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Permian zircon U-Pb ages in the Gran Paradiso massif:
revisiting post-Variscan events in the Western Alps

Jean-Michel Bertrand1', Jean-Louis Paquette2 and François Guillot3

Abstract

In the Internal Western Alps, the Gran Paradiso massif is an eclogitic gneiss dome of Alpine age. It is largely
composed of porphyritic metagranites which have long been interpreted as Variscan intrusives in a pre-Variscan
basement. Strong deformation and metamorphism affected the entire massif during the Alpine orogeny. The present
study confirms earlier, preliminary results that suggested a mid-Permian age for some of the granitic protoliths, thus
postdating the last Variscan orogenic granitoids. We also extend that result to the bulk of the massif, from the top
contact near Bonneval (Arc valley, France) to the structurally deepest part in Noasca (Oreo valley, Italy). Six new U-
Pb age determinations were carried out on zircons (IDTIMS and SHRIMP) from four porphyritic orthogneisses and

two samples of host rocks with magmatic affinities. All ages are Permian, ranging from 264 to 277 Ma. The oldest ages
pertain to the Noasca granite, in the core of the dome, and to a massive gneiss (Bivacco Carpano) that belongs to the
main pre-granite metasedimentary and metavolcanic pile. Similar ages were obtained for granites and their host
rocks, suggesting that a large part of the Gran Paradiso dome consists of volcanics, volcano-clastic rocks and granites
of Permian age, rather than earlier Variscan assemblages. From their dominantly Permian protoliths, Gran Paradiso
and other Piemonte massifs (Monte Rosa and Dora Maira), which are part of the Internal Crystalline Massifs, are

very different in paleogeographic significance from the External Crystalline Massifs, which represent the European
basement, where Permian magmatism is sparse.The Piemonte basement massifs may represent the easternmost edge
of a Briançonnais - Grand-Saint-Bernard allochthonous terrane with more affinity to the Apulian basement than to
the European basement.

Keywords-. Gran Paradiso, zircon dating, protolith ages, Permian, paleogeography, pre-Alpine basement.

1. Introduction

Alpine geologists traditionally have favoured the
study of Mesozoic and Cenozoic rocks and events,
pertaining to the Alpine cycle. However, maps
and cross-sections of the Alpine belt show a
predominance of Paleozoic rocks (Michard and
Goffé, 2005). To fully decipher the structure and
history of such a polyorogenic belt, some knowledge

of the age of its basement protoliths is

required. Increasingly precise techniques for U-Pb
dating of zircon (Davis et al., 2003) have provided
a wealth of reliable protolith ages during the last
fifteen years. The present work is aimed at filling
an important gap among the deepest units of the

Alps, which have been studied more extensively
for their Alpine high-pressure metamorphism
than for the age of their protoliths.

In the Western Alps, the Internal Crystalline
Massifs (ICM) comprise, from W to E (Fig. 1), the
Briançonnais Grand-Saint-Bernard basement
massifs (GSB), the Piemonte massifs, namely the
eclogitic gneiss domes of Monte Rosa (MR),
Gran Paradiso (GP) and Dora Maira (DM),
which outcrop below the Liguria-Piemonte
„Schistes Lustrés" oceanic units (SL), and the
Sesia continental basement classically attributed
to the Austro-Alpine units derived from the

Apulian plate.
Gran Paradiso orthogneisses were previously

considered to derive from Variscan granitoids
(Bertrand, 1968, Callegari et al., 1969, Borghi et
al., 1994, Vearncombe, 1983) but Permian ages
have recently been reported for the westernmost
part of the massif (Bertrand et al., 2000b). The
main goal of the present study was to check if
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Fig. 1 Sketch map of the Gran Paradiso massif with sample locations. Map adapted front Bertrand (1968) and
Compagnoni et al. (1974). Inset: External Crystalline Massifs (ECM), crosses; Upper Carboniferous and Permian
series of „Zone Houillère" (ZH), circles; Grand-Saint-Bernard basement massifs (GSB), middle grey; oceanic units
with „Schistes Lustrés" (SL), tildes; other Mesozoic to Recent formations, white; Piemonte basements (MR: Monte
Rosa, GP: Gran Paradiso, DM: Dora Maira), dark grey; Ivrea Zone, pale grey. Previously published ages shown in
italics (Bertrand et al., 2000a,b; Guillot et al., 2002).

other orthogneisses occurring in the massif may
be older. After an overview of the geology of the
Gran Paradiso massif, this paper presents new U-
Pb data confirming the predominance of Permian
protoliths. In the discussion a short review of the
Permian paleogeography of the different tectonic
units of the internal Western Alps is attempted.

2. Geological setting

2.1. Rock-types and main structure of
the Gran Paradiso massif

Like Monte Rosa (MR) and Dora Maira (DM),
the Gran Paradiso (GP) massif corresponds to the
deepest structural level exposed in the Western
Alps. GP rocks experienced high-pressure meta-
morphic conditions estimated in the range 450-
550 °C/9-16 kbar (Brouwer et al., 2002 and
references therein). The GP massif is a dome defined
by the Alpine foliation and made up dominantly

(more than 60% in volume) of massive ortho-
gneisses (Fig. 1). In addition, the massif contains
metasediments with subordinate greenstones
preserving eclogitic assemblages (Compagnoni and
Lombardo, 1974; Dal Piaz and Lombardo, 1986;
Brouwer et al., 2002). On top of the dome,
discontinuous lenses of cover rocks comprise quartzites,
grey dolomite and banded marbles, the protoliths
of which have classically been considered Triassic
to Cretaceous in age (Elter, 1972). In the Valnon-
tey and Valeille valleys (VN and VL on Fig. 1),
tectonic windows - the Money window in Valnon-
tey - were recognized (Compagnoni et ah, 1974;
Ballèvre, 1988), based on the presence of a
conspicuous conglomerate horizon and of graphite
schists. At the western end of GP, the „série de
Bonneval" is a monotonous albite-phengite
gneiss unit, attributed to the Permian on the basis
of its felsic volcanic origin (Bertrand, 1968).

The Alpine foliation is penetrative in all rock
types. Figure 2 is a sketch of the massif, showing a
thick upper slab of orlhogneiss (forming the Gran
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Fig. 2 Sample location on a sketch section of the Gran Paradiso. Section inspired from Compagnoni et al. (1974)
and from mapping by one of the authors (JMB).

not to scale, approximate locations and structures

Paradiso summit), which tops a domain towards
the North where metasediments dominate (Val-
nontey, Valeille and Campiglia on Fig. 1). A lower
orthogneiss slab constitutes the lower slopes of the
Oreo valley, and the two slabs merge toward the
south where they form the huge 2300 m high wall
that terminates the Slura di Vallegrande valley. E-
W-trending Alpine folds are ubiquitous at all scales
in the metasediments, but the large folds shown in
the section are highly hypothetical. However, there
are some clues to support the assumption of large-
scale, north-verging, km-size folds. Firstly, a very
specific horizon of Mg-chloritoid and margarite
schists is known close to the top of the upper slab

near Bonneval, and similar rocks outcrop in a large
metasedimentary lens above Ceresole, in-between
the two slabs. Such „silvery micaschists" may either
represent metabauxites, or result from deformation

and metasomatism (Bertrand. 1968; Chopin.
1979; Dal Piaz and Lombardo, 1986; Ballèvre, 1988;
Delle Piane et al.,2002). Secondly, greenstones and

eclogites are mostly developed above the upper
orthogneiss slab (upper Vallegrande), and further
occurrences are mentioned in-between the two
main orthogneiss slabs (e.g. Telessio, cited by Dal
Piaz and Lombardo, 1986).

2.2. Age ofpre-Alpine formations
in the Internal Crystalline Massifs

Piemonte basement domes
The age of the GP orthogneisses in the Oreo valley

near Ceresole (Fig. 1) was estimated around

340-350 Ma in using the total lead method on
zircon (Pangaud et al., 1957; Buchs et al., 1962; Ches-
sex et al., 1964). Permian zircon U-Pb ages were
recently found (Bertrand et al., 2000b) for
orthogneisses front the western part of the GP massif at
L'Ecot (Fig. 1): magmatic overgrowths, dated at
269 ± 6 Ma (porphyritic meta-granite), and 263 +
36 Ma (dark enclave), with inherited cores at ca. 2
Ga and ca. 600 Ma.

The other Piemonte gneiss domes (DM and
MR, Fig.l), show a larger variety of rock-types
(Bearth, 1952; Vialon, 1966). In DM, an onion-
shaped stack of tectonic sheets, the lowermost
tectonic unit (Pinerolo formation) is considered
to be a high-pressure equivalent of the Briançon-
nais Upper Carboniferous coal measures. Coal
beds are replaced by massive graphite, and tneta-
dioritic dykes crosscut a meta-arkose-conglomer-
ate-graphite trilogy, very similar to the cyclothems
of the low-grade „Zone Houillère Briançon-
naise" (ZH on Fig. 1). DM has yielded an Ordovi-
cian age at 457 ± 2 Ma (Punta Muret) whilst most
orthogneisses are younger, with ages of 304 ± 3

Ma, 290 ± 2 and 288 ± 2 Ma. and three poorly
constrained ages around 275 Ma (Bussy and Cadoppi.
1996; Gebauer et al.. 1997; Paquette et al.. 1999).
In MR. metapelites yielded 330 Ma-old ages on
monazites included in large garnets, while matrix
monazites (in equilibrium with low-pressure
high-grade minerals) were attributed to Permian
plutonic activity (Engi et al.. 2001). There, monazites

at ca. 270 Ma (Engi et al., 2001) and a

SHRIMP zircon age at 272 Ma (Liati et al., 2001
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confirm previous age determinations (Koppel
and Grünenfelder, 1975).

Austro-Alpine and Apulian basements
In the Sesia zone and Dent Blanche massifs several

Permian intrusives have been dated: Monte
Mucrone metagranite at 286 ± 2 (Paquette et al.,
1989) and 293+1/-2 (Bussy et al., 1998); Monte
Emilius orthogneiss at 293 ± 3, Arolla orthogneiss
at 289 + 2, Sermenza gabbro at 288+2/-3 (Bussy et
al., 1998); Mont Collon gabbro at 284.2 + 0.7 and
282.9 ± 0.6 Ma (Monjoie et al., 2002); several ec-
logite zircon cores yielded ages at ca. 285 Ma, and
also a leucocratic dyke crosscutting the 350 Ma
old Cima di Bonze metagabbro (Rubatto, 1998).
The Ivrea Zone exhibits a famous mantle-crust
transition where associated plutons yielded Late
Carboniferous toTriassic ages on zircon and rnona-
zite (Vavra et al., 1999 and refs. therein), while
other studies suggest a lower Paleozoic event
(Pin, 1990). As a whole, the Permian period in the
Apulian realm appears as a period of post-oro-
genic crustal growth by magmatic underplating,
synchronous with Permian volcanism and pluton-
ism in the Southern Alps (D'Amico and Rottura,
1982), and with a thermal metamorphism in the
Austro-Alpine realm (Schuster et al., 2004).

Briançonnais - Grand-Saint-Bernard basements
Most dating studies of metagranites in GSB have
yielded lower Paleozoic ages (Guillot et al.. 1991;

Bussy et al., 1996a; Bertrand and Leterrier, 1997;
Bertrand et al.. 2000a; Bertrand et al., 2000b; Guillot

et al., 2002). A large Upper Carboniferous to
Permian basin, initiated in Visean to Lower Na-
murian times, follows the whole arc of the Western

Alps (ZH on Fig. 1). Sediments deposited in
the 325-300 Ma age range are widespread in the
Briançonnais domain and typically show no pre-
Alpine metamorphism, hence Variscan metamor-
phic ages have rarely been found, and there are
few Variscan granitoids dated up to now. Exceptions

are the Costa Citrin granite in Aosta Valley
(323 ± 8 Ma and 324 ± 17 Ma; Bertrand et al..
1998) and the Cogne diorite-granodiorite pluton
of calc-alkaline to subalkaline affinity, dated at ca.
356 + 3 Ma (loc. on Fig. 1; Bertrand et al., 2000b).
Permian ages have been also found in equivalent
units of the Central Alps (Tambo 268 ± 0.4 Ma,
Suretta 268.3 ± 0.6 Ma: Marquer et al., 1998) and
in GSB (269 ± 2 Ma for the Randa orthogneiss;
Bussy et ah, 1996).

In the GSB domain, the only trace of the
widespread 330-340 Ma granitoids and associated
metamorphism of the Variscan belt is yielded by a

monazite age from the Grand Saint Bernard area
(Giorgis et ah, 1999). The resulting impression is

that the Variscan metamorphism was either
absent or of very low grade in a large part of the
GSB. So, while the Mont Blanc and Velay granites
intruded at ca. 300 Ma in the ECM and the Eastern

French Central Massif, clastic deposition and
coal measures were dominating the Briançonnais
landscape.

2.3. Sampling

The choice of the GP sample locations was guided
by structural depth rather than by distribution in

map view (Figs. 1 and 2). Contrasted textural
types and local environments were selected: (i)
metagranites from the lower orthogneiss slab,
comparable to our previous samples at 1'Ecot in
the upper slab, and (ii) metavolcanics associated
with the metasediments. Two unsuccessful
attempts were made to use samples of the Erfaulet
metagranite, at the deepest level of the Money
window, which did not yield enough zircon for
analysis.

Gran Paradiso orthogneisses
ZH 00 05 was sampled in the Oreo valley (near
Noasca) from the structurally deepest part of the
Gran Paradiso massif (Fig. 2). it is a
coarsegrained, weakly deformed porphyritic granite
that comprises quartz, K-feldspar megacrysts
(perthitic orthoclase and microcline), albite,
phengite, small stubby grains of zoisite, and large,
broken and retrogressed garnet (pre- or early
Alpine?). Magmatic biotite is still recognisable
though it was largely replaced by metamorphic
biotite, phengite and titanite. As in the other samples,

the small number of zircon grains observed
in thin sections precludes any reliable estimate of
preferential relationship with other minerals.

ZH 00 06 is a medium-grained porphyritic
granite dyke cross-cutting the banding of
metasediments. It was sampled on the eastern buttress
of the Telessio Dam, close to the place where silli-
manite (replaced by Alpine kyanite) has been
identified in the metasediments and interpreted
to result from pre-Alpine contact metamorphism
(Compagnoni and Prato, 1969). Old biotite is

completely replaced by new biotite + phengite +
titanite. Plagioclase is replaced by albite + epidote
+ zoisite. Garnet porphyroclasts occur in complex
association with quartz and many tiny euhedral
garnet grains.

ZH 00 14 and ZH 00 15 are two porphyritic
granites from the eastern bank of the Telessio
lake; they are closely associated and form a
magmatic breccia (Callegari et al., 1969). The apparently

older rock type (ZH 00 14) is light in colour
and slightly deformed, whilst the younger one, the
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matrix of the breccia, is grey and shows a magma-
tic fluidal texture (ZH 00 15). ZH 00 14 is
composed of quartz and large perthitic K-feldspar
grains with superimposed euhedral albite. Garnet
porphyroclasts are partially replaced by chlorite
upon retrogression. Magmatic biotite is replaced
by white mica and newly crystallised small biotite.
The grey granite (ZH 00 15) shows recrystallised
quartz and albite in small grains. Large perthitic
K-feldspar is invaded by quartz and albite. Large
garnet grains are retrogressed, and many small
euhedral garnet crystals occur in the recrystallised

matrix.

Metavolcanic rocks
ZH 98 14 is a presumed metarhyolite from the
..Bonneval series" at Piedmontet. It is a pale

green albite-phengite gneiss in which embayed
quartz has occasionally been observed, suggesting
a rhyolitic origin.

ZH 00 13 is a homogeneous albite-bearing
gneiss from Piano delle Agnelere near Bivacco
Carpano. It is a grey to brown, medium-grained
gneiss. The rock is an albite-bearing gneiss, K-
feldspar free, with abundant quartz associated
with biotite, phengite, garnet, clinozoisite, zoisite,
and titanite. The several decametre-thick gneiss
unit is interlayered with metasediments, which
suggests that this rock-type may be derived from
a volcano-clastic rock predating the main Gran
Paradiso orthogneiss.

3. Geochronology

3.1. Analytical procedures

Two complementary approaches were used:
isotope dilution - thermo-ionic mass spectrometry
(IDTIMS) and sensitive high-resolution ion
microprobe (SHRIMP). For the IDTIMS technique
only tiny zircon needles containing occasional
magmatic inclusions were used. Inclusions were
identified by their shape (high magnification
microscopy) and from back-scattered SEM observation.

Analysed needles were 100 pm long on average,

with a thickness and width <10 pm.The average

mass of single needles was 1-2 pg for sample
ZH 0013 and in the range 3-7 pg for samples ZH
0005 and ZH 0015. The number of analysed needles

for each sample is indicated in Table 1. Stubby

prisms (100-150 pm in size) were selected for
ion probe dating because preliminary SEM
investigations had shown that zoned magmatic
overgrowths were present around inherited cores.
Analyses of magmatic overgrowths were
preferred in this study because numerous core analy¬

ses had been carried out during the previous
study that gave a good estimate of the inheritance
ages (Bertrand et al., 2000b).

Isotope dilution (IDTIMS) - After zircon
selection, sample dissolution, chemical preparation
and mass spectrometry were performed according

to improved, miniaturized techniques (Pa-
quette and Pin, 2001).Total blanks were 10-15 pg
for Pb and less than 1 pg for U during the analytical

period. The U-Pb isotopic results were
performed on a VG Sector 54-30 mass spectrometer
(Clermont-Ferrand) in a multi-collector static
mode and 204Pb was simultaneously measured
with a Daly detector ion-counting system.
Individual fraction ellipse errors (2a) were
determined and regression calculations performed
using the PbDat 1.24 and Isoplot/Ex 2.49 programs
respectively (Ludwig, 2000). Age uncertainties are
quoted at the 2a level. The decay constants used
for the U-Pb system are those recommended by
the IUGS (Jaffey et al.. 1971; Steiger and Jäger,
1977). Results are shown in Table 1 and Fig. 5.

SHRIMP dating - Zircons were analysed at
the Australian National University using the
SHRIMP II and the usual data reduction (Comp-
ston et al., 1992; Williams and Claesson, 1987).
Measured U/Pb ratios were normalised to a 20<,Pb/

238U value corresponding to the 416.8 ± 1.1 age of
the Temora 1 standard (Black et al., 2003). U and
Th concentrations were determined using the
same standard. Corrections for common Pb were
made using the measured ^Pb/^Pb ratios and
the relevant model Pb compositions (Cumming
and Richards, 1975). Uncertainties in the isotopic
ratios and ages in the data table (and in the error
ellipses on the figures) are reported at the la level,

but final pooled ages are reported as weighted
means at the 95% confidence level. All age calcula
tions and statistical assessment of the data have
been done using the geochronological statistical
software package Isoplot/Ex 2.49 (Ludwig, 2000).
Results are shown on Table 2 and Fig. 5.

3.2. Results

Gran Paradiso orthogneisses
ZH 00 05 - Zircon grains are euhedral, and their
morphological types (Pupin, 1980) show a typical
calc-alkaline to anatectic trend with dominant S6-

S12-S17 types (Fig. 3). Back-scattered SEM images

do not show any evidence of Alpine
overgrowth, but a regular magmatic envelope
surrounds inherited cloudy cores. IDTIMS results
from this sample are not quite concordant (Fig. 5).
The discordant analytical point being close, the
discordia line (3 fractions) yields imprecise intercepts

at -75 ± 1500 and 275 ± 25 Ma (MSWD



J.-M. Bertrand, J.-L. Paqnette and F. Gudlot

- 'O tr, to to - to

CNJ X On On o- ON CN

0.6
NO

Ö
to NO tr, to NO nC •O

o
O-

CO X CN On CO ON CN
t3 o^ tri OC 00 r-' tri
+1 1 +1 +1 +1 +1 -H +1 +1 +1
c r-; On X to NO X On
r-
CM K tri NO tri ON* O tri CO

r r- r- r- r O r~~- r- r-CN CN r i CN CN CN CN CN CN

00 to >o CN CO NO

o x r- NO On tri OC Q O
r-> nC NO o NO C-- NO NO r-- NO
CN CN CN CN CN CN (N CN CN CN

CO 00 CO On ON ON X
ON r-i NO •ri X o CO r3 ON' NO
nO NO O NO NO NO NO o NO
CN CN CN CN CN CN CN CN CN CN

On VO ON NO ON <o CO
CO •Tf NO CN CO CO CO CO CN
Ö Ö 3 3 3 Ö o 3 d d
05 CO X X r- ON X rfr- 00 r*- X r- X X NO r--
V) to f/O to •o to to to, to to

ON CN *-t CN X to CO to CO CN
CO to X CO N; -3- CN -t CO

Ö Ö Ö Ö Ö d c d o
ON ""f to co X r- r- On
to ON co rt- N" NO Tt CO N; NO X CN
O o o On C
CO CO CO CO CO CO CN CO CO

d
CO

CN Tf X NO "3" NO CO CN
CN CO "i- r—I CN) Ol CN Ol OJ

o Ö Ö 3 Ö Ö 3 d d
NO CN CN ON N" X CO r- NO
NO to X O N" NO CN
cn CN CN CN CN CN CN CN CN
2; Tf- 3; 2;

CO 00 NO to X CN CN NO
X CN CO CN NO
CN r- NO T to CN CN
-I- CO CN to CO

NO NO •<3;

o o NO NO CO I ON tri NO
CO CN r- - NO to CO CO CO

CN NO ON co Tf CN CO
1—< OC NO o I—* ON CN CO X° ° 3 3 CN CN 3 3 3

NO r- CO CN NO X _ CO NO
CO oc r- •O r- r-- to r-r- •o NO NO to NO CN ON X<N T—' X

to ON ON 2 CO to CO CN On
CN

d o d d o ö ö d d ö -a
a>

rH CN CO CN CO CN CO
o
<u

•O to to, CO CO cô CO to to tr,
Q

X X X E E E E E E X o
N N N N N N N N N N CT3

100 p m

Fig. 3 Microscope and SEM (back-scatter mode)
images of zircon grains analysed by TIMS. Possible mag-
matic inclusions may be observed (05 b, c; 13 b; 15 b, c).
SEM images show only magmatic zoning (13 e), inherited

cores (15 d), or complexly zoned stubby grains (not
analysed).

0.08) so we chose to use the weighted average of
207Pb/206Pb ages that yields 277 ± 5 Ma (2a). This
age is interpreted as the best estimate for the
crystallisation age.

ZH 00 06 - Separated zircons are sometimes
rounded and cloudy, but many grains are perfectly
clear and show magmatic inclusions. SEM and CL
images show inherited cores and external
magmatic zoning (Fig. 4). Zircon typology (Pupin,
1980) indicates a calc-alkaline to sub-alkaline
tendency (S7 and S2 dominant). SHRIMP results do
not show a coherent grouping for the almost
concordant 2l)6Pb/238U ages, probably because the
primary beam was low and unstable during these
analyses. However, if we exclude the obviously
inherited points (7, 8,9), a discordia line (Fig. 5)
indicates an upper intercept 207Pb/206Pb age of 273 ±
36 Ma (MSWD 0.52). The corresponding lower
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Fig. 4 Calhodoluminescence images of zircon
grains analysed by SHRIMP showing the prevalence

of regularly zoned edges and tips over more
or less complex inherited cores (quoted as centres
in Table 2).
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intercept is at 46 ± 220 Ma. Concerning
206pb/238u ages, the grouping is not good: 8

points indicate a weighted average of 264 ± 7
Ma MSWD 7.4). Due to the problems during

analysis, the ^Pb/^U weighted average
of 264 Ma is imprecise: it is interpreted as a

minimum estimate of the crystallisation age.
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Fig. 5 SHRIMP and TIMS diagrams: (a) TIMS concordia diagram, Noasca orthogneiss (ZH0005); (b) SHRIMP
concordia diagram, Telessio dam granite dyke (ZH0006); (c) SHRIMP concordia diagram, Lago di Telessio, light
granite of breccia blocks (ZH0014) with enlargement of the pooled analytical points; (d) TIMS concordia diagram,
Lago di Telessio, grey granite of breccia matrix (ZH0015);(e) SHRIMP concordia diagram, Piedmontet metarhyolite
(ZH9814); (f) TIMS concordia diagram, Piano delle Agnelere. metavolcanite (ZH0013).
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ZH 00 14 - Zircons are euhedral, often rich in
inclusions and show a calc-alkaline typology (S2,
S7, S12, S17 types are dominant). SEM and CL
images show inherited cores and external mag-
matic zoning (Fig. 4).Twenty points were analysed
using SHRIMP on magmatic zoned domains and

cores from sample ZH 00 14 (Fig. 5). Three cores
(12-1,9-1 and 15-1) are clearly inherited and
correspond respectively to ages of ca. 400, 600 and
1900 Ma. Tlie seventeen remaining points are
grouped and almost concordant, they define a
2°6pb/238u age (weighted average) of 212 ± 4 Ma
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(MSWD 1.9 at 95% confidence level). On a
Tera-Wasserburg plot (not shown) drawn with
ratios uncorrected for common lead, the seventeen
points are aligned with a lower intercept at 284 ±
10 Ma, interpreted to indicate a maximum age for
the crystallisation of zircon.

ZII 00 15- Zircon occurs as stubby prisms and
thin needles (Fig. 3). The main types are S6 and
S12. usually attributed to a calc-alkaline trend, but
some grains (S10-S15) are close to a sub-alkaline
tendency and may represent inherited grains.
IDTIMS results for sample ZH 00 15 (Fig. 5) concern

three discordant fractions of tiny needles.
The points are aligned but too close to correctly
define a discordia line (calculated intercepts are:
118 ± 910 Ma and 277 ± 55 Ma; MSWD 0.8).The
points being close to the Concordia, the weighted
average 2(l7Pb/20f,Pb age of 273 ± 3 Ma (2a) is
considered as a good estimate for the age of the last
crystallised magmatic zircons.

Metavolcanic rocks
ZH 98 14 - Zircon types are dominantly alkaline
(P3 to PI) but some L types (with dominant 211

pyramid) imply some anatectic contamination.

SHRIMP results include 17 points, aligned on a
discordia line (Fig. 5) with an upper intercept at
270 ± 20 Ma (MSWD 0.75). Two points (16-1,
16-2) are slightly above the intercept and may
correspond to an inheritance, as confirmed by their
location on a Tera-Wasserburg diagram with a
lower intercept at 272 ± 12 Ma (not shown). A
group of 7 points is clustered on the concordia
and the corresponding weighted mean of 206Pb/
238U age is 271.0 ± 2.5 Ma (MSWD 1.7 at 95%
confidence level) regarded as the best estimate of
the crystallisation age.

ZH 00 13 - The zircon population is complex
and includes slightly rounded shapes suggesting
xenocrysts or metamorphic grains. However, the
ubiquity of magmatic regular zoning observed on
SEM images and especially the presence of thin
euhedral needles with magmatic inclusions suggest

a partly magmatic origin for that rock (Fig. 3).
From Pupin's typology (Pupin, 1980), most grains
are located on a calc-alkaline trend (S13
dominant), though they are mixed with grains from a
sub-alkaline source (inheritance). Furthermore,
inherited cores are obvious on SEM back-scattered

images of stubby prisms. In order to esti-

280 Ma

270 Ma

260 Ma

ID-TIMS O SHRIMPyi
Noasca Telessio Carpano Piedmontet

Ecot

'
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I
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(not to scale)

Fig. 6 A synthesis of U-Pb ages from the Gran Paradiso. Note that the data for ZH 00 06 represent a minimum age.
Recently, two comparable zircon U-Pb SHRIMP ages were published (Ring et al., 2005) from porphyritic ortho-
gneiss samples located at the NE end of this section (270.2 ± 5 Ma) and near its centre (269 ± 6.5 Ma).
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Excluding the younger age of 264 Ma (sample
ZH 00 06), interpreted as a minimum age from
data of poor quality, two slightly different age
groups were determined. Samples ZH 00 05 and
ZH 00 13 yield ca. 277 Ma ages, whilst samples ZH
00 14, ZH 00 15 and ZH 98 14 are in the 271-273
Ma age range. There is no obvious explanation for
such an age difference, even when compared with
the previous 269 ± 6 Ma age determined for the
Ecot orthogneiss (Bertrand et al., 2000b).

While the analytical uncertainties vary, all of
the age data presented overlap within their error
margins (Fig. 6), establishing an middle Permian
age for the GP orthogneisses. The two associated
metavolcanic rocks are Permian, too. Apart from
inherited zircon cores, this study found no pre-
Permian material in the massif. The only field
evidence for a pre-Permian tectonic and metamor-
phic evolution are the folded foliations found
within enclaves of the less deformed granites
(Bertrand, 1968; Callegari et al., 1969; Ballèvre,
1988). Such structures may be related either to
pre-Alpine tectonic activity or to syn-emplace-
ment deformation. Though pre-Alpine sillimanite
+ garnet assemblages have been proven in many
places to result from contact metamorphism, they
have also been considered remnants of the Varis-
can orogeny (Callegari et al., 1969; Le Bayon and
Ballèvre, 2004). Hereafter, we provisionally
hypothesize that the GP orthogneiss protoliths are
entirely Permian in age. The age of the host rocks
remains questionable, but at least some of them
are also Permian. Obviously further geological
mapping (Le Bayon, 2005) and further dating are
needed, e.g. of the Erfaulet metagranite (cf. 2.3),
the Pinerolo formation (2.2), and the Money complex

(2.1).

4.2. Permian rocks in the Alps and
in western Europe

We mentioned above (2.2) the numerous Permian
ages found in the other Piemonte gneiss domes.
By contrast, Permian magmatism and especially
plutonism are not so frequent in Variscan Europe.
Recent reviews of Permian formations in northern

and western Europe indicate that 275 Ma was
a time of major change (Broutin et al., 1994).
Permian deposits are restricted to small, disconnected

basins with mostly non-marine deposits.
Permian volcanic rocks are widespread in Corsica
and are also linked to Permian plutons (Paquette
et al., 2003). In the Southern Alps, two „tectono-
magmatic and sedimentary" cycles have been
proposed (Cortesogno et al., 1998).The older one,
during Late Carboniferous to Early Permian
times, produced volcanics of calc-alkaline affinity,

which might have been controlled by the late-oro-
genic collapse of the Variscan orogen.
Corresponding sediments are mainly of continental origin

in the western part, whereas they are mainly
marine further East. The younger cycle formations

- fluvial red clastic deposits - unconforma-
bly overly the early Permian sediments and
volcanics, again with a marine tendency toward the
East. Magmatic rocks attributed to the younger
cycle are alkaline to transitional and may
correspond to the early stage of the Tethys extension.
From Ivrea to the Carnic Alps, Permian volcanism
is dated from 286 to 262 Ma. Such ages overlap
with some of the Sesia-Dent Blanche protolith
ages (in the 280-290 Ma age range).

In the Helvetic domain, poorly dated Permian
formations are probably subject to facies diachro-
nism within several Carboniferous-Permian
basins (Aprahamian and Gibergy, 1966). The more
differentiated Permian succession in the Western
Alps, about 2 km thick, is located in the Briançon-
nais domain near Briançon (Fabre and Feys,
1966). It comprises light-coloured silicoclastic
deposits, rich in limestone lenses and andésite tuffs,
unconformably capped by red conglomerates
with intercalated rhyolite lavas. Available ages
suggest that deposition of the Briançonnais
Permian formations took place almost entirely after
275 Ma (Bussy et al., 1996b and personal comm.).
Obviously, the Permian magmatism of the
Piemonte domes also belongs to the second cycle
presented above and is thus linked to the onset of
Tethys extension rather than to the Variscan
orogeny itself.

In trying to compare the pre-Alpine basement
units within the Alpine paleogeographic domains,
a Permian reconstitution is proposed in Fig. 7.
Paleozoic protoliths being a major part of
present-day outcrops, the Paleozoic age pattern
appears to be of Alpine paleogeographic interest.
Five „blocks" are provisionally proposed,
separated on the disputable basis of Alpine paleogeographic

and/or tectonic domains (main references
quoted above). In the Helvetic domain, 330-340
Ma old Mg-granitoids (with some older
orthogneisses) and ca. 305 Ma Fe-granites (Mont Blanc)
dominate; Stephanian and Permian sediments are
restricted to subordinate basins. GSB shows many
ca. 500 Ma old orthogneisses together with thick
Namurian to Permian deposits associated with
Permian volcanism (and a few granites). In the
Internal Penninic domain, Permian volcanics and
orthogneisses dominate with a few, poorly dated
Carboniferous sediments and some granites (e.g.
Brossasco).The Austro-Alpine domain (and Mar-
gna-Sesia fragment according to Schmid et al.,
2004) is sketched in Fig. 7 as a large mass of 520-
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450 Ma old basement with Variscan (not quoted)
to Permian granitoids and gabbros, and with
possible Permian metavolcanics (gneiss minuti).
Concerning the Apulian plate, the Permian high-
grade metamorphism of the Ivrea zone
corresponds to a lower crustal fragment, and in the Serie

dei Laghi a Lower Paleozoic upper crust is

capped by felsic volcanism of Permian age. The

present-day section (Fig. 7b) shows the location of
these „blocks" in a classical section inspired from
Schmid and Kissling (2000) and outlines the very
small proportion of Mesozoic material included
in the Alpine belt.

To conclude, a key point for comparing the origin

of the various ICM with pre-Alpine basement
from Europe or Apulia is obviously the age range
of their orthogneiss protoliths. The Piemonte
gneiss domes have classically been attributed to a

subducted European margin (Battiston et al.,
1985; Benciolini et al., 1984; Ballèvre, 1988; Avi-
gad et al., 1993; Dal Piaz. 1999; Froitzheim, 2001;
Ballèvre and Le Bayon, 2004) or to the internal
part of a Briançonnais terrane (Schmid and

Kissling, 2000; Schmid et al., 2004). An implied
assumption is that the Briançonnais terrane is of
European origin, which is not unanimously
accepted. Admitting the allochthonous character of
Briançonnais (GSB) and Piemonte basements
with respect to Europe (Stampfli et al., 1998), the
extensive Permian magmatism documented may
suggest an Apulian signature. It is thus tempting
to correlate the ICM (Gran Paradiso, Monte Rosa
and Dora Maira) with the Apulian rather than the
European plate.The Briançonnais domain is

characterised by thick clastic and volcanic formations,
of Carboniferous to Permian age. There is thus a

strong possibility that the Piemonte gneiss domes,
given their impressive Permian magmatism, may
represent either the eastern edge of the Briançonnais

micro-continent, or a separate terrane initially
located in-between Briançonnais and Apulia.

In the first option, the occurrence of formations,
which may be compared with the Briançonnais
Upper Carboniferous at the deepest level of the
domes (Money, Pinerolo), is easily explained.
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