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AIIS1·.IlACT. - This review of I"1Idiometrie dating
is limitt-d to the halian s«lOr of the W~tern Alps
and also disl'Cgards the Soulhalpine Ivrea-Verbano
Zone, diSQIssed in anolher ardcle in this ~'Olume.

Morem-er '\Ire will mainly diSQIss the most significant
dl;(a published bellll'een 1970 .nd 1984 because,
for p~i!l8 yelIrs, sUbsWllaJ revkws of radio
melric dala and SOIIle articles III,ilh cxhauSlive
bibliogtllphies exist.

Recrnt Rb-$r and K-Ar whole-rock and mineral
age determinations on Penninie units in western
Liguria give an early Hercynian or older intrusion
alle for the Caliuano-Savona metagranitcs, with a
Iletcynian thermal peak at 333 Ma and mica cooling
ages between 327 and 311 Ma. In the Aumoalpine
continental crust megasoopic relics of high-grade
paraschists are widesptelld and very similar to those
occurring in the Southalpine Ivrea-Verbano Zone.
Accordingl)', their mclamorphism probably goes
bKk to lne Ordovici.n cycle. AVlIibble •
determinations are limitM to some Rb-Sr cooling
ages on biolilcs (180-240 M.) agreeing with those
rt'COrded in the Ivrea-Verbano Zone.

Rb-Sr whole·rock isochrons attribute the intrusion
of lhe Pennink Monte Rosa, Barbassiria and Orse
lina-Moncucco metagranites and the Helvetie Argen
tera and Mt. Blanc gl"1lnites to the Upper Carbo
niferous and Permian.

An age of about 248 Ma (Permian/Triassic
boundary) has been defined by Rb-Sr and K·Ar
measurements on the magmatic phlogopite of lhe
Ma{[erhorn and Mt. CoIlon gabbros which are
tCClonkaIly insened in the AustlOllpine mntinenl:ll
crust. 1bese na6c bodies have been imerpretM
as ensialic or subcrustll intrusions which took place
during lhe pre-rift extt:nsional process of learing
and thinning of the mntinental crust leading 10 the
Upper Jurusie opening of the Tethyan ocean.
Similar significance may be given to the Triusic
Lower TUl"1lssic fission-track ages on :circons from
acid differentiatcs associated with blucschist gabbros
of the PiL'{lmont ophiolitic nappe in the Cottian
Alps.

The early Alpine HP/LT tectonometamorphic
event has been dated on fragments of the oceanic
lithospnere and 011 bolh Austroalpine and Penninic
continental crus!. It developed in the Nonhlll'estem
Alps eclogite mineral associations Ii,jth ages from
128 M. (RbSr whole-rock isochron) to 80 M2
(dimu) and to 60 Ma (cooling duri!l8 dccompres
sional evoJution). Early Alpine ages have .lso been
obtained for the 10w·SNlde metamorphism of lhe
sedimentary mver of the Cana\'CSe Unit.

K/Ar ages ranging from approximately 70 to
40 h-la have been obtained on phengites from
metascdiments of the blueschist Piedmont ophiolitic
Units of the Cottian Alps. These ages may record
a HP/LT event younger than the Early Alpine
metamorphism of the Northwestern Alps <)r, :llter·
natively, cooling ages of the laner event.

The Lepontine (mid-Tertiary) tCClonometamorphic
C'\-'etlt is pervasively recorded in the whole Penninic
aI'C:iI, O\-er large secton of the Piedmont ophiolitlc
nappe, and on the external sector of the Lower
Austroalpine Unir. The climax of the Lepootine
metamorphism occurred JS.4O Ma ago. The: sel of
Rb-$r and K-Ar dala on micas shows that the
~'OUnger the cooling ages, the higher the tempenllure
of the Lepontine thermal peak. Ages are thus
progressively younger going downwards through the
nappe pile, from the capping Austroalpine nappes
towards the lowest basement units of the OS50la
Tessin window, where Neogene ages are common.
The Lepontine regional metamorphism is followed
by the ulrNlpotassic 10 calClllkalic magmatic IlCtiv!ty
de\-eloped along the Periadriatic lineament and in
the surrounding unils 29·31 Ma ago.

K~ words: l"lId.iometrK l'e\'iCIII'. Weslttn Alps,
Italy.

RIASSUNTO. _ II settore italiano delle Alpi cocci
dentali dispone di una copertura di datuioni radio
metriche molto eterogene.. La massima oonccntl"1l·
zione di dati moderni (isocrone Rb-Sr rocda to!.,
eta Rb-St e K-Ar su minerali) si registrA nel (ralto
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di Alpi Pennine rumpreoo IN la Valle d'Aost.
c: la V,I J'O~$ola. In qU<-"1iI' regione i fooo.mcnllIli
comribuli cli J.C. HUNZIKU (1970-74J IUInno ron·
srn,ilO cli ,"tibuire ad un a'ento orosenico cli ell.
coalpm. (CreIKCO sup.) le: lIssociukmi edogitkhe
pr~nd nelb crosta conlmallalc: Austroalpil1.l (Scsi.
-unzol c ocllc metaofioliti piemomesi. 1.0 SIes50

aUl01e ha inoltrc ckfutilO I'ela dd picro u:rmko
del cido I\~Honico-metamorlioo Lcpontino (>8 Ma)
c: preci$llul la cronologi. deU. sua evoluzklOC let
mica ne:! ~Ilorc: in f-oes sOsti verdi a SW dd
doomo Ouola-Ticino. Tali risultati sono stati r«en
IcmcnlC conferm.ti in V.I d'Ossola da DEL Moao
Cl al.

Eli eoatpine e lepomin&:' si registraoo .oche oell.
cmu. COnlinenlal(' paleot'Ucopea ddle Unita Penni·
didle supcriori dd Mome Rosa (HUNZIKU) c: del
Gl1In Paradi50 (GIOPIN & MALUSI").

La soyraimproma tcttonico-met.morfica alpina, a
cafllllerc fonemcntc penctrativo, erea nolcvoli cliffi
l"Ohil alia possibilitil. di darare gli evemi prealpini in
buona parte dc:le Alpi Ocddcntali italiane. Le
mir;hc lllcllIlllurfiche prcalpinc prcsenti nd para·
"dsd Ji allo grado dcJla $crie cli Valpcllinc e della
11 Zona Jiorito·kinzigitica (Austroalpino) dcnotano
cra di raffreddamento ooerenti ron il quadro crono
logiro JcfinilO ndla Zona Ivrea.verbano, unit .. di
cui non si lrana in qucsla rassegna. Per gli anD
gneiu Pennidid di Cali.zuno-Sa\"ona sono Slatt:
definire generichc Cia coerciniche 0 piu amiche per
1'('\'('1110 imrusi\"o ed una ea ercinia del ItICta
morfismo regionale, con picro rermiro a 333 Ma e
I"llffreddamenro <klle michc tra J27 e JII ~!ll (DEL
"101.0 er .1.1. lsocrone Rb.Sr roccia 100ale hanno
fornilo eta carbonifen:- superiori 0 pt:'rmi.ne per
l'inrtusiooe' <ki proroliti granitid da rui derivano
gli OrlOflneiss del Monte Rosa tHUNZIKEI), di ~Ion
nJCco-Onclina (BrGIOGGuo Cl al.) e del Sa\'Of\CSC
(On l\IUIO Cl al.). \"alori roncordsmi con le prtte
denti datazioni cscguirc da Fuuu & l\IAUIODA
t: d:I B...GGIO el al. sui granili Eh'Clici dell'Argentera
e del Monte Bianco.

Rimangooo IUtlora pr:l.ticamcnte sroperte do sisle
Il'I;l.lichc cbrazioni radiometrichc: le Unita Pennidiche
e Picmonu:si che si esrendono in rerrirorio ilaliano
rl"'~ Arl!entera e Gran Paradise. Tra i piu prcssami
problemi cronologid pendemi si scgnalano; a) la
darazione del merllmorfismo di alto grado, "crosi
milmcntc cak-doniano, dell'Argemcra; esso precede
I'intrusionc dei granitoidi palC01'.oico-infcriori sue
cessivamente rrasformati in orrognei5S dill ciclo
ercinico (Arllenlera); b) la datazionc dell'evento
granulitico ndl'Ausrroalpino Sll cui si anendono
risuhali coerenti con quelli della Zona Ivrea.ver·
hano); cl la dllrazionc dei granicoidi (ortogneiss
alpini del Gran Paradise e del Dora Maira; d) la
ronferma radioltlClriCll degli evemi eoalpino e le
pontino supposli. sulla base di a55Oci.rioni meta·
morf1che peculiari, nell'Uniti'l Pennidica superiore
deI Dora Maira c nell~ mclao60liti edogitiche del
Gruppo di Vohri; t} la darazione delle a55Ociuioni
di aha prcssione nelk ropenure hrianzonesi inler·
ne, nel b.s.mcmo del Gl"lln San Bem.rdo, e neUe
melaofioliri in facics sc1sti blu delle Alpi Coz}e e
Maritrime.

Paroli' cbitlw; gcocrooologia radiomctrica, ruse
/lna, Alpi ocrident.li illllialle.

Introduction

The first radiometric age determinations
on Alpine rocks were carried out by JAGER
&: FAuL in 1959. Untillhe end of the 1960s,
the production of isotopic data was re
latively scarce and resuhs were sometinxs
queslioned or accepted with some perplexity.
Between 1969 and 1974, the radiometric
researches of j.c. HUNZIKEIt allowed the
dating of the two main Alpine tectono
metamorphic events in the Swiss-Italian
Penninic Alps. These events had previously
been considered logether a single polyphase
cycle of mid-Tertiary age. The second half
of the 19705 saw great development in the
production of dala in the fields of radiometric
geochronology and isotopic gcochemistry.
The production of approximately one
thousand data, on the Western Alps alone,
was favoured by more refined analYlical
methods, massive investments, and the great
increase in Ihe number of laboratories and
workers concentrating on Alpine problems.

It is not feasible here to revie,,' all
these contributions completely. This report
is limited to the Italian sector of the Weslern
Alps and also disregards the well-known
Ivrea- Verbano Zone and the associated
sequences of the South-Alpine basement
outcropping belween Lake lI.hggiore and
Ivrea (HUNZIKER &: ZIN<N, 1980, and re
ferences therein), discussed in another article
in this volume. With a few exceptions, we
will limit ourselves here to recalling the
most significant data published betw~n

1970 and 1984, bearing in mind that, for
preceding years, substantial reviews of radio
metric data and some monographs with
exhaustive bibliographies exist (BucHs er
al., 1962, 1971; CHESSEX, 1964; C!·IESSEX
et al., 1964; BERTRAND et al., 1965; .lXCEk
et at., 1967, 1969; DEL.... LOYE & VU....GNAT,
1970; JAGER, 1970, 1973; KOPPEL & GRU
NENFELDER, 1975; KbpPEL et al., 1980).

The Italian \'(festern Alps essentially
comprise the axial zone and the continental
suture of the Alpine belt. From lOp 10

bottom, the pile of nappes is composed of:
a) Ihe Auslroalpine system of paleo-African
provenance (Dent Blanche and $esia-Lanzo
composite units); b) the Piedmont ophiolite
nappe system, including segments of oceanic
lithosphere and ocean-facing continental
edges; c) the Palco-European system. The
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latter is composed of the Upper Penninic
Monte Rosa, Gran Paradiso and Dara Maim
pasement nappes, the Middle Penninic Gran
San Bernardo basement and cover nappes,
including the Berisal and Moncucco-Or~elina

sheets, the Lower Penninic nappes of the
Ossola Valley, and the Valais decollement
nappes. The Helveti:m domain outcrops
mainly in France and Switzerland, and only
pans of the Argentera and Mont Blanc
crystalline massifs with some cover sequences
outcrop in Italy.

With the exception of the Helvetian
basement and of small Austfoalpine scetors,
all these units show a pervasive tcetono
metamorphic imprint of Alpine age, character
ized by high pressure-Iow temperature and/
or greenschist mineral assemblages. This
situation is shown on one hand by the
excellent results obtained by radiometric
geochronology in dating Alpine events and,
on the other, it justifies the relative scarcity
of data on pre-Alpine events. It should be
remembered here that the pre-Alpine rock
forming minerals which are locally preserved
as metaslable metamorphic assemblages in·
the Penninic basement often show rejuve
nated Rb-Sr and K-Ar ages. Instead, radio·
metric research on pre-Alpine magmatic
events is more fortunate, in that Rb-Sr
whole-rock isochrons have allowed definition
of the pre-Alpine intrusion age in numerous
significant onhogneiss bodies.

A review of radiometric data from the
Italian Western Alps only, however, does
not supply a complete picture of the pre
Alpine and Alpine history in the whole
Western Alps, and a brief picture of
the overall tectono-metamorphic evolution,
inspired to a great extent by a communication
by HUNZIKER (1984) on Western Alpine
geochronology, will be given in the fol
lowing section to fill the gap.

Geologic and radiometric framework

The oldest events which may be traced
in the Alpine rocks are recorded in zircons
occurring in the paragneisses of the main
paleogeographic and structural domains, of
Precambrian age (2500 Ma). Since the host
rocks do not show radiometric evidence of
such old events, these zircons are believed
to be dettitic and of extra-Alpine origin.

The existence of Proter07.0k orogenetic
tectonometamorphic events also seems to be
excluded from recent research on the Ivrea
Verbano Zone. The classic granulites, meta
morphosed in the Lower Paleozoic, probably
derived directly from sediments deposited
500-700 Ma ago (Rb-Sr), fed by a prorolithic
source which separated from the mantle
between 1200 and 1800 Ma ago (Sm-Nd).
Instead, the associated femic and uhra
femic rocks probably derived from magmas
emplaced about 600 Ma ago (Sm-Nd).

The first tectono-metamorphic and magma
tic cycle radiometrically documented on a
regional scale in the whole Alpine chain
goes back to the Ordovidan (<< Caledonian
event» AUCI.).

I t is well preserved and dated in the
Ivrea-Verbano Zone, in the Austroalpine and
Helvetian, and locally in the Penninic Units
too (Rb-Sr whole-rock isochrons and con
cordant V.Pb data on zircons). It is character
ized by high -grade metamorphism with
granulitic (local HT edogites) and amphibo
litic associations, and was followed by
widespread anatectic processes and large
scale intrusion of granitoids.

Passing to the Hercynian, very numerous
dating (Rb-Sr whole-rock isochrons and U-Pb,
Rb-Sr and K-Ar data on minerals) reveal
traces of a Eo-Hercynian episode (350-360
Ma) and a main tectonometamorphic event
with a thermal peak at 320-330 Ma,
characterized by metamorphic associations in
amphibolite to greenschist facies. In sectors
lacking radiometric age determinations, this
event in any case predates the Hercynian
unconformity of mainly Westphalian age
(GB. Du PIAZ, 1939). The Hercynian cycle
ends with the widespread intrusion of Upper
Carboniferous granitic plutons, followed by
a Permian tectonic/magmatic phase showing
local traces of a thermic event.

Until the beginning of the 1970s, the
HP-LT metamorphic associations and later
associations with features varying from the
amphibolire (Ossola-Ticino) to the greenschist
fades (Western Alps) were referred to a
single tcetono-metamorphic cycle, admittedly
polyphase, and believed to be of Tertiary
age. As will be shown in the following
sections, systematic radiometric age deter
minations (Rb-Sr whole-rock isochrons and
Rh-Sr and K-Ar ages from white micas and
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sodic amphiboles) have shown the existence
of an Eoalpine event, of Upper Cretaceous
age, chronologically clearly separated from
the later. middle Tertiary, Lepontine event.
The latler predates the development of the
Periadriatic magmatism. of mainly Oligocene
age. The history of the Alps ends with the
Neogene tectonic phases essentiaUy developed
at opposite margins of the chain. Only local
traces of these phases are recorded in the
available age determinations in the Italian
sector of the Western Alps.

Radiometric dating in the [1alian Welll
ern Alps

Pre-Alpine events
We have already mentioned that the

Alpine tectonometamorphic overprint causes
serious difficulties in the application of
radiometric methods in dating the prc-Alpine
metamorphic events locally recorded in the
basement units of the Italian Western Alps.

Recent Rh-Sr and K-Ar whole·rock and
mineral age determinations on Penninic units
in Western Liguria (DEL MORO et aI., 1982
83) give an early Hercynian or older intrusion
age for t~ Calizzano-Savona metagranites,
with Hercynian overprinting under amphi
bolite-fades conditions, with a t~rmal peak
at 333 Ma and mica cooling ages between
327 and 311 Ma. It is therefore probable
that at least part of the Gran San Bernardo
paraschists underwent a Lower Paleozoic
metamorphic event. The same hypothesis
may possibly be extended to the high·grade
associations locally preserved in the Monte
Rosa and Gran Paradiso nappes, which
certainly predate the intrusion of the Upper
Carboniferous granitoids. In the Austfoalpine
units megascopic relics of high-grade para
schists are widespread and very similar
to those of the Ivrea-Verbano Zone. Ac
cordingly, their metamorphism probably
goes back 10 the Ordovician cycle. Available
age determinations are limited to some
Rh-Sr cooling ages on biotites (180-240 Ma;
DAL PIAZ et al., 1972; HUNZIKER, 1974)
agreeing with those obtained from the Ivrea·
Verbano Zone.

The high -grade parasrnists and rare
edogiles of lhe Argentera massif very
probably record a pre-Hercynian metamor-

phic event, as deduced from their associ:ltion
with Hercynian orthogncisses deriving from
granitoids of probable Lower Paleozoic age.

As regards magmatic events, a Rh-Sr
whole-rock isochron attribules the intrusion
of the Monte Rosa granitoids, transformed
into orthogneisses by the Alpine metamor·
phism, to the Upper Carboniferous (HUN
weEK, 1970). The same age may probably
be attribuled to the metagranitoids and
augen-gneisses of Gmn Paradiso and part of
Dara Maira - a stimulating topic for
forthcoming geochronologic research.

In the Italian paris of the Helvetian
domain, Rb-Sr whole-rock isochrons have
been obtained both on the Mont Blanc
granite (313 Ma; BAGGIO et al., 1967) and
on the Argentera central granite (285-293
Ma: FERRARA & MALARoDA, 1969). The
ages refer to the intrusion of granitic
batholiths and nOl, as proposed by the
Authors, to an anatcclic-metasomatic event.
Other Permian plutons have recently been
documented in the Auslroalpine Sesia-Lam;o
unit'(OBERIIANSLI et aI., 1982) and in the
middle Penninic units of the Val d'Ossoln
and western Liguria (BIGIOGGERO et Ill.,
1982-83; DEL MORO et aI., 1982-83). The
~mniric orthogneisses of lhe Moncucco-Orse
Una Unit, the root-like sout~rn extension
of (he Gran San Bernardo nappe, have sup
plied a Rh-Sr whole-rock isochron of 271 Ma,
interpreted as lhe intrusion age of the
magmatic body (BIGIOGGERO et aI., 1982
83). The age of the Barbassiria (Savonese)
epiplutonic granite (DEL MORO et al., 1982
83) also turns out to be Permian, and may
thus be correlated with that of similar bodies
intruded in the Permo-Carboniferous se
quences between Modane and the Aosta
valley.

Triassic events

An age of about 248 Ma (Permian/
Triassic boundary) has been defined by eight
Rb.Sr and K-Ar measurements on the phlogo
pite inlercumulus of the Matterhorn-Mt. Col.
Ion layered gabbros (DAL PIAZ et al., 1977).
These gabbro bodies are inserted, with a
mylonitic contact, in the granitic crust of
the lower unit of t~ Austroalpine nappe
system, and certainly predate the opening
of the Western Alpine Tethyan ocean. They
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have been interpreted as ensiaUc or sub
crustal intrusions which took place: during

"the pre-rift extensional process of tearing
and thinning of the continental crust leading
10 the Upper Jurassic opening of the Te
thyan basin.

Similar significance may be given to the
five Triassic-Lower Liassic age determina
tions (192-212 Ma), obtained with the fission
track method, on zircons from acid dif
ferentiates associated with blueschist gabbros
of the Piedmont ophiolitic nappe in the Cot
tian Alps (CARPENA & CABY, 1984). Some
of the 30 K-Ar age determinations (range
38-220 Ma) performed by BERTRANO &

DELALOYE (1976) on metaophiolites a~so

dated with the Gets flysch of the Prealpes
fall within these values.

Alpine events
The early-Alpine HP j LT tcctonometamor

phic event has been dated on fragments of
oceanic lithosphere and on both Austroalpine
and Penninic continental crust. It should be
noted that, in the North-western Alps, this
event involves large and cohererv tectonic
unirs, and not melange formations as in most
circumpaci6c blueschist belts. It developed
eclogitc mineral associations, under poT
gradients consistent with a subduction
environment, with ages from 128 Ma (Rh-Sr
whole-rock isochron; DAL PIAZ et al., 1978)
10 80 Ma (eclogite climax) and 10 60 Ma
(cooling) during derompressional evolution
(DAL PIAZ et al., 1972; HUNZIKER, 1974;
BoCQUET et al., 1974; OBERliANSLI l."t
al., 1982). The isochron was determined
on the edogitic granite of Mt. Mucro·
ne (Austroalpine continental crust) bv
HUNZIKER (in DAL FIAZ et al., 1978). Othe"r
Early Cretaceous ages were obtained on
granite gneisses of the Monte Rosa nappe
(In ± 20 Ma, Rh-Sr whole-rock isochron)
and a talc-chloritoid - kyanite quartzite also
from this nappe (3)>Arj~OAr on phengite) by
HUNZtKER (1970) and CHOPIN and MONtE
(984), respeclively. The age of the meta
morphic climax was obtained by means
of numerous Rb-Sr and K·Ar determina
tions on white micas and amphiboles
from the Austroalpine eclogitic micaschists
(HVNZIKER, 1974) and from eclogite ~tions

of the Piedmont oceanic crust (BocQUET et

al., 1974; HUNZIKER, 1974). These rsdio
metric ages allowed dating of the penetrstive
schislOsity and the fits[ two folding phases
accompanying tht: HP-LT metamorphic event
(Gosso, 1977; Gosso et al., 1979; LAR
OEAUX et al., 1982). The HP-LT associations
occurring in the Penninic crystalline base
ment of the Gran Paradiso nappe, tectoni·
cally sited under the Piedmont ophiolite
nappe, have recently supplied uAxjfoAI ages
on white micas of 60-75 Ma (CHOPIN &

MALusKI, 1980). These ages may correspond
to the cooling t:volution of the Early Alpine
event (CHOPIN & MONII~, 1984; Du PIAZ
& LoMBARDO, in press).

Early Alpine ages have also.been obtained
for the anchizone-greenschist metamorphism
of the Canavcse sedimentary sequences, a
strongly deformed tectonic unit interposed
between the Ivrea-Verbano Zone and the
Austwalpinc Sesia-Lanzo unit (ZINGG et al.,
1976).

KjAr ages ranging from approximately
70 to 40 Ma (Uppermost Cretaceous to Mid·
die Eocene) have bttn obtained on phengites
from metasediments of the blueschist
Piedmont Units of the Conian Alps (DE
LALOYE & DESMONS, 1976; BoNHOMME et
al., 1981; LIEWIG t:t al., 1981). These ages
may record a HP-LT event younger than the
Early Alpine metamorphism of the North·
western Alps or, alternatively, cooling ages
of the latter event. The first interpretation
appears to agree better with the strati
grsphical evidence preserved in the internal
Brian~nnais Units of the Cottian and
Ligurian Alps, which suggests that the blue·
schist assemblages are in this region of
Paleogene age.

The Lepontine (or mid.Tertiary) tectono
metamorphic event is pervasively recorded
in the whole Penninic area, over vast sectors
of the Piedmont ophiolite nappe (specially
on the Comhin units d. l, and on the
external sectors of the Lower Austroalpine
Unit (Arolla and Gneiss Minuti compl~xes).

The equilibrium conditions reached by the
Lepontine metamorphism in the Monte Rosa
nappe are discussed by FREY et a1. (1976).
This metamorphism developed typical grttn·
schist mineral assemblages and related post·
nappe deformations in the Piedmont.Aosta
Valley area, reaching the highest thermal
conditions (intermediatc pressure-amphibolite
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facies) in the Ossola-Ticino window. Its
thermic peak occurred 3840 Ma ago (HUN
ZIKER, 1970, 1974; JAGER, 1973; DEL MORO
et al., 1982-83) as indicated by the age of
newly formed micas. Numerous Rh-Sf and
K-Ar cooling ages on minerals are available
for the lower Penninic units of the Ossola
Ticino a~a (Jii.CER et al., 1967; HUNZIKER,
1970; JAGER, 1973; PuRDY & JAGER, 1976),
on the middle-upper Penninic units between
the Ossola and Aosta Valleys (HUNZIKER,
1969, 1970, 1974; DELALQYE & DESMONS,
1976; DEL MORO et al., 1982-83), and on the
Piedmont ophiolitc nappe in the Penninie/
Couian Alps (BocQUET et al., 1974; HUN
ZIKER, 1974). Similar ages are reported for
the Gran Paradiso (39Ar/~oAr: CHOPIN &

MALUSKI, 1980) and the Austroalpine con·
tinental crust (HUNZIKER, 1970, 1974). The
set of data shows that the younger the
cooling ages, the higher the temperature of
the Lepontine thermal peak. Ages are thus
progressively younger going downwards
through the nappe pile, from the capping
Austroalpine units towards the lowest units
of the Ossola-Ticino window, whe~ Nco
gene ages are common.

Radiometric age determinations have thus
demonstrated that, in the North·western
Alps, the~ is a time delay of at least 50 Ma
betw~n the climaxes of the tectono-meta
morphic events. In this region, the~ was
no single orogenic cycle, with an early HP
phase produced by the tectonic overload
of nappe piling, immediately followed by
the Lepontine thermal re-equilibration, as
postulated unanimously until the beginning
of the 1970s. Instead, there were two sepa·
rate orogenic cycles, distinct in time and
developing under different geodynamic con
ditions; the Early Alpine HP·LT tectono
.metamorphic event predates the continental
Africa-Europe collision and is related to
subduc'tion and exhuming processes. Instead,
the Lepontine tectonometamorphic event is
a typical po5t<olIisional process involving
deformation and shortening of the pile of
basement nappes as well as regional meta·
morphism linked to thermal doming (DAL
PIA.z et al., 1972; HUNZtKER, 1974).

In the Italian NW Alps, the upper limit
of the Lepontine event is fixed by tlK
intrusion of post-metamorphic bmprophyre

10 andesite dykes of 31 Ma crosscutting the
external sector of the Austroalpine Sesia.
Lanzo unit and the underlying rnetasediments
of the Piedmont ophiol..ite nappe (DAL PIAZ
et al., 1973). Similar radiometric ages have
been obtained for the plutons of Bidla and
Traversella (CHESSEX & VUAGNAT. 1961) and
Miagliano (CARRARO & FERRARA. 1968). and
the related dyke swarms crosscutting the
Early Alpine ec10gitic micaschists of the
internal Sesia-Lanzo unit, as well as the cover
and basement sequences of the Southern Alps
(BIGIOGGERO et al., 1983).

Conclusions

The available radiometric data on the pre·
-Alpine metamorphic events of the Penninic
Units outcropping in the Italian sector of
the Western Alps arc relatively few and
scattered over a large area. The existence: of
pre-Westphalian regional metamorphism is
well documented on stratigraphical grounds,
but the pervasive Alpine tectono-metamor·
phic overprinting makes radiometric dating
difficult and generaUy produces Alpine
rejuveoations. The granulitic continental
crust of the Upper Austroalpine Unit. which
largely escaped Alpine transformations,
shows Late Hercynian cooling ages. 1De
high-grade metamorphism is not dated but,
due to its close similarity to the Ivrea·
-Verhano Zone, is probably of Lower Palco
zoic age. The sedimentary and pre·meta·
morphic magmatic history also probably cor
responds [0 that of the Ivrea-Verbano Zone,
briefly described in the Framework.

Better known from the viewpoint of radio
metric geochronology is the history of the
pre-Alpine magmatism of some seetors of
the Italian Western Alps. Local Ordovician
ages (Savona basement units) are available,
together with numerous Upper Carboniferous
and Permian ages for the intrusive granitoids
of the Helvetian basement and middle and
upper Penninic nappes.

Instead, the Italian North-western Alps
represent a classic region for the study
of Alpine t«tono-metamorphic events. It
should be noted that the Early Alpine event,
dated in the Austroalpine units of the
Eastern Alps (SASSl et al., this volume), is
distinguished by its different poT conditions
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from (he Early Alpine metamorphism in the
Western Alps. However, in t~ Penninic
continental crust and in the metaophiolites
of the Central Alps and the Tauern Window,
there are eclogitic associations similar to
those of the Western Alps, although they
have been only locally dated so far. An
Early Alpine HP~LT evolution, common to
the Penninic and ophiolitic units of the whole
Alpine chain, with differentiated history for
the overlying Austroalpine units, may thus
be hypolhesized.

In conclusion, brief mention may be made
of some of the most stimulating issues still
open to solution by means of new research
in the field of radiometric geochronology. As
regards the pre-Alpine metamorphic history,
the Helvetian basement of the Argentera
massif may be mentioned, where there is the
definite possibility of dating the regional
Hercynian metamorphism and, perhaps, also
the granulitic-edogitic relics existing be:fore

the granilOid intrusion (now orthogneisses
and migmatites), of probable Ordovician
age. The daring of (he granulitic event in the
upper Aumoalpine Unit (Valpelline Series
and 2nd Diorito-kinzigi(ic Zone, Auct.) and
of the HT assemblages preserved as meso
scopic relics in the Penninic Monte Rosa
and Gran Paradiso nappes may also be
expecled.

The age determination of the pre-Alpine
granitic plulOnism in the Gran Paradiso and
Dara Maim nappes will update current
knowledge on the Penninic and Maritime
Alps and will probably confirm the impor
tance of che Late Hercynian events or reveal
an even greater diffusion of the Ordovician
intrusives.

As regards the Alpine tectono-metamor
phic events, much work still remains to be
done on the Italian Conian Alps, especially
on the Penninic continental crust of Dora
Maira and the Pinerolo units.

TABLE 1
Rb-Sr whole-rock ;sochrons on granites trom the He/vetic Mont Blanc

and Argentera massifs

Rock lype ...". "1ll~la1 "'PP" ""PP"
81

Rb/
86

Sr (81Srfl6SrI. (81SrI"SrH ,., ..
""" "'''' (8~lo el al., 19(1)

Granite "" " '" '60 .., 0.1280
Aplltlc 9ranlte "'" " '" " '.3 0.H10
Granite 2143 " 'SO 127 '.1 0.1m
Gran1te 2518 " 212 112 3.' 0.1261
Gran1te "" " '" ,,<I .., 0.1254
Apllt1c granlle """ " lIS 105 3. , 0.7269 0.109+0.002 313
Granite 3122 " '69 81 5.' 0.1358
Hy1onit1c 9ranlle .03<1 " " 20 .., 0.1243
Id~ 4335 " 'OS "" 3.1 0.1209
Gr.n1 te 538<1 " '" 135 5.' 0.1194
Granite ".. " '" '" ,., 0.1336

NlGElIURA (ferTara .. ""hroda,19(9)

Granite ,
" ". " 12.4 0.160

Grllllle ,
" '" .. "'.. '.81lO

Granite 3 " ." 11.4 14.3 1.02<1 0.112: ZBS
Grllllte ,

" '91 ".56 25.' 0.819
Aplltlc granite 1 .. 314 18.1 .... 0.921
AMlulte 10 .. 3.' o.no
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TABLE 2
Rb-Sr whoi~-rock iscx:hrons on Penninic in/rusiVe5

... ".. -,. ""lvll.1 ..... "'"
87atif'6Sr t1l7

Srl'Srlol (17SrI"SrIl '" ..
IIlIfT( llOSA tHunzltft" ,19701

A!t.,......lte .. ~ 13.3 16.3 ,." 0.757
Att.....lte " ~ 00.' ", J.ll O.7ll1
lletagr..lte '" ~ n.9 U.9 10.01 0.155

0.112 )10 • §O
llet....lte ". .. 71.2 81.1 9.03 0.755
Ilet~r....lte '" ~ os.s m '"'0 0.734
_t.,unlte <I, ~ 81.8 ..., 13.10 0.112

IOItOCClHlllSEll "" Ulgl0gger0 et .1 •• 1982-831

ltetlgr.nlte "079-2 .. '" '''' 2.37 0.7211
lleh".nlte "079-1 .. ... no 6.14 0.1352
lleh,anlte Mol'·) .. '" H' ,." 0.7300
lleug••nlte Mo7'-4 .. ,.. ", 6.62 0.7378
IleU"""lte Mol'-5 .. '" '" s.os 0.7360

0.7123 !. '" .6!. 4.8IleU,'inlte Mo79-6 " ". '" 6.70 0.7381
IleU,r.nlte 1lo81-1 " '" SS '.08 0.7434

0._
IletlgT.nltf 11081-8 " '" ", 5.11 0.7352
HeU,T.nlte KIllIl-' .. '" m 2.18 0.7227
IleU,••nlte MolIl-10 .. m ". 5." 0.7372

TABLE 3
Rb-Sr whole-rock and mineral da/a on Middle-Penninic units

.... "" -,. ","terhl ..... "'"
87Rbfl6Sr (87Sr/lll'iSrI• (81SrJl6Srll '" ..

CAlIZZAllO-SAVOM (1Ie1 IIDro et .1.,19ll2-831

lIrtloogne I ss SAVSI-1 ~ '" " 3.ll 0.1307
OrUlognehs SAlBI-l ~ '52 " H.S9 0.1111 0.1151 ~ 333 • II
OrtJlo9nelss SAl•• .. ,.. H>B ,... 0.1391

lIrtloogne Is s SAlSI-1 .. '" 21.2 58.31 0.9811 321 • 5
OrtJlotnelss SAl81-l .. SS, 5.' 32•• 55 l.1967 320; 5
Ortl\o9nll!ln ....... .. 'SO 13 •• 101.31 1.16S-t 311 ; 5
Ortl\o9Mhs SAlllO-. " '" ••• 01.59 l.6"58 31. ; 5
Ortl\o9nl!hs SAlJg-. " ... 5.' m." l.H91 325; 5
GnrlCldtorlttc: 911. SAlJg-S " ... 11.8 125.51 ,.... 311 ; 5
GrlrlCldtorltle 911. SAlJg-7 " "" ,.. l12.S1 1.6".3 111 ; 5
Granodtorlttc 911. SAV19-8 " ... ••• 141.89 1.3116 291; 5

BAR8ASSIRJ ... (lIel Koro et al •• 1982-Bl)

Mylonltle grlnlte SAY80-S .. ,'" 3 3JOot.86 12.13<49
I\Ylonitle grlnlte SAY81-1 .. ".. .., 2a.tl.OO 1.8038
1Iy1onHle granite SAYBI-4 .. 1341 .., 1391.9fi 5.~1' 2SO ~ 3
My10nltle ,rlnHe SAY81-S .. ''''' 3.' 3951.n 1••9882
My10nltte grlnHe SAY81-6 .. '" 28.5 93.11 1 .0301
My10nH,le grlnHe SAY81-1 .. '" ••• Sl1.a.t 2.SJOot

IlOIlCUCCO-OR5£lll1A (8lg1oggero et 11 •• 1982-831

IIetagrl/ltte 11079-2 " '" 2.01 116.5 0.953<4 21.1.0.1
IIetagrl/lttil 11019-2 .. '" lO. , SO., 0.1395 26.3; 2
IIetagrl/lttil 11019-1 " "" .... n" 1••249 21.5; 0.3
IIeUgrl/lttl 11019-1 .. .., 9.18 161.6 0.1992 29.0; 0.6
IIetagrl/ltte IlDJg·l " '" ..., "'" 1.1141 ZO.1 ; 0.3
IIet.,rillllte IIoJg-l .. '" ID.' 101.9 0.1128 29.0; 0.6
IIetagrillllte ..".. " 1192 •. n '''" 1.2216 ZO.'; 0 .•
IIetagrillltte ..".. .. SOl 10.1 16".8 ,.... 21.';0.'
IIetagrilllttl ..".. " HO' ... "', .."" ZO.S ; 0.3
IIet.iIIllte IIoJg-S .. ." 14.' 91.6 0.1691 25.4; 0.6
IIet.iIIllt1 ..10-6 " ,.., '-' lOO ..- ZO.l ; 0.3
IIet....ttl ..".. .. '" 11.3 136.S ,.- 21.3 !: 0.6
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TABLE 4
Rh-Sr data on the Uppu-Penninic Monte Rosa nappe and on the Austroalpine units
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... '''' ....,. I'Ite1"I ..181
1tl ~ "'"

87
1tl/

86
Sr (81Sr/IlfjSrI. (87Sr/"SrIl ....

.,.,[ ROSA (Hunzlktr .1910)

Het-sJranltt .. .. '96 ••• 248!. 10
P.r.gnelss 91 .. 93.4 n.4 255 t II
Ortho9nelss " .. 133 10.7 197 -; 8
Orthognelss '" .. '" 11.8 2ll; 12
Orthogr.elss '" .. ". .., 226 ; 10
Orthogr.elss "g .. '" 12.7 29.7 t 4.8
Gneiss '" .. ". '-' 37.4; 1.5
Orthogr.elss '" .. '" 15.7 31.9; 5.9
Albltt-gr.elss m .. '" ,.. 45.4" 2.6
OrUlogroelss m .. 12l '.' 42.2 -; 3.3
Orthognelss ". .. '" ,.. 2id ; 1.4

5UIA-lNlZO NIl OUT aLAlIQl( AlISTROoU..nl: SYSTDl (Hunllke1".1914)

' ..ngnelss ,.. 81 '" .... 184 t 1
P"raglltlss '" 81 m .., Z07 ; 8
'"raglltlss '" 81 '05 ,., 190 ; 8
hnded groelss ." .. ".J ..., 86;6lI
OrtJoognelss '" .. " 24.5 10.7 .. 38
Phtngltt-eclogitt .., .. ..., 12.8 1tl.8 ; 13

TABLE 5
K-Ar dllla on micas from the Lower and Upper Austroalpine units

(lful from Ihe Gran Son Bernardo units in \Y/"stern Liguria

Rock type 5""'11lt Mattrhl " 40",. rei .1/g 40",. ntS ....
Sl:SIA-lNlZO (HunzIkef".19141

Eclogltlc .Iuschlst ". "' 8.35 "'.J .... .. ..
Eclog1tfc w1uschlst m "' 8.52 23.4 87.3 76.1 t 3.9
Eclogltlc lI1uschlst '" "' 8.15 ll.5 ".. 63.4. 3.4
Albltt-schlsts '" "' .... 16.9 ..., 47.3.2.1
Orthognelss ". "' 9.19 22.8 10.0 61.3; 4.4
Eclogltt .., "' '.n 2U 96. , 61.7:; 3.2
Ecl09itlc .Iusctlist .... " 6.19 18.1 .... n.l; 3.2
Ecl09itlc .Icuchlst ..... "' 7.75 24.0 ".J 16.2; 4
Eclogitlc .icuchlst 68' "' '.50 27.4 87.0 19.2; 2.5
Eclogitlc .Icllschlsts .., "' .... 24.1 89.2 11.2:; 3.2

YALPELtlNE AIIO 2nd OIORITO-KIKZIG[T1C UNIT (Ilunllker .1974)

PlIr"gntlss '" 81 7.01 53.3 ..., 180 .. 9
p"raglltlss '" .. '.05 45.0 .... 135;8
p"r'9M1ss ... .. '.85 65.6 ..., 171 ; 9

.,.,[ ROSA (r~ tt "I •• 1976)

Metagnnltt .. .. .... 23.n 61.1 63.8 t 3.1
MtUgr."ltt " .. 9.n 9.41 87.3 Z5.4 :; 0_9
MtUgr..,ltt "" .. 8.97 "... 91.4 57.0;2_5
Metagnlllte ." .. 9.31 19.79 ..., 52.6; 1.8

IAltSASSIIIA NIl CALllZAllO-SAYOIlA UlIITS (GRAIl SAIl 8DlWlOO JW>PE) {Del IIonI tt 11..1982-831

Mylonltlc gr.nitt SA'80-5 '" 8.31 .." .. 231 t 2
Mylonitlc gnnite SA'81-5 '" 8.37 .... " 241 .- 3
Orthognelss SAY79-8 "' 7.01 8.87 .. 193 !: 15
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TABLE 6
K·Ar data on pre-Alpine and Alpine minerals of Middle-Pemtinic,h, Gran San Bernardo Nappe from Valais and COUid" Alps

Rock type SOlllple Material " 40Ar rd .1(g 40Ar rdS AGE Ma

GRAN SAN 8ERNAROO BASEMENT AIID COVER (Bocquet et al. ,19741

Micaschist KA548 " 5.62 113.14 96.8 449 + 18
Mica-schist KA549 White .1ca 8.18 117.77 97.6 317 '+ 13
Hicaschist '" \/hite .lea 8. IS 111.9 97.7 301 :; 12
Casanna schist KA52 Mica l.67 24.076 92.3 213 .. 8
Casanna schist KA65 Green .lea 2.72 23.517 48.3 205" 8
CasMna 5ch; st KAI99 l/llite .ica 5.05 9.463 51.0 46 -; 2
Thyon gneis KA66 " 4.72 8.849 74.6 47 '+ 2

Casanna schist KAI98 lItlitE' _lea '.65 1.872 62.2 42'+ 2
Casanna SChist KA202 White .lea 4.69 18.059 53.7 94" 4
CasMna schist 0205 White .lea .." 11.899 45.9 68 '+ 3
Quartzite KAlO7 lIIlite .iea 7.92 10.822 73.2 33" 1
Base.ent 5th; st '" Fe-., 7.72 81.28 96.5 241 +" 10
Mod~ne orthGgn KA545 White .In 8.49 96.44 95.0 265 +" 11
Modane orthogn KA546 " 8.67 22.08 91.6 62 !)
Modane orthogn KA541 White .iea 8.87 73.47 97.0 213 + 8
8ase-ent schist 965 " 8.12 30.56 n.3 n +" 4
8aselEnt schist 1012 White .iea 8.41 16.02 81.3 47 +" 2
8ue.ent schist 10" White .iea 8.28 17.60 11.6 53 +" 3
Cover Ilarble ... " '-86 15.59 81.7 49 +" 2
Cover quarzsehist 12 " 8.63 15.27 79.2 44 +" 2
Cover quarzschist 565 " '.08 14.70 90.6 40 +" 2
Cover quarzsehlst '" " 8.69 15.32 88.3 45 + 2
Cover IIlarble '" Crossite 0.046 0.151 14.5 68 +" 19

TABLE 7
Selected K-Ar data on HP/LT minerals of metaophiolites "nd calcschislS

of the Piedmont nappe from Valais and Cottian Alps

Rock type Suple Material " 40Ar rd .1/9 40Ar rdl AGE Ma

PIEDMONT OPH10LITE ItAPPE (lIunziker,1914; Ilocquet et al. ,1974)

Eelogite 653 Parag 0.519 0.713 21.9 34.1 :!. 6.2
Eelogite 655 Para9 0.353 0.641 25.0 45.4+9.1
Eclogite "7 Ghue 0.130 0.411 41.6 77.9 +" 9.3
Eclogite "7 Para9 0.616 0.916 32.4 36.9 +" 6
Metabasite IS' Ghue 0.045 0.0Il7 15.8 48.1 +" 15
Glaueoph~nite '" Ghue 0.045 0.132 14.6 74.2 +" 2.5

Ca1csehist 735 " 7.37 8.251 87.5 62.0 + 0.5
C~1cschist 7" Para9 2.95 3.566 39.6 67.0 +" 4
C~1cschist '88 " '.08 4.599 87.5 42.0 +" 0.1
Metagabbro '" Marlposite 8.11 5.385 72.3 37.0 +" 0.6
Calesehist '" " 7.38 6.510 89.8 49.0 +" 0.4
C~1csehist '" " 6.95 4.638 86.' 37.0 +" 0.3
Schist 957 " 6.]3 4.390 ".5 39.0 +" 0.4
Sch1 st 95' " 8.07 5.706 85.5 39.0 ! 0.4

Ketabaslte '" blue MIph 0.035 0.097 11.7 69 .. ZZ
Schist 728 Fe-9huc 0.058 0.157 17 .4 67 +" 15
Schl st ,5< Crossite '.088 0.137 J7 .3 39 +" g
Metabaslte 1189 Fe-~tinol 0.039 0.26 12.4 80 +" 26
M~rble '" Fe-91 aut 0.021 '.088 ,., 104 t 46
Calcschlst '" Rlebeddte 0.29 ,.... '.5 38 +" 18
Marble '" Crosslte 0.046 0.151 14.5 68 t 19
MetaopMolite 955 Fe-actinol 0.039 0.26 12.4 80 +" 26
CalcscMst 1012 White .lta 8.41 16.02 87.3 47 +" 1
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TABL.E 8
K-Ar apparent ages of different generations of phengite from calcschists

0/ the Piedmont ophiolitc nappe in the Northern Cot/ian Alps
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Rock type SMlple H~ter1a.1 " 40Ar rd ..1/9 40Ar rd7;
AGE '"

PIEDMONT OPHIOllTE NAPPE, COTTIAN ALPS (llewi9 et ~1.,1981l

C~lcschist 200-165/2 '" 8_36 13.03 67.19 47.6+ 1.5
Calcschist 200-165/3 '" 8.94 16.06 79.25 54.8+1.4
Calcschist 200-165/4 '" 8.88 16.15 74.79 55.5 + 1.5
Calcschist 200-165/5 '" 7.77 13.45 75.80 52.8 + 1.5
C~lcschist 200-165/6 '" 7.41 10.97 74.93 45.3 + 1.3
Calcschist 200-165/1 '" 2.45 3.10 68.38 46.1 + 1.5

Calcschist 165-125/4 '" 9.14 16.25 84.74 54.2 + 1.4

Calcschist 63-501Z '" 1.50 4.37 70.91 88.1 + 2.8
Calcschist 63-50/3 '" 5.34 7.52 70.28 43.1 + 1.3
Calcschist 63-50/4 '" 8.09 12.82 84.42 48.6 + 1.2
Calcschist 63-50/5 '" 3.19 4.65 67.75 44.5 + 1.4
Calcschlst Total '" '.09 6.67 94.80 49.8 + 1.3

Calcschist SO-32/2 '" 2.21 2." 62.38 41.0 + 1.4
Calcschist 50-32/4 '" 8.27 12.31 94.38 45.5 + 1.2
Calcschist 50-32/5 '" 4.65 6.71 74.38 44.1+1.3
Calcschist 50-32/6 '" 0.92 1.14 32.81 38.1+2.4
Calcschist Total '" 4.24 6.63 83.44 47.8 + 1.3

Calcschist 32-ZiJ Total '" 4.20 6.56 83.05 47.7+1.3

Calcschist " '" 4.70 7.16 81.25 46.6 + 1.3
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