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ABSTRACT. - hotope gc:ochronology has contributed
a great deal to rc:wnstruction of the: gtQlogicaI
c:vollllion of Central Alps, since: it has enabled
the difficultic:J arising from the: abJentt of seoiolical
evidence for most of the: pre-Carbonifenxu c:ve:nu
to be: c"..c:roomc:.

Three main pe!qc:De:tic periods can be: idc:nti6c:d:
I) Betwttr! 480 and 420 m.y. a mc:wnorphic

c:\-ent (whose imponaocc: can be: only guessed at),
followed by discrete intrusive: activily, formed the:
stratigl1lphical framework of all Units of the: Central
Alpine basement, although its ensiaIic character
points to the presence: of an unknown (or unidenti·
fiable) substratum.

2) Between 350 and 270 m.y.: the important
Hercynian diastrophism and metamorphism followed
by an imalse:, mostly acidic magmatic activity that
probably remobilisc:d the submatum. This cvent is
lICtuall}' the: most important, for both the South
alpine and the Austroalpinc: basc:mc:nt, but it is
alJo responsible: for InO$t of the features of the
Pennidk domain.

3) From 90 m.y. (Eoalpine phase:) till today,
though with a metamorphic climax at 38 m.y., a
diJle:rc:ntiatc:d cooling history and a complex post·
otogenic intrusive activity: this is the Alpine
Drogeny, Detailed isotopic surveys have allowed a
mantle origin with different degrees of crust,d
contamination to be attributed to most of the
Alpine lIUIgma,

Kry words: Central Alps, Gc:ochrono1ogy, Southern
Alps, Auslroalpinc: Domain. Pennidic Domain.

RJUSUSTO. - La gc:ocronologia isotopica ha for·
nito un contributo considc:rc:\"Ole alia ricostruzione
dc:lI"c:voluzione gtQlogica delle Alpi Centrali. Sono
uati distinti t«: periodi pc:trogenetici principali:

I) Tra 480 e 420 m.a,: un cvento metamor
fico (sulla rui impowinza si possono fare solo con·
geume), seguito da una discrela auivita magmatica.

formO I'impalcatura sUlllis.rafica di tutte le unid
dd basamento dc:lIe A1pi Ccntrali, sebbc:ne il carat·
te«: CfUiaIico dc:l.I'evc:nto Icstimoni I'c:siuenza di
un substrato sconosciuto 0 non idc:nti6cabik.

2) Tta 350 e 270 m..l.: I'importante diaufO.
fismo e metamoriismo Ercinico, sc:guito da una
intalu auiviti magmatica, che probabilmenle fu il
risultato di una g~le rimobilizzazionc: dd sub
urato. L'cvalto Ercinico fu, in eJlelti, il piu im·
portante per il basamc:nto Sudalpino e Ausu'OIlpi
1'10, ma fu andlC responsabile dc:lIa creuione di
molti dei Clutteri lilOlogici dd dominio Pennidico.

3) Da 90 m.a, (fase Eoalpina) fino ad oggi,
ma con un culmine metllmorfico a 38 m,a., una
storia dilIerc:nziata di rllffreddamento ed una com·
plcssa anivitl imrusiva postorogc:nica: qucsla e
l'oroge:nc:si Alpina. Ricert"he iSOIOpiche di dc:naglio
hanno pc:rmesso di lnribuire alia maggior pane
dei magmi alpini un'or~ne dal mamdlo, coo di.
~rsi grsdi di contaminuione crostale.

P"ro/r (bill~: A1pi CcnlraIi, Geocronologia, SudaI
pino, AumoaIpino, Pennidico.

Introduction

The central sector of the Alps is probably
the part of the Earth's crust that has been
studied in the greatest detail and for the
longest time, since modern geology was born
here in the nineteenth century_ Its mdio
metric data are also very abundant, mostly
thanks to the presence of the important
schools of Berne, Zurich and Pisa.

Surprisingly enough, many geochrono
logical problems are still open and many
controversies still survive, demonstrating
that the deeper the studies and the harder
the problems of interpretation become.
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For the sake of clarity we will divide
our discussion into three parts:

Prealpine history of the Southalpine
and Auslroalpine basement.

2 Prealpine and Alpine history of the
Pennidie domain.

3 Posl-Collisional Alpine magmatism.

]. Prealpine hi8lary of the Southalpine
and AU81roalpine hasemenhJ

l.1. SoUTHALPINE BASEMENT

Once the Archaic age of the « crystalline
rocks .. postulated by the neptuniSls was pul
aside, it became clear that the metamorphic
rocks composing most of the Sourhalpine
basement have undergone at least one pte
Alpine orogeny. Their dominating mcta·
sedimentary nature was immediately under
stood, whilst the igneous origin of the inter
layered c gl'1lnilic .. gneisses was nOt fully
recognized, since: «transformism Jot the do
minating theory of the first half of our
~ntury, induced many investigators to see
in them only the product of extensive meta
somatism.

NovAREsE (1929) recognized the pre·
Carboniferous age of metamorphism and
proposed a Silurian age for sedimentation,
on the basis of lithological analogy with
other non-metamorphic shales.

The granites cutting the metamorphic
rocks were identified as pre-Alpine (except
by SnUB, 1949).

The only geochronological evidence was,
at that time, the «Hercynian unconformity»,
Le. the folded and eroded metamorphic rocks
were overlain by a pre-Triassic continental
conglomerate that VI::NZO &< MAGLIA (1947)
identified as Carboniferous (Westphalian B)
on the basis of its fossiliferous content.

RbSr and K-Ar mineral ages
The first geochronological data on meta

morphic rocks appeared in 1966 (HANSON
et al.), when a K-Ar age was assigned to a
biotite from a schist, and several Rh-Sr ages
on white mica from the pegmatite on the
eastern shore of Lake Como. The ages
(table I) range from 200 to 2'0 m.y.; sin~

they appeared too young to bco- attributed

to the Hercynian metamorphism, the authors
proposed that the formation underwent a
radiogenic loss during a thermal event con·
nected with the Permian magmatic activity.
This Permian thermal event is evoked from
time to time as a • deus ex machina» to
explain radiogenic loss, even though it has
not yet gained geological or petrographic
support. The possibility that radiogenic loss
was due to Alpine rejuvenation was con
sidered less likely.

Rh-Sr and K-Ar mineral ages on
para- and arrha-metamorphic rocks of the
~ntral Southalpine basement, offered by
Mc DoWELL &: ScHMID (1968), Mc DoWELL

(1970), HUNZlKER (1974), BocCHIO et al.
(1981), BoRIANI et 0.1. (1982-83), MOTTANA

et al. (1985) (tables 1 and 2), have con·
firmed the Hercynian age of the last de
tectable metamorphic event; moreover it has
become evident that there is a const.ant
decrease in mineral ages from SE to NW.

The most obvious meaning of this pat
tern, if we interpret mineral ages as cooling
ages. is that it reAects the post.Hercynian
cooling history of the Southern Alps; this
is geologicaUy substantiated by the evidence
that the degree of metamorphism also
increases from SE to NW. Moreover, the
increasing Rh-Sr white mica age towards E
(up to 364± 15 m.y. in Val Trompia: DEL

MORO in RIKLlN, 1983) may reflect an older
age in the more easterly parr (Le.: the
metamorphic «thermal wave» propagated
from SE to NW). Yet one must remember
that. depending on the crustal level, th..:
lower the metamorphic grade, the faster ,he
cooling down during the uplift of the
Hercynian belt. Nevertheless, other expla
nations have been considered, such as the
possibly more conspicuous radiogenic loss
near [he Insubric Line during the Alpine
orogeny; in this case, we would be dealing
with mixed ages and not with cooling ages.

The particular K-Ar mica and whole rock
pattern found by BOCCI~IO et al., 1981, was
initially ascribed to the presence of two
distinct events: a Caledonian and a Hercynian
metamorphism. This interpretation has never
been shared by other workers and is no
longer held by the authors themselves (MOT·
TANA et al.. 1985), who now attribute the
younger ages to a late-Triassic metamorphic
event.



RADiOMETRIC GEOCHRONOLOGY OF CENTRAl. ALPS HI

V-Ph mineral ages
U-Pb zircon and monazite ages both on

para- and ortho·gneisses have made a very
important contribution to reconstruction of
the geological history. They have also been a
source of confusion, since the «transformist»
interpretation of the graniric gneisscs 'IS

granitized rocks (<< Orthogneis Typus »,
REINHARD, 1964), led authors to confuse
intrusion ages with metamorphic ages.

If we separate para- from ortho-meta
morphic rocks we find the following di
stribution:

1 . U·Pb zircon ages of paragneisses are
all discordant, with an upper intercept
between 1900 and 2500 m.y., and a lower
intercept between 400 and 500 m.y. (except
in the Ivrea·Verbano Zone, about 300 m.y.).

2 - V·Pb zircon ages of orthogneisses are
all concordant or nearly so around a value
of 420-465 m.y.

3 V-Pb monazite ages of paragneisses
are concordant in the Ivrea-Vetbano Zone
around a value of 275 m.y.; a granitic gneiss,
with post-kinematic mobilization near the
contact between Strona-Ceneri and Ivtea
Verbano in Valle Strona di Omegna, also
contains a monazite with concordant age of
275 m.y. (KOPPEL, 1974).

4 . A U-Pb concordant monazite age of
450 m.y. was obtained by KOPPEL & GRO
NENFELDER (1971) on a paragneiss (Ceneri
gneiss) of the Strona Ceneri Zone occurring
at Pome Casletto (VaIle S. Bernardino).

Particular problems have been encountered
in the U-Pb zircon dating of the «Gneiss
Chiari» of the Val Colla Zone, a leuco
cratic coarse grained gneiss that seems to
form the uppermost horizon of the meta
morphic basement of the Southern Alps. The
«Gneiss Chiari» have been interpreted as
metaarkose (EL TAHLAWI, 1965), migma
lites (LIBORIO & MOTTANA, 1971; KOPPEL
& GRONENFELDER, 1971), and -metarhyolites
(BOR1ANI & CoLOMBO, 1979); their zircons
give highly discordant ages (KOPPEL & GRU
NENFELDER, 1971), ranging from 140 to
580 m.y .. The problem of their age is still
open.

All these data were seen as evidence of
two melamorphisms (<< Caledonian» and
Hercynian, the former being cancelled in

the high-grade Ivrea-Verbano Zone). In view
of the initial error concerning the origin of
orthogneisses, however, there is very little
evidence of a significant « Caledonian» me
tamorphism. Concordant zircon ages clearly
date the intrusion of the Ordovician plutonic
rocks, whilst the interpretation of the lower
intercept of discordant zircons is far from
being universally accepted. Only the con
cordant monazite age of 450 m.y. of the
Cenerigneiss of Ponte Casletto seems to
indicate a real metamorphic event at that
time: why not a contact metamorphism
induced by an Ordovician intrusion? The
Cenerigneiss of Ponte Casletto is bordered
by an orthogneiss.

In view of the purpose of this paper,
mention must also be made of the very
different interpretation proposed by AL
Lf:GRE et al. (1974) for the discordant zircon
ages: using a multiepisodic model of lead
loss, they dated the source rocks of the
original sediments at about 2500 m.y., with
losses at 520-580 m.y. (Cadomian), 300 m.y.
(Hercynian) and 30 m.y. (Alpine).

Rh-Sr w.r. isochrons
Only two good isochrons are available

for the zone under consideration and bo~h

are on its westernmost p:Jrr. One isochron
(HUNZIKER & ZINGG, 1980) - on the para
gnelsses of the Ivrea-Verbano Zone 
indicates isotopic homogeneization at 478±
20 m.y. (i.r. = 0.7086). Since generalized
degranitization through partial mehing is
assumed, it is regarded as dating the climax
of metamorphism and not the first weak
metamorphic episode. The conclusion is thus
drawn that the Ivrea-Verbano zone under
went a strong « Caledonian» metamorphism
and then cooled down slowly through the
Upper Paleozoic without a real Hercynian
disturbance.

The other isochron was obtained by
BORIANI et al. (1982-83) on the « Serie dei
Laghi» orthogneisses, and gave' an age of
466 ± 5 m.y. (i.r. = 0.7087). The most
obvious interpretalion is that this age records
the intrusion of the tonalites, granodiorites
and granites from which the orthogneisses
derived; ZINGG (1983) suggests it may
represent the age of the metamorphism of
the orthogneisses, even though many iso
chrons {see for example: BORSI et al., 1973-
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1980) dearly demonstrate Ordovlclan mag
matism in the analogous Austroalpine
domain.

Reference must also be made to the iso
chron obtained by HAMET &< ALBAREDE
(1973), from five samples of Strona-Ceneri
paragneisses: 555 m.y. (543 with A. = 1.42)
and an i.T. = 0.713 (errors not quoted),
indicative of a significant Cadomian event.
The meaning of this isochron is discussed
by HUNZlKER & ZINGG (1980) who suggest
that the size of the samples may have been
a source of error.

DEL MORO (pers. corn.) obtained a pre
liminary reference isochron of 459 ± 66 m.y.
on the .. Scisti di &1010 •.

As can be seen, the Rh-Sr isochrons
on paragneisses point ro a .. Caledonian ...
metamorphic event. 1be intensity of that
event, however, is still matter of speculation.
In our opinion, there is much geological and
petrographical evidence of a significant
Hercynian diastrophism and metamorphism;
the cCaledonian. w.r. isochrons may reflect
a weak, petrographically undetectable, re
gional metamorphism, or even a thermal
event connected with the Ordovidan
magmatism.

A very inleresting attempt to estimate the
maximum age of deposition of the sediments
from which the Ivrea-Verbano paragneisses
derived has been made by HUNZIKER &

ZINGG (1980). Extrapolation of the Sr
isotopic ratio on a combined Compston/
Jeffery/Nicolaysen diagram, gave a maximum
age of 700 m.y.. The upper inlercept of the
discordant zircons indicated 1900·2500 m.y.
for the very old continental crust that was
the source of the sediments deposited over
an unknown continental substratum in the
Late-Precambrian or in the Cambro-Ordo
VIClan.

The source area cannot be identified. It
must have been in either the North Euro
pean or the African shield.

Turning to the Ordovidan magma, BoRIA
NI et a!' (I 982-83) maintain that the initial
Sr ratio of 0.7087 reflects its crustal origin,
though hornblende -bearing orthogneisses,
plaiting below the isochron, point to a deeper
origin. HUNZIKER & ZINGG (1980) had pro
posed a connection between c degranitiza
uon ... of the granulite facies Ivtea-Verbano
zone and the origin of these orthogneisses.

ZINGG (1983) now admits that this is not
possible in the light of K6pPEL & SCHROLL'S
(I 983) new data on the isoropic composition
of Pb in the two formations.

1.2. SYN-, POST-METAMORPHIC MAGMATIC
ROCKS OF THE SoUTHALPINE

The Southalpine basement contains small
and large bodies of intrusive rocks and is
overlain by Permian rhyolitic volC1lnites.

The oldest intrusive body seems to be that
of the Ivrea Zone; it consists of a layecm
basic complex intruded into high-grade pat":l
gne.isses and marbles, and of minor ma6c
bodies (of debated origin) interlayered in the
same country rocks; the igneous rocks show
textures and parageneses fully or partly
re-equiJibrated at granulite fades conditions.

Intrusion of the Ivrea body is seen by
HUNZlKER & ZINGG (1980) as the cause of
high-grade metamorphism, whereas GARUTl
et a!' (1980) suggest that it occurred after the
regional metamorphic peak. Unfortunately,
no direct isotopic age measurements are
available for the mafic rocks.

GRAESER & HUNZIKER (1968) obtaIned
an iSQChron of about 310 m.y. (338±41 m.y.,
i.T. = 0.7128, recalculated by HUNZIKER &

ZINGG, 1980, for A. = 1.42) on paragneiss
bands near the contact with the Anzola
gabbro (Val d'Ossola) and concluded that
the maximum age fot the gabbro intrusion
was 300 m.y.. HUNZlKER & ZINGG (1980)
argue that all these bands, when taken
together as one big sample, plot on the
478 m.y. isochron of the paragneisses. This
corresponds to a change of mind: the 338
m.y. isochron is geologically meaningless and
solely determined by the size of the sample.

The intrusion becomes « Caledonian» and
its emplacement supplied the heat for the
high-grade metamorphism.

The presence of mantle-derived ultra
mafics in close relationship with the mafic
bodies (LENSCH, 1971; RIVALENTI et al.,
1975; GARUTI et al., 1980), may represent
a crust·mantle transition or emplacement of
mantle slabs in the lower continental cruSt.
The petrological data indicate that, if
emplaced, they were subsequently re
equilibrated at the granulite facies conditions.

The K-Ar phlogopite age of the phlogopite.
peridotite of Finero is 246 m.y. according
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to KRUMMENACHER t:t al. (I960) and 206±
9 m.y. according to HUNZIKER (I974). Horn
blendt: (same sour~). givo a mt:aningless
age of 1290 m.y., due !O excess argon
(HuNzIKER, 1974).

A Rh-Sr w.r. isochron (HUNZIKER &

ZINGG, 1982) on the same rock gives an age
of J05± 10 m.y. with an i.r. = 0.7062±
0.0005: this phlogopite-peridolile represt:nts
a contaminated mantle (see also CoLTORTI &

SIENA, 1984). By linear extrapolation of Sr
isotopic ratio values to Ihose of common
mantle peridotite of the Ivrea zone on a
combined CompstonjJefferyjNicolaysen dia
gram (HUNZIKER &: ZINGG, op. cit.), put the
age of contamination at 350±20 m.y ..

Tn their view, empla~ment occurr«! in
« Caledonian:. times and crustal conta
mination in Variscan limes owing to the
tectonic activity that uplifted the Ivrea·Ver·
bano Zone (see also ZINGG, 1983).

Geochronological study of the other,
mostly granidc, igneous rocks of the Southern
Alps has not raised any particular problems,
though their detailed dating is far from
being complete. The first real age deter.
minations were performed by JAGER & FAUI
(1959) on the granites of Baveno and Mon
torfano, who obtained a Rh-Sr age of abom
290 m.y. on biotite and K-feldspar and a
K-Ar age of about 260 m.y. on biotite. They
attributed the discordance to Ar loss du~

to weak metamorphism after their emplace
ment.

The late-Hercynian age of these: granites
was later confirmed by the V-Pb age meas!.!
rements on zircons performed by PA5TEELS
(1964) and by KOPPEL (1974).

In 1980, HUN"lIKER &: ZINGG published
a Rb·Sr w.r. isochron giving an age of
276± 5 m.y. with an i.r. = 0.7087 ±0.0009.
Another isochron published by HUNZIKER
(1974) on the Permian volcanites giving :,m
age of 269± I} m.y. wilh an i.r. = 0.710
was recalculated by HUNZtKER &: ZINGG
(1980) for A. = 1.42 in 280 ± 5 and an
i.r. = 0.7071 ±O.OOI}. Plutonites plus vol
(anites define an isochron of 218± 3 m.\'.
with an i.r. = 0.7082 ±0.0007. .

The six samples from which the granile
isochron was oblained are from Camponi
(Val d'Ossola) granodiorile, Roccapiclr;l
(Valsesia) granodiorite, the pink, alkali
granire of Ba\'cno (IWO samplcs), the while

calcalkalinc granire of Montorfano and a
similar rock from Alzo (Lake Ona). Recent
studies (BoRIANI et aL, in preparation) show
thar the Camponi granodiorite belongs 10 the
earlier cycle of the lare-to-post-Hercynian
magmatism, a stage that wc can define as
lale-orogenic and pre-upli£t: calcalkalinc
basic-ta-intermediate magma was intruded at
rhe border berween the Ivrea-Verbano and
Strona-Ceneri Zones, inducing anatectic
melting of Srrona-Ceneri gneisses (evidence
of the deep-seated environment of the
intrusion; see also BoRIANI t:t al., 1977).

The Motlarone-Baveno, Montorfano and
Alzo-Roccapietra granites belong to the
second, post-uplift cycle and were emplaced
as a batholith formed by many plutons
intruded by a muhiepisode cauldron suh
siden~ mechanism. A detailed survey,
including geochronological and isotope
geology studies, is now under way or
planned to distinguish intrusions of different
ages and sources.

1.3. AUSTROALPINE BASEMENT (E OF BEL
LINZONA)

The chronological picture of the Austro
alpine basement is much less clear. The
reason is very simple: age dererminations
have been mainly concentrared on Alpine
and pre-Alpine formations. The Austroalpine
rocks bear a fundamental pre-Alpine imprint,
but were mort: or less weakly overprinted
by tbe Alpine metamorphism and this caused
a loss of radiogenic isotopes. In other
respect, their main metamorphic and igneous
events, and the lithological chAracters are
very similar to those of rhe Southalpine
basement. This similarity was not always
clear and rhe age attribulions of the recent
geological maps of Valtellina need substantial
correction in the light of the new evidence.

Rh-SI' and K-Ar mineral /lg~J

The only published mineral ages for the
metamorphic rocks are those of HANSON et
al. (1966) for a pegmatite of Valle Grosina
(Sondrio): the muscovire gives a Rh-Sr age
of 252 m.y. and a K-Ar age of 217 ± 11 m.y..
This pegmatire had previously been con
sidered Alpine by KONIG (1964). Al that
time, the age of pegmatite dykes was re
garded as indepcndenl of metllmorphism.
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The Valle Grosinn pegmatites, as well as
all the «pegmatite fields. conneCted with
the transition between medium. and high.
grade metamorphism, are now seen as the
product of partial melting of muscovite +
plagioclase + quartz under hydrous con
ditions (BaRIANI, 1982·83). The muscovite
age thus reflects the cooling history after
the metamorphic peak, if the region did
nOl suffer a later metamorphic event.

U-Pb mineral ages
Only one measurement has so far been

published (even if we are aware that many
exist in the drawers of some prudent geo
chronologists); a U-Pb zircon determination
(GRAUERT et al., 1973) on a paragneiss from
the contact aureole of the Sondalo basic
pluton of Northern Valtellina. The ages are
discordant; the upper intercept is about
2050 m.y. and the lower intercept about
400 m.y.. They are similar to those obtained
by the same authors on the Ausuoalpine
quartzites of Val Martello and Landeck, as
well as those for the Silvretta Nappe and
the Southalpine basement.

1.4. MAGMATIC ROCKS OF THE Ausno
ALPINE

In contrast with the almost constant late
Hercynian age of the plutonic rocks of the
Southern Alps (the exceptions are the Ada
mello pluton and the small stock of Mia
gliano-Biella), the Austroalpine intrusives
belong to either the pre-Alpine or the Alpine
magmatic cycles. Each magmatic body must
be studied in detail geochronologically and
geologically. The best evidence is given by
the sequence of the metamorphic events: if
the Alpine regional metamorphism overprin.ts
both the intrusive and the country rocks,
the intrusion is pre-Alpine; if the contact
metamorphism overprints the Alpine regional
metamorphism, the intrusion is late· or post
Alpine.

The Rh-Sr muscovite age of the sma!!
granite bodies of the Upper and Medium
Austroalpine Nappes of Vahellina (show
ing greenschisdacies Alpine overprint) is
between 259 and 282 m.y., while biotite
gives very variable younger ages (224-78
m.y.) (DEL MORO et aI., 1982-83; BaRfANI

et al., 1982-83). This pattern dearly reflects
the lower blocking temperature of the
biotite Rb-Sf system, which may have been
re-opened by the Alpine mCtamorphism,
resulting in a variable loss of radiogenic Sr,
mostly in this mineral.

Only one Rh-Sr biotite age measurement
has been performed on the Sondalo basic
pluron (242±4 m.y., pers. corn. from DEL
MORO, NOTARPIETRO and POTENZA).

Pb-a zircon ages of 295-260 m.y. were
obtained by BUCHS et al. (1962) on the
Bernina intrusive rocks. A V·Pb zircon age
of 305 ± 10 m.y., performed by Crunen
felder on a Bernina granite, is cited by
RAGETH (1984).

A reference isoc:hron of about 285 m.y.
has been published by BOIU,ANt et al. (1982
83) for the Brusio granite.

The radiometric ages of the AuStroalpine
basement of untral Alps (E of Bellinzona)
are enough to show that the pre-Alpine
evolution is the same as that of the South
alpine basement. The presence of Permian
volcanic rocks in the Bernina group and the
few age determinations also suggest that
the post·Hercynian igneous activity was
similar, though the age and the genctic
relationships between the basic and acidic
igneous rocks are nOt yet fully understood.

The Alpine metamorphism induced a
grade-dependent loss of radiogenic isotopes;
since it was retrogressive, the loss is strictly
related 10 the fluid circulation and hence
the degree of Eo-Alpine tectonization.

2. Prealpine and AII)ine hi!lory of (he
Pcnnidic domain

In the Western Alps the Ossola Valley
I.s. is one of the most studied geologiclll
sections since the past centuty, because of
the complete exposure of Pennidic Units.

All the lower and upper nappes are over
thrusted on the deepest, probably autoch·
thonous, element, Le. the Verampio «granite.
in the Antigorio Valley. In Tessin there is
another corresponding axial culmination.
Here the deepest Unit is the Leventina
gneiss. Between these tWO culminations,
there is a synform structure running NS
with the Maggia Querzone in the core and
hence no cominuity between the two areas.
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In the Ossola-Antigorio Valley, the
ascending lower Pennidic Units are: Anti
gorio, Lebendun and Monte Leone nappes_
The Antigorio nappe is separated from the
Verampio «granite» by the «Scisti di Ba
ceno », a complex of merapelitic rocks with
minor marble intercalations.

It mostly consists of granitic onhogneisses
with different degrees of deformation, minor
paragneisses and rare mesozoic sedimentary
sequences occurring as smaU «klippen. (e.g.
Monte Forno, Antigorio VaUey).

The Monte Leone nappe, too, mostly
consists of granitic orthogneisses with a very
typical banded texture recalling ~ texture
of primary rhyolitic volcanites.

The Lebendun Unit ne-ecls special at
tention. It is probably not a classic nappe
because it appears to have no root zone.
I t may be a flake of Perma.Carooniferous
and Mesozoic cover from the north (ultra
helvetic?) and wedged between the Antiga.
rio and Monte Leone nappes. Its lithological
association is strictly analogous to that of
the « Bedretlo synform • separsting the Pen
nidic Units from the parautochthonous Aar
Gotthard Massif. The series includes a very
characteristic horizon on the bottom of
Jurassic « Biindnerschiefer • (represented by
« Quartenschiefer. or «. Garbenschiefer .)
and begins wirh conglomeraric rocks contain
ing pebbles of granitic orthogneisses. These
have been given Rb-Sr and K-Ar dares.

The upper Pennidic Units consist of the
Monte Rosa nappe and the Moncucco-Orse
lina-Isorno Series. To the east of Ossola
Valley only the vertical southern zone of the
Monte Rosa nappe occurs. Known as Monte
Rosa Zone, it is separated from the Mon
cucco Series 1.s. by a thin horizon of serpen
tinites and metabasites (Antrona synform
granitic orthogneisses (quartz, megacrysts of
«roor zone It auct.) and mostly consists of
K-feldspar, plagioclase, muscovite/phengite,
biotite) and rare paragneisses; these may be
the primary basement intruded by granites.
The orthogneisses show £laser texture along
the border of the mass and augen texture
internally.

The Moncucco-Orselina-Isorno Series is an
« anomalous. element when compared with
the other Pennidic Units. It mostly consists
of banded paragneisses I.s. and amphibolitic

paragneisses, with minot orthogneisses, am
phibolites and rare serpentinites. The ortha.
gneisses occur in continuous, but rather thin
horizons. The Moncucco Series I.s. can be
related to the S. Bernardo nappe because
of its lithological composition. To the west
of the Ossola Valley, at the southern border
of the Moncucco Series, there is a thick mass
of augengneisses with megacrysts of K
feldspar (Camughera gneisses). This was once
regarded as connected to the Moncucco Se
ries; but it shows clear microtextural and
structural analogies with the gneisses of
the Monte Rosa nappe. The preliminary
radiometric data also substantiate the strong
analogy between the Camughera and Monte
Rosa gneisses and raise the same evolutionary
problems. The Camughera gneiss is separated
from the Moncucco Series I.s. by a thin
and discontinuous horizon of metarhyolites,
quartzites and marbles, which may be Per
morriassic (primary sedimentary cover?).

In the core of a synform structure in this
Series there is a very problematic Unit: the
so-caUed Pioda di Crana Zone. This tectonic
element consists of a large, rather homoge
neous c slab. of granitic banded gneisses,
formerly correlated with the Antigorio nappe.
Because of its strongly banded texture and
its mineralogical composition it may be of
volcanic or volcana.sedimentary origin. Ma.
reover it can probably be correlated with the
Monte Leone rather than the Amigorio
nappe.

In Tessin, the Simano nappe overlies the
Levemina gneisses at the same structural
level as the Antigorio nappe. It mostly con
sists of orthogneisses. The uppermost nappe,
the Maggia nappe, seems to be analogous
to the Moncucco Series I.s. lithologically, but
is not directly connected with it.

In Alpine age, all the Simplon-Tessin area
underwent a metamorphic event of medium
to high grade from west to east, which
almost completely obliterated the older meta
morphic features. The tectonic Units are all
within the staurolite isograde; to the east,
there is a transition from staurolite to
kyanite and to sillimanite. Sillimanite ap
pears in the eastern Vigezzo vaUey and
coincides with the occurrence of unmeta
morphosed pegmatites. These are more
frequent in Tessin near Locarno and Bellin-
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zona, which is right in the thermal core of
the Lepontinc dome.

In the Pennidic Units of the Western Alps
the radiometric darings Hre mostly for orlho
gneisses. Few pegmatites and paragneisses
have been studied. There are also Rb-Sf
whole rock isochrons. The methods mOst
used arc Rh-Sr and K-Ar on biotite and
muscovitc/phengite. There are few V-Ph
data on zircons and monazites and very
few on the apatite fission track.

The geological setting described is based
on several notes and maps, mainly STEINER

([984 a), BIGIOGGERO et al. (1980), TRUMPY
(1980a, bl, CARTA T£TTONICA DELLA SVIZ

ZERA (1980), CARTA GEOLOGICA DELLA

$VIZZERA (1980), KLEIN (1978), BaCQUET

et al. (1973·74).

2.1. LOWER P£NNlDIC UNITS

Rb-Sr and K-Ar ages
There are only ages on biotite and musco

vite/phengite from Verampio, Antigorio and
Monte Leone orthogneisses; in the Lehen
dun Series there are ages on micas from
psammitic gneisses and their embedded
orthogneiss pebbles,

The data are nOt problematic: in the
Ossola area Rh-Sr ages on hiotite and K/ Ar
ages on biotite and muscovite (blockin3
temperature around 300" Cl are relatively
concordant between 12-14 m,y. (JAGER et al.,
1967; PURDY & .lAGER, 1976); Rb/Sr agc~.

on muscovite/phengite (blocking tempera
ture = 5000 C) are a little more variable
between 16 and 20 m.y .. They are regarded
as cooling ages postdating the Lepomine
thermal peak 08 m.y. ' HUNZIKER, 1970,
1974; .lAGER, 1973) und arc undoubtedly thl::
youngest ages Rh-Sr and K-Ar in the Ossob
Tessin area.

The Verampio, Antigorio and Monte
Leone orthogneisses outcrop in a north
western, rather external, zone of the Lepon
tine dome, and their ages point to later
uplifting compared with more internal zo
nes. The Antigorio orthogneisses in Tessin
show slightly different ·ages. The few data
(for biotite only) give ages around 14·16
m.y., i.e. an earlier uplift compared with th~

Ossola area. STEIGEIl ,lOd BUCHEIl (in Kop
PEL & GKi.iNENFELDER, 1980) regard the
Rb-Sr biotite ~ges of the cross-biotite bearing

rocks from the southern Gonhard Massif
(16-15 m.y.) us crystallization ages cor
responding to the last phase of prograde
alpine metamorphism. This, however, would
postdate the intrusion of the tertiary grani
roid rocks: this is not true in the Bergell
intrusion since its contact meramorphic
aureola overprints regional metamorphism.

The Rh-Sr and K·Ar ages for the Lebendun
gneisses agree with those of the Antigorio
and Monte Leone gneisses. The micas of the
orthogneiss pebbles embedded in conglome
ratic gneisses also have alpine ages indicative
of complete reequiJibration of the Rb-Sr and
K-Ar system. The Lebendun Unit, like
the other lower Pcnnidie Vnits, is well
within the staurolite isograd. Persistence ar
T >' 5000 C for a long time may explain
the complete rehomogeneization of the iso
topic systems as evidenced by the very young
cooling ages.

V-Pb ages
Here, 'roo, the data are confined to zircons

and monazites of orthogneisses (ALLEGRE
et aI., 1974; KOI'PEL et al., 1980). The V-Pb
ages on zircons do not reflect the alpine
event; all are older, between 100 and 250
m.y., except LEB 2 (300-450 m.y.) and
SIM 1 (450-500 m.y.). The ~o7PbFooPb age..
are always higher than the V-Pb ages:
according to KOPPEL et al. (1980), this is
due to uncertainty of the common Pb cor
rectioD, the radioactive disequilibria at the
time of crvstallization and to analytical
errors. As t'he Alpine event is undeniable,
it is clear that the V-Pb ages reflect a drastic
lead loss during posr-Hercynian times, Even
though the V-Pb "System on zircons is
resistent to complete resetting due to meta
morphic events, the Alpine event can have
partially opened it·. The V-Pb ages for the
lower Pennidic orthogneisses thus fail to
give a complete account for their prealpine
history. On the basis of the upper intercept
llges < 340 m.y. on the concordia curve, the
Verampio, Antigorio' and Leventina ortho
gneisses are interpreted as Hercynian granites.
In Tessin, the Simano gneiss, though similar
to the Antigorio, is much older, suggesting
Caledonian intrusion age or drastic resetting
around 450 m.y. due to anatexis of sedi
mentary rocks: 10 this case, the zircons
would be inherited. The old age of LEB 2
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(augengneiss pebble: in metaconglomerate)
seems to be its intrusion age or further
evidence of drastic resetting around 450 m.y.

On the large scale, a relationship is
noticeable between V-Pb zircon age and
alpine metamorphism intensity (ALLEGRE et
al., 1974): the younger the age, the higher
the intensity. The Simplon Units are younger
than the Silvretta nappe (Austroalpine do·
main) or the Gotthard Massif. On a smllll
scale, this is not true. In Tessin, the Maggia
gneisses are older than those of the Ossola
area, though the intensity of the Alpine
metamorphism was higher.

Only the monazites of the Maggia and
Simano nappes (Tessin) have been dated
with U.Pb and Ph·Pb methods (KOPPEL et
al., 1980). The ages around 22 m.y. are seen
as formation ages of the monazites during
the Alpine event, whereas for HUNZIKER &:

JAGER they are cooling ages (blocking tern·
perature = 5300 Cl. Furthermore, according
to KOPPEL et al. (1980), the age of 22 m.y.
would indicate the end of the medium.grade
conditions, owing to the absence of mona
zites in low grade rocks.

The older ages between 200 and 300 m.y.
are more problematic. They may be mixed
ages due to partial opening of the U.Pb
system in the Alpine time or 10 the presence
of two populations of monazites.

2.2. UPPER PENNIDlC UNITS

Rb-Sr and K-A, ages
In the upper Pennidic domain, too, dating

has been vinually confined CO onhogneisses
in the Moncucco·Orse1ina·lsorno Series and
in the Monte Rosa nappe (BIGIOGGERO et al.,
1982·83; PURDY & JAGER, 1976; JAGER et al.,
1967; FERRARA et al., 1962; FREY et al.,
1976; HUNZIKER, 1970, 1969).

The Rb·Sr whole rock isochron on eight
onhogneisses of the Moncucco Series I.s.
gives an age of 271.6±4.8 m.y. with an
initial isotopic strontium ratio of 0.712±
0.0004 (BIGIOGGERO et al., 1982·83). This
is regarded as the intrusion age of granites
in late-Hercynian time. The strontium ratio
points to crustal genesis of the melt. These
onhogneisses are thus late-Hercynian gra·
nites that underwent the alpine meta·
morphism.

The Rb·Sr and K·Ar ages for biotites
and muscovites are cooling ages postdating
the thermal Lepontine peak. The Rb·Sr
biotite and K·Ar muscovite data are homo·
geneous, whereas the Rb·Sr muscovite data
range between 25 and 29 m.y., probably
due to imperfect correction for the common
strontium. The Rb-Sr muscovite isochron
gives 36.9± 1.7 m.y. (BIGIOGGERO et al.,
1982·83) in agreement with the Lepontine
metamorphic phase: the strontium i.r.
(0.7162±0.0029) indicates that the musco·
vites are pre·alpine and recrystallized during
the alpine event. The Rb·Sr and K·Ar ages
for micas of some paragneisses in this Series,
also agree with those of the onhogneisses
(JAGER et aI., 1967).

The data from some pegmatite samples
are more problematic (JAGER et al., 1967;
FERRARA et aI., 1962). On one hand, there
is a single Rh-Sr biotite age (25.9 ± 5.4 m.y.)
that is a little higher than those of the
onhogneisses, but still an alpine cooling age;
on the other hand, there are some Rb·Sr
muscovite ages either around 25 m.y. or
200 m.y. (Montescheno, I Mondei Quarry 
Antrona Valley). The latter may correspond
to the intrusion age. Triassic pegmatites are
unknown in the Central Alps; however, the
presence of old ages in a zone within the
staurolite isograd where the temperature was
> 500" C requires explanation. Since the
oldest ages were found in coarse grained mu·
scovites, it may be that they have much bet·
ter Sr retention and that the pegmatites un·
derwent a temperature >500"C for a relati
vely short time. The age of 37 m.y., in fact,
was obtained from a muscovite isochron.
Moreover, the sampling area is quite near
the clorithoid-out-staurolite·in isograd, in
the western part of the Lepontine dome:
the temperature may not have been uniform
everywhere.

Old Rb·Sr ages (around 200 m.y.) have
also been found on muscovite of the Camu·
ghera otthogneisses occurring in. the middle
and upper Antrona Valley (data in press):
this area is nearer to the c1orithoid zone
bur still within the staurolite isograd. The
Camughera gneisses show isotopic disequili.
bria similar to those of the Monte Rosa
gneisses. The latter have an age of :HO±
50 m.y. obtained with the Rb-Sr isochron
method on whole rock (Sr i.r. = 0.712 ±
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0.007). This age is interpreted as the for
mation age of granite. Another isochron on
more gneissic onhogneisses gives an age of
260±10 m.y. with Se i.r. = O.71J±O.OO4.
HUNZIKER (1970), FREY et al. (1976) con
sider this age as due to a late-metamorphic
phase of the Hercynian evem. However.
there is no large scale evidence of the Per
mian metamorphism in the Alps.

Apatite Fission Track - Lower and Upper
Pennidic Units

Few data are available. The apatite fission
track (FT) ages are cooling ages (WAGNER

Cl al., 1977) when the rock temperature
was 120 ± 20"C during the post-metamorphic
cooling process (WAGNER & REIMER, 1972).

The apatite FT ages increase with altitude
in the same area. In the Central Alps, the
Gotthard and Ossola area show the youngest
ages « .5 m.y.) and were therefore uplifted
later than other more easterly zones. On a
small scale, the upper Pennidic Units seem
to have been uplifted earlier than the lower
Units.

Moreover the apatite FT and Rh-Sr ages
have been used by WAGNER et al. (1977) to
calculate the uplift rate of the Lepontine
dome, assuming 300 C/Km as geothermal
gradient. Generally speaking, the eastern
zones have generally decreased their uplift
rate, while the western areas have increased
it. On a small scale, the lower Pennidic
Units in Ossola accelerated their uplift rate
from 0.7 to I.l mm/y. about 3 m.y. a.
and the upper Units ftom 0.3 to 0.7 mm/y.
ahout 6 m.y. B., whereas in Tessin the uplift
rate decreased from 1.3 to 0.4 mm/y. about
20 m.y. a..

3. P08t-eollillional Alpine magmati8m

3.1. ADAMELLO

The Adamello pluton, the largest Alpine
igneous body of Alpidic age, lies at the
intersection of twO late-Alpine fundamental
tectOnic lineaments, i.e. the Tonale and the
Giudicarie faults. Its Tertiary age was de
duced from [he geological evidence (CoR
NELlUS, 1928; BIANCHI & DAL PtAZ, 1937)
and has been radiometrically demonstrated
by FERRARA (1962), BoUI et al. (1966),

BoRSI et al. (1977), DEL MORO et aI.,
(1983 a).

The plulOn was intruded discordantly into
the Southalpine basement and its Permo
Mesozoic cover after the compressive phase
responsible for the large E-W folds imme
diately W of the massif. 1be age of this
folding is not precisdy known. 1be youngest
intruded terrain is the Dolomia principa/e
of Carnian-Norian age (BRACK, 1983). 11le
basement consist of metaseclimentarv rocks
showing pre-Alpine metamorphism ~f chlo
ritoid and staurolite grade followed by a
retrogressive overprint in which the contact
metamorphism generated new biotite, anda
lusite, cordierite and sillimanite, in order of
increasing temperature (BoRIANI & GlOBal,
1982-83).

Emplacement seems to have taken place
through successive inputs of analogous
magma associations (gabbro, tonalite, grana
diorite, quartzdiorite) starting from the south
(M. Re di Castello) 42 m.y. a. and ending
29 m.y. a. in the northeastern sector (M. Pre
sanella) (DEL MORO et aI., 1983 a).

The geochemical, petrological and textural
chaf3cters of the Adamello pluton permit
its division into 6ve units:

1 ~ Re di Castello (gabbro, tonalite, gf3no
diorite);

2 Adamello (gabbro, tonalite, leucotona·
lite);

3 Avio (biotite-tonalite);
4 Corno Alto (trondhjemite);
.5 Presanella (hornblende-lOnalite and bio

tite-tonalite).

Each unit displays basic to acidic magmatic
fractionation particularly evident in the Re
di Castello Unit. The five units share a dear
genetic link: evolution of the same primary
calcalkaline basic magma through fractional
crystallization and assimilation of crustal
material (DEL MORO et al., 1983 b; MACERA
et aI., 1983).

The first age measurements on this massif
were performed by FERRARA (1962) with the
Rh-Sr method on a very limited number of
samples from the main pluton and lhe
Sostino stock. The ages range from 33 m.y.
to 4.5 m.y. (table 13 a). BoRSI et al. (1966)
determined Rb-Sr and K-Ar ages of 31 and
30 m.y. on samples from Como Alto, i.e.
the Corno Alto rocks appear 10 be younger
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than most of the ton;llites in the res! of the
m~H;sif (tables 13, U a).

Further Rb-Sr and K·Ar radiometric
analyses presented by BaRSI et at. (1977)
at the 5th ECOG in Pisa showed decreasing
ages from SW to NE, i.e. from the more
basic rocks of M. Re di Castello to the
granodiorites-lOnalites of Presanella in a
range between 52 and 29 m.v .. BORSI et a!.
(1977) see this as evidence that the pIu ton
formed through a polyphasic magma gene·
ration in a layered crust, beginning in the
deep crust and continuing at a shallower
level.

The most recenl K·Ar and Rb-Sr age
measuremenls on micas and amphiboles from
Adamello were presented hy D£L MORO et
al. (1983 a) at the Padua meeting of the Soc.
Geo!. Italiana (proceedings in press). They
corroborate the pattern revealed by BORSI
et al. (1977). Nevertheless, more complete
sampling and improved analytical techniques
have allowed DEL MORO et al. (1983 a) to
assign more precise ages to each Unit. There
is a general decrease from 42 m.y. (Re di
Castello leucoquartzdiorites) to 29 m.y. (Pre.
sanella granodiotites) in the NE part of the
massif (tables 13, 13 a). The Corno Alto and
Sostino Units, also in the NE sector, depart
from this sequence, since their Rb·Sr musco.
vite age of 41-42 m.y. is comparable to thllt
of the M. Re di Castello leucoquartzdiotites.

VILLA (1983) has petformed K-Ar and
~OAtp~Ar determinations on amphiboles
from the gabbros occurring at the margin of
main units (table L3); the age of M. Mauoni
gabbto (the most southerly Unit) is between
49 and 42 m.y., that of the M. Blumone
gabbro is 41.7 m.y., and that of the M. Mar
ser gabbro is 37 m.y. (max. age).

DEL MORO et al. (t 983 a) have inlerpreted
these ages as intrusion ages. Intrusion w-as
followed by rapid cooling, except that the
Corno Alto and Sostino bodies cooled much
more slowly owing to their different intrusion
history. According to these amhors, the age
decrease from SW to NE of the piu ton can
be atuibuted to a magma source migration,
or 10 northward migration of the fractured
zones trough which the magma raised up.

One of the more difficult problems in
the Adamello geochronology is that of the
discordant ages given by.the same method
for different minen.ls. In panicular, the K-At

age of the amphibole is often older than
that of the micas. Comparison of the K-Ar
and the "uArj'i\!Ar results reveals that the
discordance is due to Ar excess in the am
phibole. This is attributed by VILLA (1983)
to assimilation of the crystalline basement.
Since the ~"Arr"At method does nOt always
reveal the amount of the excess argon, the
ages must be considered as max. ages.

Summing up, geochronological study of
the Adamello plulOn has contributed much
to its geological teconstruction. According
to DEL MORO et a1. (1983 a, b), the intrusion
sequence is accompanied by a regular increase
in the initial ~7SrrOSr as well as the
ISO/ 160, due to an increase in crustal assi
milation with time. Northward migtation of
the intrusive activity towards the Insubric
line was a consequence of the extensional
tectonics, that followed the compressional
regime of the Alpine orogeny.

3.2. VAL MASINQ - VAL BREGAGLIA (OR
BERGELLER) MASSIF

North of the Insubric Line, at the con
fluence of Valtellina and Valle della Mera,
the Alpine units are intruded by a late
Oligocene calcalkaline igneous body of
predominantly tonalitic and granodioritic
composition that extends westwards in a long
tail, known as the «San lotio intrusion »;
the «Novate granite» or «San Fedelino
granite» is a two·mica leucogranite geogra
phically connected with the Val Masino
Val Bregaglia pluton, but may not be
genetically relaled to the other lithologies
(TROMMSDORF & NIEVERGELT, 1983).

The southern part of the massif is do
minated by hornblende-biotite tonalite (<< se
rizzo ») with minor ultramafic cumulates and
cumuJitic gabbros, while the northern and
cenrral parr consist of a younger, porphyritic
biorite-granodiorite (« ghiandone »).

The tonalite is almost concordant in the
southern patl. Here a true contact aureole
cannot be discerned and post-intrusion
plastic deformation gives the tona1ite a
vatiously pronounced gneissic fabric.

In the nonhern and eastern parts, cross
cutting is clear. There is a distinct contact
aureole and only brittle post-crystalline
deformation.
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These differences reflect a difference in
intrusion level. The depth of intrusion
increases from NE to SW by at leasl 8 Km.

The Val Masino - Val Bregaglia intrusion
is laler than the Lepomine regional mct:J.
morphism. In ils easternmost comact aureole,
NIEVERGELT & DIETRICH (1977), GAUTSCHl

& MONTRASIO (1978) and WENK (1980) have
found andesitic-basalric dykes that are
undeformed and crosscut the folded and
metamorphosed country rocks, but were
affected by contact metamorphism induced
by the tonolite intrusion.

The Alpine, post-nappe age of the intrusion
was demonstrated by CoRNELlUS (1913),
who observed that the pIu con crosscuts the
Alpine Nappe boundaries. A different inter
pretation was put forward by DRESCI"IER
KADEN (1940, 1969), ARTUS (1959), WENK
(1973, 1983) who attributed the Val Ma
sino - Val Bregaglia pluton to granitizatioD
of pre-existing rocks.

Boulders of tonalite are p~nt in the
«Como conglomerate., dated as Lower
Miocene by PFISTER (1921), Early Oligocene
by (ITA (1957) and Late Oligocene. Lower
Miocene by LoNOO (1968) and ROEGEL et al.
(1975).

ARM STRONG et al. (1966) performed Rb-Sr
and K-Ar age measurements on biotites of the
granodiorite, obtaining values of 24± 2.5 and
24.8± 1.5 m.y. respect (tables 14, 14 a).
JAGER & HUNZIKER (1969) measured a Rh-Sr
muscovite age of 35.5 m.y. and a biotite age
of 24 m.y. for the tonalite and granodiorite,
while for the .. Novate granite.,. they found
22-24 m.y. and 18 m.y.. This discordance
was ascribed to the time elapsed between
magma generation and intrusion. The most
recent age determination on the Val Masino
Val Bregaglia pluten are those of BoRS!
(Rb-Sr on biotite), though they have remained
unpublished owing to his untimely death.

GRUNENFELDER & STERN (1960) obtained
values of 25± 10 and 30± 10 m.y. with
U-Pb method on twO zircons from Albigna.
CHESSEX (1964) obtained values of 25±3
m.y. for the .. quartzmonzonite» of the
northern part and 32-33 m.y. for the .. dio
rite» of the southern part, using the radiation
damage method on zircons.

In 1973, GULSON & KROGH Rnalysed
zircons. mon37.ites and sphenes from tonalites,

and granodiorites and from the .. Novate
granite lO. The oldest apparent age (65 m.y.)
determined on the .. Novate granite» was
attributed to the presence of an inherited
lead component. From the concordant mOo
nazite age, and from the lower intercept of
a chord joining monazite, zircon and sphene.
those workers obtained an age of at least
30 m.y. for the granodiorite crystallization.
The intrusion postdates the piling up of
the nappes and the main Alpine metamor
phism. On comparing the V-Pb monazite and
Rh-Sr biotite ages for the same samples,
KOPPEL & GRUNENFELDER (1975) found that
monazite ages are always older: 30 m.y.
and 24.8±1.5 m.y. in the Val Masino-Val
Bregaglia granodiorite; 26.6 m.y. and 17.7±
1 m.y. in the « Novate granite ». According
to KOPPEL & GRUNENFELDER (1975) the
monazite ages of the Lepontine area do not
reflect its cooling history, but the crystal·
lization time under high grade metamorl?hk
conditions; the 30 m.y. monazite age of 'the
granodiorite also represents the time of
crystallization of the Val Masino - Val Bre
gaglia pluton, while the Rh-Sr biotite age
(25 m.y.) is a cooling age that fits in well
with the cooling pattern of the country
rocks \'U of the pluton.

GULSON (1973) could not find a Rh-Sr
w.r. isochron for the pluton and the Novate
stock because of the low Rb/Sr ratio (always
less than 1), and the young age of the
intrusion.

Some granodiorite, aplite and pegmatite
samples from the Val Masino· Val Bregaglia
rocks and Novate granite gave twO reference
lines at 65 ± 17 m.y. and 25 ± 80 m.y. resp.
(table 14 a).

Two age determinations on Bregaglia gr:mo
diorite and Novate granite performcd by
WAGNER et al. (1977, 1979), with apatite
FT, gave 13.5 m.y. and 11.2 m.y. respectively.
The importance of apatitc FT ages in intru
sive and metamorphic rocks, when compared
with mica Rb-Sr and mica K-Ar ages
(considered as cooling ages), is due to their
ability to exhibit the uplift history of a
region since the uplift rate is considered to
be proportional to the cooling rate (WAGNER
et al., 1977).

Later WAGNER et al. (1979) extended
their apatite FT age determinations in the
Val Masino - Val Bregaglia region and also
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dated the boulders of the Coma Conglome
rate from Ihe pluton. Their aim was 10

getermine the uplift history of the Bregaglia
region in comparison 10 that of the Cenlral
Alps and reassign the granilic boulders of
the conglomerate to their original vertical
position within the Bregaglia granodiorite
prior to erosion. Comparison between apatite
FT, mica Rb-Sr and mica K-Ar ages for
samples collected at different levels of the
Bregaglia region showed that the uplift rare
of the piu ton decreased with time. A similar
study of the boulders embedded in Late
Oligocene sedimenrs indicated that the body
from which they derive must hAve reached

the erosional surface between 24.5 and 22
m.y. ago.

According 10 WAGNER et aJ. (1979) the
boulders are derived from an higher, now
eroded, part of the p!uton, because their
apatite FT ages are older than those of the
granodiorite now outcropping in the Bre
gaglia region.

The original elevation of the top of the
Bregaglia intrusive body must have been
8 Km higher Ihan at presem.

Llvoro e5eguilo ndl'ambito dei programmi dd
G::ntro di Studio per I. Slratigrafia e la PetTOgnfia
delle Alpi Cenlrali del C.N.R. di Milano.
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K·Ar ages
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TABLE 1 (conlinlied)
K·Ar ages
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Rh-Sr ages
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TABLE 2 (continued)
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...
Rh-Sr ages
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Rb-Sr lIgr-s
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Rh-Sr ages
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TABLE J (conl;nued)
U·Pb ages
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TABLE J (continued)
U-Pb ages
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TABLE 3 (continued)
V·Ph ages
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0.1~1

....
62.2

".,
65.~

11.1

19.3

11.9

".,
16.9

".,
Ill.3

136.6

65.4

•••

'"
'",.
'""..,
m

'"
'"
'"'S31C

'".,

"
"
"
"
"
"
"
"
"
"
"
"
"
"

53·410._.

",
tot.,...,t.
)150._.

IS·SJo._.
IS·53 _.

53·41n._.

53·42 _.

«2 n._.
>410._.
> S3 _.

( 42 •.

'"
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,~~
~,

'"'
""'
""'
~,

~,

."."."
$l.IE/l
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''''ilnot..
{St"",.·c.•.,t)

"'eh.
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(V.I Collal

Qu.,"l"
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TABLE 3 (continued)

l)l.llppal I Grii"""f.ld., (1911); /1 G"oe't et .1. (1~1l)
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TABLE ) {rontinutd)
V·Pb ages
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TABLE 4 - FT ages
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CENTRAL PENN1DlC DOMAIN

"';H.AIIII'IO - U~VE"'TlNA G(\'''''ISSf;S

TASI.E 6 - K-Ar af.U
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TABLE 6. . Rb-Sr aft's
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0 H :. " " "
,.,.uu _00 0 m ..~ ••• 1.0/ It.t:. •. 1
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TABLE 6b . V·Pb ages

~.
.,"
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TABLE 6, . FT ages
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TABLE 7 - K-Ar ages
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TABLE 7. . Rh-S, ages
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",1It.o w. " N '.06S1 IS.' S.1I 11.3;Z.5
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TABLE 7b . V·Pb ages
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TABLE 7 c - FT ages
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LEBE{\'DUN SERIES

TABLE 8 - K-Ar I1gu

167
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TABLE Bb . V·Pb ages
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MONTE LEONE NAPpt'

TABLE 9 - K-Ar ages
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TABLE 9b . U·Pb ages

2:;:
G.-. "'. .... -. .'. -. .'.•.~ • 1.. ~1~ •• '0. .-<0- '- ... ... ",. ~.

~. ... .... ...... -...
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1) Allot... ot .1. (1~1.)

TABLE 9, . FT ages

•.- ~1~ •• 1io....'.l Sp.t...ch I.... t ...k. • _. AlIi_
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TABLE 10 - K-Ar ages
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I.t!
..

D '1.1 ~ 1.\• 1._.11
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TABLE 10 h - Rb-Sr ages
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0 '" 0.1l0 " ,." Ill< :. 5.5

0 ., 1.061 " US \911 .:. J

0 '" a.ll! '9.0 ,.. 25.1.:.1.1

'" 0.128 ••• 1.9/ Z'.6 .:. 1.0

0 ., 0.108 33.S ,., 25.6.:. 1.3 n./ :. I .,

• 88~?Sr ·6.'n

(Olsr!6Srl, .O.JO'il

, • I.U.
_11 _1" .

TABLE 10, . Rh-Sr ages

Ilo<k twe """ "",.rI.1 • " 815, "cl
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alotlU' .""ht " .. •• 13.1 .:: O.l O.(l\I' -' 0.019 0." 2S.'=.S.'

P_tH.. " 0 '" 3.18 .:. 0.0li O.'lO ... 0.011 0.6l ". ... 6.1
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TABLE 10 d - U-Ph og~J
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} rs •.•. "" m 'J.~ .U.§ x." 61.20 '" '" m ~

tS-~1oo... ,., 'M r,.' tll.' U.M u.x 'U '" m .,
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TABLE 11 - K-Ar ages
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TA8LE lib - Rb-Sr ages
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TABLE 12 - K-Ar ages
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TABLE 12, (confinul'd)
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.. ~ D.lll ... IS.6 a.8UO 306.) 2•.1.:. 0.8... ' .. D.US 55. ; ••• 0.I1S9 O.SU. ~.S.:. 1./.. .., O.r.oO '" l.ll D./la< 2.>6, H.!.:. 1.1

'-IN 401 • '" 0.100 .., 15.3 3••• .:. 2.6
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., O.OIJo1 41.05

fI ....9tol .... Alblt•
• 1' ....11 ... t"" Mlc.! ... I.. 'All S,. • '" O.4311 4/.1 0._3 ZZ.43

41c.1 if.ld.~'or-llllgo<l."'·

1,,,,,,,,lteg... l,, kAW \22 • 69.8 o.ns .6.3 0.002' 43.96



RADIOMETRIC GEOCHII.ONOLOGY OF CENTRAL ALPS
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TABLE 13 • K-Ar ages
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TABLE 14 - K-Ar ages
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.,

TABLE 14 a - Rb-S, ages
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TABLE 14, . FT ages
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