-
rive from mid-ocean ridge basalts and ferro-gab-
bros  according to their geochemical pattern
(MILLER et al., 1988). The enclosing gneisses are
interpreted as former flysch deposited in a trench
system and mixed with oceanic basement .during
offscraping in an accretionary wedge setting
(FriscH et al, 1984; NEUBAUER and FRiscH,
1989). The preliminary Sm-Nd whole rock error-
chrone from the Saualpe eclogites (MANBY and
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THiEDIG, 1988) has now become meaningless
due to erroneous use of garnet data. RITTMANN
(1984) reports a wide scatter of “*Ar/*?Ar amphi-
bole ages possibly related to retrograde disequili-
bration. A geologically meaningful age of amphi-
bole formation may be around 400 Ma (RiTT-
MANN, 1984). A comparable Rb/Sr garnet whole
rock age was found by Kunze and DEuTscH
(1989). MILLER and FRANK (1983) report K/Ar
amphibole model ages from the eclogites ranging
between the Variscan and eo-Alpine orogenic
periods.

The Plankogel Zone represents a metamor-
phosed ocean-floor and seamount complex con-
taining dismembered ophiolite slices and alkalic
basalts in a tectonic melange setting (SCHME-
ROLD, 1988; NEUBAUER et al., 1989; FriscH et
al., 1989). Blocks and slices of harzburgitic ser-
pentinites, amphibolites (derived from mid-
ocean ridge and alkalic basalts), marbles, and
quartzites float in a micaschist matrix. Part of the
micaschist matrix shows the chemical fingerprint
of lateritic weathering products of the alkalic sea-
mount basalts. Manganese quartzites associated
with the seamount assemblage are interpreted as
exhalative manganese concentrations. An early
high-pressure metamorphism was followed by
pre-Alpine medium-grade metamorphism. A
garnet-whole rock Sm/Nd pair suggests eclogit-
ization at 693 Ma (ManByY et al., 1988, 1989).
Rb/Sr geochronologic data give younger ages
(Frank et al., 1983; MorauF, 1981). Pegmatite
muscovites and thin slab errorchrons yield Per-
mian ages which are interpreted as the time of
uplift of the Korides and the Plankogel Zone
(NEUBAUER, 1988a; FriscH and NEUBAUER,
1989).

Another complex with a badly constrained
history is the Tonale-Ulten Valley Zone in the
southwestern part and an analogous zone (Hin-
TERLECHNER-RAVNIK, 1988) in the southeastern
part of the Austroalpine basement (Fig. 3). This
zone is correlated with the Ivrea Zone of the
Southalpine basement. Sillimanite bearing mig-
matitic gneisses and granulites contain inclusions
of ultramafic magmatic rocks (e.g., garnet peri-
dotite). Protolith ages are unknown but a Varis-
can age of metamorphism is constrained by U/Pb
zircon data (336 Ma, garnet-rich pyroxenite, resp.
332 Ma, garnet-pyroxenite; GEBAUER and GRU-
NENFELDER, 1978).

4.2, AUSTROALPINE BASEMENT OF THE
SESIA-LANZO ZONE

The Sesia-Lanzo Zone appears as a crystalline
basement nappe south of the Penninic Zone of
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the Central Alps and as klippen (Arolla-Mt.
Emilius Nappe in the Dent Blanche nappe sys-
tem) on top of the Penninic nappes. It encom-
passes large bodies of granitoid gneiss (gneiss
d'Arolla, "gneiss minuti"), basic magmatic rocks,
and a great number of basic dikes (DAL PIAZ et
al., 1972). The Arolla-Mt. Emilius Nappe com-
prises a detrital sequence of probably Late Car-
boniferous to Permian age representing the post-
Variscan overstep sequence (AYRTON et al.,
1982). This sedimentation is contemporaneous
with the intrusion of granites (OBERHANSLI et
al., 1985; PAQUETTE, 1987).

4.3. BASEMENT OF THE SOUTHALPINE ZONE

The Southalpine Zone is separated from the
Austroalpine Zone by a prominent Alpine fault,
the - Periadriatic Lineament. The Austroalpine
and Southalpine basements formed a coherent
unit prior to the activation of the lineament. The
correlation across the Periadriatic Lineament is
facilitated by a distinct zonation of the Southal-
pine basement in such a way that the units with
the highest Variscan metamorphism appear in
the west, the unmetamorphosed units in the east
(FLUGEL, 1975; Va1 and Cocozza, 1986). The
general strike direction of the lithologic zoning is
NE-SW.

The tectonostratigraphic units of the South-
alpine basement (see Fig. 3) are:

— the Ivrea Zone

— the Strona-Ceneri Zone )

— the Morbegno gneiss-

Val Colla Zone and . .
> "Cristallino

dei Laghi"

related units
- the Edolo schists/
phyllites and Brixen
quartzphyllites )
- the fossiliferous Paleozoic sequence of the
Carnic Alps and Karawanken

The Ivrea Zone

The Ivrea Zone forms the westernmost part of
the Southalpine basement and also appears in
klippen on top of the Sesia-Lanzo Zone {"secon-
da zona diorito-kinzigitica") and in the upper
part of the Dent Blanche nappe system (Valpel-
line series). The main rocks are sillimanite bear-
ing paragneisses (granulites, "kinzigites") intrud-
ed by large bodies of mafic and intermediate lay-
ered plutonic rocks and minor ultramafic rocks.
As the whole zone is subject of recent papers
(Hunziker and ZINGG, 1980; PN and SiLLs,
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1986; VOSHAGE et al., 1988; ZINGG, 1983 and
ZINGG et al., 1989, with many references) we
prefer to give only the headlines of evolution
than to repeat the corresponding authors. Pre-
cambrian and Ordovician stages of evolution are
preserved as relics, and the corresponding poly-
phase metamorphic evolution ended during the
Variscan. Late Carboniferous and Permian data
arc widespread, being the expression of the
Late Variscan high temperature transformations
and the intrusion of magmatic rocks, before the
whole region underwent late crustal thinning,.

The Strona-Ceneri Zone

The Strona-Ceneri Zone comprises orthogneiss-
es, paragneisses, and micaschists with concordant
granite to tonalite (SCHMID, 1967; ZINGG, 1980).
Paragneiss and micaschist are separated by
lenses of MORB-type garnet amphibolites and
ultramafic rocks, especially garnet peridotites
{BULETTI, 1983). According to BoragH1 (1989), a
lower unit (Scisti dei Laghi) comprises polymeta-
morphic metapelitic series of probably Precam-
brian age with metabasic intercalations, whereas
an upper unit (Strona Ceneri Zone sensu stricto)
is composed of monometamorphic detrital series
("gneiss minuti") and coarse grained gneiss (Ce-
neri gneiss). He describes an early eclogitic event
in the Ordovician {HUNZIKER and ZINGG, 1980)
for the lower unit. Metamorphism of the upper
unit is related to the emplacement of granitoids
supposedly Ordovician in age. ZINGG (1983) dis-
cusses radiometric age determinations of meta-
morphism and proposes a continuous high tem-
perature evolution from the Ordovician to the
Variscan events. Late Variscan granitoids and
volcanic rocks yielding Permian ages around
280-270 Ma (KorpEL and GRUNENFELDER, 1978;
HuNziker and ZiINGG, 1980; StiLLE and BULET-
T1, 1987) are of regional importance.

The Morbegno gneiss-Val Colla Zone and
related units

Southeast of a regional Alpine fault zone, the
Morbegno gneiss-Val Colla Zone and related li-
thotectonic units border the Strona-Ceneri Zone.
The separation from the Strona-Ceneri Zone is
questionable in some areas. Little is known
about protolith ages and conditions of metamor-
phism. K/Ar white mica and biotite data (white
micas: 331-218 Ma, biotites: 330-170 Ma) suggest
a two stage cooling history in the Late Carbon-
iferous, Permian, and Triassic (BoccHio et al.,
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1981; MoTTANA et al,, 1985). Early deformation
occurred under amphibolite facies conditions fol-
lowed by a pre-Permian retrograde overprint
under greenschist facies conditions (MiLANO et
al., 1988).

The Edolo schists/phyllites and Brixen quartzphyllite

The Edolo schists and phyllites are exposed west
of the Judicare line, an Alpine fault, whereas the
Brixen quartzphyllite appears to the east of it.
The Edolo schists are monotonous quartz-rich
phyllites including quartzites, greenschists, and
marble lenses. Microfloras indicate Silurian and
probably Ordovician sediments from a marine
environment (GANsSER and PanTic, 1988). The
Brixen quartzphyllite and equivalent sequences
in some inliers under the Mesozoic cover are in-
ferred to be of Early Ordovician to Devonian
age. Microfloras from some few localities indi-
cate the presence of Early Ordovician strata
(Sassr et al., 1984).

Like in the Austroalpine equivalents (the
quartzphyllite areas) no evidence exists for pre-
Variscan metamorphism and deformation in the
Edolo and Brixen schists and phyllites. Rb/Sr
and “Ar/*Ar data indicate a two stage metamor-
phism of Early and Late Carboniferous age (DEL
Moro et al, 1980; HAMMERSCHMIDT and
STOCKHERT, 1987).

Carnic Alps and Karawanken

The unmetamorphosed to very low-grade meta-
morphic, fossiliferous Paleozoic area of the Car-
nic Alps and its continuation in the southern Ka-
rawanken contain continuous Late Qrdovician to
Early Carboniferous sedimentary sections (for a
review, see SCHONLAUB, 1979). The sequence is
comparable with the fossiliferous Paleozoic areas
in the Austroalpine highest tectonic levels. It is
sheared off from an unknown basement during
the Carboniferous orogeny. The differences in
facies are due to subsidence of a passive conti-
nental margin. An Early to Middle Devonian
carbonate platform with reefs may represent an
outer, Pacific-type shelf (Var and SPALLETTA,
1982). Some Early Devonian bivalves as well as
trilobites show affinities to the Uralo-Tiensha-
nian faunal province (RAau and TONGIORGI,
1981). The Viséan Hochwipfel flysch (Var and
SPALLETTA, 1982; CASTELLARIN and Val, 1981)
is interpreted as the response to loading of the
passive continental margin by advancing thrust
sheets including another plate.
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The overstep sequence above a regional un-
conformity starts with clastic and continues with
cyclic, clastic-carbonatic molasse-type sediments
of Late Carboniferous age. Faunas show rela-
ttonships to areas in the east as far as southeast-
ern Asia (KAHLER and KAHLER, 1982). Numer-
ous Late Carboniferous to Permian calc-alkalic
granitoids intruded the area between the Strona-
Ceneri Zone and the Brixen quartzphyllite (e.g.,
D'Amico et al, 1979; GioeBl OriGoNI, 1987).
The plutonism is accompanied by andesitic to
rhyolitic, mainly ignimbritic volcanism. The sedi-
mentary record reflects basins and swells which
largely follow the Variscan structures (CASTEL-
LARIN and Var, 1981).

4.4. CONCLUSIONS

The Austroalpine basement consists of a variety
of lithostratigraphic units. A distant place of ori-
gin for some of these units is apparent due to
fundamental differences in their history or
oceanic realms which separated them. Therefore,
they were interpreted in terms of allochthonous
tectonostratigraphic terranes by FriscH and
NEUBAUER (1989). The Pannonian terrane
shows a consistent history with the internal zone
of the European Variscides (Ligerian Cordillera,
Moldanubian Zone, Helvetic Zone). The Ko-
rides and the Plankogel Zone represent an
oceanic realm (Korides: trench-accretionary
wedge system; Plankogel Zone: sea floor with
seamount) which separated the Pannonian ter-
rane in the NW from the Noric terrane in the SE.
The Noric terrane is composite, comprises pre-
Variscan ophiolite zones and a pre-Variscan
basement consolidated during the Ordovician
orogeny. This basement carries the Late Ordovi-
cian to Carboniferous sedimentary sequence of a
passive continental margin. Both the Pannonian
and the Noric terrane contain Archean to Early
Proterozoic isotopic signatures. The Sesia-Lanzo
Zone in the Central Alps is not directly compa-
rable with the Austroalpine basement units of
the Eastern Alps.

Apparently the Southalpine basement ex-
poses a nearly complete section through the Va-
riscan crust from basal granulitic to unmetamor-
phosed supra-crustal rocks (FLUGEL, 1975; Vai
and Cocozza, 1986). However, there is an im-
portant hiatus in this section. The western units
(Ivrea and Strona-Ceneri Zones) suffered Ordo-
vician high- to medium-grade metamorphism and
subsequently remained in deep crustal levels.
The eastern units (Edolo schists to Carnic Alps
and Karawanken) are the product of Late Ordo-
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vician to Devontian/Early Carboniferous sedi-
mentation in a passive continental margin envi-
ronment. It is still unclear whether major Varis-
can detachment between both occurred or not.
Variscan metamorphism and deformation are
younger in the eastern than in the western units
(FLUGEL, 1975). The overstep sequences show
that part of the deep levels were already exposed
in the Permian. Tilting of the crustal segment
commenced as an immediate response to the
Variscan orogeny but continued into the Meso-
zZoic.

5. Comparative discussion and summary

Comparing the geologic evolution of the Helvet-
ic, Penninic, and Austroalpine-Southalpine base-
ment zones, certain resemblances but also strik-
ing differences become evident and help to re-
construct the pre-Alpine puzzle of lithostrati-
graphic units which is a delicate exercise.

5.1. EARLY PRECAMBRIAN ELEMENTS

It is extremely difficult to develop models for the
Precambrian evolution of Alpine basement units
and their spatial relationships. Proof for Early
Precambrian (Archean and Early Proterozoic)
elements comes primarily from the Austroalpine
Zone. Lead isotope patterns indicate the exis-
tence of such old rock series acting as source ma-
terial for lead in the Austroalpine and Southal-
pine basement (KoOppPEL, 1983) as well as for the
External Massifs (PAQUETTE et al., 1989). Radio-
metric age determinations provide evidence for
the existence of Early Precambrian elements in
the Noric and Pannonian terranes. Although be-
longing to different zones in the Variscan oro-
gen, they are inferred to have had a paleogeo-
graphic position as a part of, or close to, what
evolved to form the Gondwana continent.

Early Precambrian crust is unknown from the
Penninic basement. Comparative studies with the
northern foreland of the Alps lead to the conclu-
sion that Early Proterozoic elements exist in the
Helvetic basement. This is confirmed by radio-
metric data from the Gotthard Massif (GEBAUER
et al., 1988). The polymetamorphic areas of the
Helvetic basement correlate well with the French
Massif Central, the Vosges, the Schwarzwald,
and the Bohemian Massif (HIRSCHMANN, 1987,
1988). Lead isotope patterns suggest that the
Early Precambrian influence is less important in
the Helvetic than in the Austroalpine basement
(KorppEL, 1983).
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53.2. LATE PROTEROZOIC TO ORDGVICIAN
EVOLUTION

A striking similarity of the Alpine basement do-
mains is the crustal mobility in the Late Protero-
zoic to Ordovician period as expressed by the
formation of ocean floor {partly in back-arc set-
tings), subduction and high-pressure metamor-
phism, and the formation of magmatic arcs above
subduction zones. Ophiolites of proved or in-
ferred Late Proterozoic to earlymost Paleozoic
age are known from all Alpine basement do-
mains. Subduction-related magmatism is wide-
spread in the Penninic and Austroalpine base-
ment domains. In the Austroalpine basement
this magmatism evolved on top of continental
crust and is dominated by acidic melts. In con-
trast to the Austroalpine-Southalpine basement,
the Penninic basement contains only Phanerozo-
ic crustal lead in addition to a clear component of
oceanic mantle lead (KOpPEL, 1983).

We assume an extension of the Cadomian
orogen, discussed by ZwaArRT and DORNSIEPEN
(1978) and CogNE and WRIGHT (1980) for
Northern Europe, into the Alpine region. Late
Proterozoic radiometric ages are rare {e.g., 650
Ma, von QuADT, 1989). A group of ages clusters
around 500 Ma (Cambrian/Ordovician bound-
ary) and indicates magmatic and metamorphic
processes. A great number of radiometric ages
around 450 Ma indicate high-grade metamor-
phism with the formation of granulites or anatec-
tic melts, and granitoid magmatism.

Ordovician paleomagnetic data yield high lat-
itudes for central and southern Europe and thus
show a position close to Gondwana (NEUGEBAU-
ER, 1988, 1989). Parts of the Alpine basement
may have been in connection with Africa. There
is no indication that basement zones of the Alps
can be correlated with Fennoscandia in northern
Europe.

5.3. LATE ORDOVICIAN TO CARBONIFEROUS
EVOLUTION

The Variscan era starts after the Ordovician
orogenic episode including consolidation, uplift,
and erosion of the crust. Distension is indicated
by rift-related magmatism and subsidence, partly
in a passive continental margin setting. Some
domains remained buried at depth like parts of
the Helvetic and Southalpine basements.

The Alpine basement includes parts of the
internal zone and of the southern branch of
the Variscides. The internal zone represented by
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the Moldanubian and Ligerian Zones in the
extra-Alpine Variscides included the Helvetic
basement of the Alps which have a consistent
history. The Helvetic basement is characterized
by Devonian thrusting and crustal thickening and
subsequent uplift resulting in a pressure-temper-
ature path leading to lower P/T ratios with time.
This is demonstrated by the successive
appearance of kyanite, sillimanite, and andalu-
site. Large volumes of anatectic melts formed
at the thermal peak {(Late Devonian to Carbonif-
€rous).

The Pannonian terrane in the Austroalpine
basement reveals a comparable history as the
Helvetic basement. It is characterized by Devo-
nian deformation, high-temperature metamor-
phism, and abundant granitoid intrusions. It is
therefore considered as a part of the internal
zone of the Variscides (Frisci and NEUBAUER,
1989).

The Devonian thrusting and metamorphism,
the temperature emphasized type of metamor-
phism with widespread sillimanite and andalu-
site, and the numerous granites are in marked
contrast to the main part of the Austroalpine-
Southalpine basement. Together with the Lige-
rian Zone, the Helvetic basement and the Panno-
nian terrane are considered to have formed an
active continental margin (FriscH and NEuU-
BAUER, 1989) referred to as the Ligerian Cordil-
lera (MATTE, 1986).

According to FriscH and NEUBAUER (1989),
the Noric terrane of the Austroalpine basement
together with the Southalpine basement was
temporarily attached to Africa in the Early Pa-
leozoic. It was part of the southern (southeast-
ern) branch of the Variscan orogen and continu-
ous with the Montagne Noir and the Cantabrian
Zone in southwestern Europe. It experienced
distension and subsidence until orogenic move-
ments started in the Early Carboniferous.
Thrusting prograded from internal to external
parts. Although anatectic temperatures were
reached in the Early Carboniferous, granite
intrusions are much less abundant than in the
Helvetic basement and the Pannonian terrane.
This is due to the lower-plate position during
Variscan collision.

The evolution of the Penninic basement dur-
ing the Late Ordovician to Carboniferous period
remains rather obscure. VAvra (1989) proposed
that the island arc in the Tauern Window at-
tained maturity with the production of large vol-
umes of rhyodacitic melts which were trans-
formed into antectic granitoids in the Carbonif-
erous. A comparable evolution may be true for
the Central and Western Alps.
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5.4. LATE VARISCAN EVOLUTION

The Late Variscan period (Late Carboniferous
to Permian) is dominated by a major strike-slip
fault system which was active since the Late De-
vonian in some parts (ARTHAUD and MATTE,
1977, NEUGEBAUER, 1988, 1989). The strike-slip
faults facilitated the formation and ascent of
granitoid melts. They evolve from calc-alkalic
rocks in the Late Carboniferous to intraplate
granites with an increasing alkalic component in
the Permian (MercoLLl and OBERHANSLI,
1988).

Sedimentation during this period was gener-
ally terrestrial and occurred in graben and pull-
apart structures in a similar way as described
by ZIEGLER (1980) for northwestern Europe.
Narrow but laterally extended zones filled with
Late Carboniferous molasse-type sediments sep-
arated distinct basement zones. They imply that
the sedimentary troughs formed along zones of
crustal weakness. The Zone Houillere separates
the Penninic and the Helvetic basement do-
mains. The Notsch-Veitsch-Ochtina Zone sepa-
rates the weakly metamorphosed parts of the
Austroalpine basement from the highly meta-
morphosed ones. Both sedimentary troughs
follow the same trend and indicate a Late
Carboniferous extensional or transtensional
regime.

The position of the Penninic basement rela-
tive to the Helvetic and Austroalpine basement
zones during the Variscan orogeny is not well
constrained. Major late Variscan strike slip fault-
ing may have severely changed the paleogeo-
graphic positions. Restoration of the Alpine his-
tory implies that in post-Variscan times the Pen-
ninic basement was directly attached to the
Helvetic basement and that the Austroalpine-
Southalpine Zone was positioned to the east of
them (e.g., RATSCHBACHER et al., 1989). Intense
syn- to late-orogenic magmatic activity in the
Penninic basement underlines the spatial neigh-
bourhood of the Helvetic and Penninic base-
ment domains in the Carboniferous and Perm-
ian.
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