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SHRIMP and IDTIMS U-Pb zircon ages ofthe pre-Alpine
basement in the Internal Western Alps (Savoy and Piemont)

bxJ.M. Bertrand', RT. Pidgeon2..!. Leterrier3, F. Gttillot, D. Gasquet3 and M. Gattiglio-'

Abstract

Conventional and SHRIMP II U-Pb age determinations are reported for orthogneiss zircons from four basement

units of the Internal Western Alps, and for detrital zircons from the Bclledonnc External Crystalline Massif (ECM).
The results lead to a reappraisal of the geolcctonic evolution of the Penninic basements (Brianconnais and Piemont)
and their pre-Alpine origin. Except for the emplacement of the Cogne granodiorite (Valle d'Aosta) dated at 357 ± 24

Ma (conventional IDTIMS analyses) and 356 ± 3 Ma (SHRIMP analyses). little evidence has been found for a

Variscan imprinl. However, results from the Pcclet orthogneiss (482 ± 5 Ma - SHRIMP) and Modane metagranite

(452 ± 5 Ma - SHRIMP) in the Sapey gneiss unit, and the Ambin metarhyolite (500 ± 8 Ma - SHRIMP) from the

Ambin massif. show that a major plutonic and tectonic event occurred at 450-500 Ma. Evidence has also been found

foi a major plutonic event of Permian age (269 ± 6 Ma SHRIMP age from the Gran Paradiso orthogneiss) which

suggests important Paleotethyan activity at least in the Piemont basemenl. SHRIMP dating of detrital zircons from

a metasediment of ihe Belledonne massif (ECM) and zircon cores and xenoerysts found in most of the analysed

magmatic rocks show a large Pan-African age component (590-630 Ma) in both the Exlernal and Internal Alps. This

suggests that there is little difference in the composition of the basement between (1) the ECM. which show a clear

eontinuity with Variscan Europe. (2) the Penninic basements. which may represent allochthonous Alpine terranes,

and (3) the Southern Alpine and Auslro-Alpine domains, classically attributed to an "African" indentcr. They all

belong to Gondwana but differ strongly in their Variscan and Alpine history.

Keywords: Penninic Alps, Brianconnais. Piemont, zircon. U-Pb geochronology, SIMS.

1. Introduction east, (Figs 1 and 2): (i) the Valaisan Oceanic Zone,
which is Late Cretaceous to Eocene in age; (ii) the

In the Western Alps pre-Mesozoic basement mas- Brianconnais Zone, which is dominated by pre-
sifs are intercalated with Mesozoic cover forma- Alpine continental crust; (iii) the Ligurian-Pie-
tions which are used to define contrasting palaeo- mont Oceanic Zone, which is Early Jurassic to

«eographical and structural domains (Debelmas Cretaceous in age and (iv) the Piemont Zone
anefLemoine, 1970). Several such domains make basement massifs and their thin Mesozoic cover,

up the Internal Alps (Penninic Domain) which which are completely embedded within Ligurian-
are squeezed between the "External" Alps (Hei- Piemont tectonic units.
vetic Domain Dauphinois in France), which Seismic profiles and detailed mapping of key

represent the European plate margin, and the areas, especially in the Central Alps, have shown

Southern Alpine Domain in Italy (as well as the the eontinuity of these domains (Schmid et al.,

Austro-Alpine Domain in Switzerland and Aus- 1996) along the entire belt even where tectonic

tria), which belongs to an Apulian-Adriatic mi- imbrication is complex.The pre-Alpine basement

croplate.The Internal Alps comprise, front west to oecurring in the Brianconnais and Piemont zones

Laboratoire de Geodynamique des Chaincs Alpines. LJniversite de Savoie, Domaine universitaire, F-73376 Le

Bourget-du-Lac Cedex. France. <Jeaii-Michel.Bertrand@univ-savoie.fr>
School of Applied Geology, Curtin University of Technology. Kcnt Street, Bentley 6102. WA, Australia.

Centre de Recherches Petrographiques et Geochimiques, BP20, F-54501 Vandoeuvre-les-Nancy Cedex. France.

Laboratoire Sedimentologie and Geodynamique, Univcrsite des Sciences et Techniques de Lille. F-59655 Ville-

neuve d'Ascq Cedex, France.
Uni versita degli studi di Torino. Diparlimento di Scienze della Terra, Via Valperga Caluso 37,1-10125 Torino. Italia.



226 J.M. BERTRAND. RT. PIDGEON, J. LETERRIER, F. GUILLÜT D. GASQUET
AND M. GATTIGLIO

Externa! Domain Penninic Domain

Zircon ages:

IDTIMS
A. 363

reference data

SHRIMP

fo \ \ ZJ
DB

y l>S I IT II

2E* Vosta
v this ^Jsluth

4011 1711

K\lbert\ille„f~, Ru orßourt» St Maurice
*%

*>. niest
\J 556*;7

INancroix \lt rn1711

V al l'eloust
—y\<W4\_ y KPVloutiers

cot Ivrea£ [2691

485 53
« Vi |»nil

Redet

Maunenne

¦ lAreRhy
Mod ane

st.s3ZU« Torinovx,GR

Dora Rip iriaDM

r£2

External Alps

Helvetic Flysch

External Basement

Helvetic Mesozoic

Penninic Domain

m Valaisan

Sub-Brianvonnais

Brianconnais Mesozoic

"Zone Houlliere"

Brianconnais Basement

Piemont and
Austro-Alpine Domains

"Schistes lustres"

Piemont Basement

Sesia Zone and Dent Blanche

Ivrea Zone

Fig. I Sketch map of the study area showing the location of the available U-Pb dates (except for Dora Maira and
External Crystalline Massifs). Conventional ages are in ilalics. AR: Aiguilles Rouges; MB: Mont BLinc: BL: Belle-
donne; GR: Grandes Rousses: PL: Pelvoux; VA: Vanoise; ZHB: Zone Houillere Brianconnaise; DB: Dcnt Blanche:
GP: Gran Paradiso; SL: Sesia Zone; LA: Lanzo Massif; DM: Dora Maira.

are characterised by strong penetrative structural
and metamorphic reworking of Alpine age, in¬

cluding high-pressure metamorphism. The Bri¬
anconnais basement comprises mostly metasedi¬
mentary formations, some of which have been
metamorphosed under low-grade conditions.
Some formations contain Carboniferous fossils.
Magmatic rock types are rare and this basement
has long been considered a metamorphic equiva¬
lent to Permo-Carboniferous Sediments (Ellen-
berger, 1958). On the contrary,orthogneisses are

common in the Piemont basement. They are be-
lieved to represent deformed Variscan granitoids
(Bearth. 1952; Bertrand. 1968: Vearncombe,
1983; Borghi et al., 1994).

The so-called "stable Europe" which existed
before Mesozoic rifting was already a collage of
microplates of Gondwanian origin stacked
against Baltica (Avalon, Armorica and most
of the Variscan belt had already formed at the ex¬

pense of Gondwanian crust. Several recent pa¬
pers have tried to reconcile the Early to Late
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Fig. 2 An interpretative cross-section of the Western Alps along the Are and Dora Riparia rivers (adapted from a

paper in prep.). Four layers are distinguished: mantle dark grey; lower crust random dashes; middle crust
random crosses: upper crust white. In the Penninic domain medium grey Ornaments correspond to the different
basement units. Abbreviations: ECM External Crystalline Massifs; SB + V Sub-Brianconnais and Valaisan Zones;
ZHB Zone Houillere Brianconnaise; SL + B Piemont Schistes Lustres and Brianconnais cover; SL Piemont
Schistes Lustres.

Paleozoic and Mesozoic rifting with pre-Alpine
evolution by focussing on the behaviour of the
Intra-Alpine terrain as a remnant of the Varisci-
des (Von Raumer and Neubauer, 1993; Neu¬

bauer and Von Raumer, 1993; Stampfli, 1996;

Von Raumer, 1998; Stampfli et al„ 1998;

Schaltegger and Gebauer, 1999).
To complement Ihe classical paleogeographical

approach. based on the stratigraphy of the Meso¬
zoic cover, we have undertaken a zircon LJ-Pb geo¬
chronological study aimed at investigating the
basement rocks for possible Variscan or pre-Var-
iscan signalures. Our objeetive was to expand the
understanding of this lesser-known part of the
Variscan belt as a basis for determining the origin
of basement rocks found in the Internal Alps.

This paper provides new zircon U-Pb ages of
pre-Alpine basement rocks from the Briancon¬
nais and the Piemont zones of the Western Alps,
which may help to evaluate their plate origin and
possible lateral displacements within the Western
Alps (Ricou. 1980; Ricou and Siddans, 1986;
SrAMPFLi. 1993; Stampfli et al„ 1998). SHRIMP
U-Pb data on zircon complement a preliminary
conventional TIMS study (Bertrand et al.. 1998)
that produced only lower intereept minimum
ages. SHRIMP dating has been undertaken on
some of the samples previously investigated, albe-
it unsuccessfully, by conventional techniques. This

complements new results obtained using conven¬
tional and SHRIMP dating of zircons found in
other samples. SHRIMP results are also present¬
ed for zircons from a detrital metasediment from
the External Crystalline Massifs (ECM), which
was chosen as a reference point for the European
Variscan crust exposed in the foreland.

2. Geological setting

2.1. GEOLOGICAL SETTING OFTHE
BRIANCONNAIS ZONE

The Brianconnais Zone is part of the Penninic
Domain which is separated from the Helvetic
Domain by the Penninic Front, a major tectonic
contacl. A summary of the tectonic evolution of
the Brianconnais (Figs 1 and 2) and recent synthe-
ses and interpretations, may be found in several

papers and references therein (Mugnier et al.,
1993; Bertrand et al„ 1996: Caby, 1996; Fügen¬
schuh et al., 1999). The main differences between
the Brianconnais and the External domains in¬

clude:
-The youngest Sediments in the Brianconnais

are Lower Eocene in age and the last metamor¬
phic event is dated at ca. 32-35 Ma (e.g. Freeman
et al., 1997). On the contrary, stratigraphical con-
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straints indicate a Miocene low-grade metamor¬
phism in the External Alps. Thus, the External
Alps may be considered as a foreland where ex¬

humation of the External Crystalline Massifs is

still active. as seen in geodetic measurements and
fission track data (Seward and Mancktelow,
1994; FÜGENSCHUH et al.. 1999).

- The stratigraphical record of the Briancon¬
nais formations shows a thick Namurian to Steph-
anian sequence of low metamorphic grade (the
"Zone Houillere Brianconnaise") together with
thick Permian and Triassic formations which con¬
trast sharply with the Stephanian basins and the
reduced Permian and Triassic formations ob¬

served in the External Alps. From Jurassic to
Eocene times. the geological record in the differ¬
ent individual nappes forming the Penninic Do¬
main is highly variable.

- A conspicuous reversal of the average dip of
the regional foliation is observed on both sides of
the Penninic Front. East-dipping structures in the
External Alps and in the outer units of the Pen¬

ninic Domain are in contrast with a dominantly
west-dipping to flat-lying foliation in the Bri¬
anconnais and the basement domes outcropping
further East (Vanoise. Ambin. Gran Paradiso and
Dora-Maira domes). The tectonic significance of
this foliation fan and of the accompanying East-
verging folds are still the object of much discus¬
sion (see Caby, 1996). The latest stages of the tec¬

tonic evolution correspond to extensional shear
zones showing a top-to-the-West movement in
the ZHB (Ailleres et al., 1995) and a top-to-the-
East movement further East in the Ambin dorne
(Ganne,1999).

- All the Penninic basement units are strongly
reworked and their main foliation is of Alpine age
with only some relicts of pre-Alpine structures
and/or metamorphic assemblages surviving. This
is in contrast to the External Crystalline Massifs.
where pre-Alpine structures and metamorphic
assemblages are still recognisable and often
capped by a Permian unconformity.

2.2. GEOLOGICAL SETTING OFTHE PIEMONT
AND LIGURIAN-PIEMONT ZONES

The Piemont gneissic domes (Dora-Maira. Gran
Paradiso and Monte Rosa) are dominantly of
magmatic origin. In the Western Alps, they form
the structurally deepest observable units and
were affected by high-pressure metamorphism
(Chopin and Maluski. 1980). With their thin and
discontinuous cover of highly deformed Mesozoic
rocks. they are surrounded by meta-ophiolites.
greenstones and calcschists of the Ligurian-Pie-

mont nappes. Their attribution to a subdueted
equivalent of the European margin (Schmid et
al.. 1996: Schmid and Kissling. 2000). is discussed
by Stampfli et al. (1998) who argues that they
may correspond to slices of the Apulian plate.

The lowest nappes of the Ligurian-Piemont
tectonic pile (Fudral. 1998) are dipping West,
beneath the Brianconnais Zone. The uppermost
nappes form tectonic klippen on top of the Bri¬
anconnais. very close to the Penninic Front. Final-
ly. before reaching the Insubric fault and the Ivrea
Zone (lower crust of the Southern Alpine Do¬
main), the Sesia Zone represents a high-pressure
equivalent of the Austro-Alpine domain.

2.3. PREVIOUS DATING

In the Western Alps, the External Crystalline
Massifs comprise huge volumes of either ca. 300
Ma or ca. 340 Ma (in the Mont Blanc and Belle-
donne-Sept-Laux massifs. respectively) radiomet-
rically dated granites (Bussy and Von Raumer,
1994; Debon et al.. 1998). although older ages are
known (ca. 500 Ma. Menot et al.. 1988a and b;
Bussy and von Raumer, 1994). From the Pennin¬
ic Front eastwards, many of the radiometric stud¬
ies were concemed primarily with the dating of
prominent Alpine events (see Hunziker et al.,
1992. for a review: Gebauer and Rubatto. 1998,
for recent developments). Concerning the base¬

ment of the Internal Alps, recent U-Pb data fa-
vour the presence of Variscan and pre-Variscan
metamorphosed basement in the Brianconnais
Zone, with ages grouped at 325-330 Ma and
around 500 Ma (GuiLLOTet al.. 1991: Bussy et al.,
1995: Bussy et al.. 1996: Bertrand and Leter-
rier. 1997: Bertrand et al.. 1998; Desmons et al.,
1999: Bertrand et al.. 2000: Guillot et al.. 2000).
Although some authors suggested that the Bri¬
anconnais Zone was aecreted to the European
plate after the Variscan events (Guillot el al.,
1993). the publication of some Variscan metamor¬
phic ages. for example a 4,lAr/"'Ar phengite age of
340-360 Ma from Ambin (Monie. 1990) and an
U-Pb monazite age of 330 Ma from the Mont
Mort metapelites in the Grand Saint Bernard
nappe (Bussy et al.. 1996: Giorgis et al.. 1999)
raise doubts over this interpretation.

The samples analysed during this study have
been chosen to document both the pre-Variscan
and the Variscan events in the Western Alps
(Fig. l).The Sapey gneisses (Peclet, Modane), the
Cogne metadiorites and metagranodiorites. and
the Ambin metarhyolites belong to the Briancon¬
nais basement and are compared with previously
dated samples at ca. 500 Ma (Mont Pourri.Arpont
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Tab. I U-Pb conventional data. Labels correspond to the size of the analysed fractions: A > 150 um: B 150-100

um: (' 100-75 um: D < 75 um. Abbreviations: ab. abraded fraction: nab. unabraded: euh. euhedral: viol.
lilac color: br. brown: Incol. colourless: yel. yellow: nedl. needle-shaped.

206Pb 206Pb* 2irPb" 207PIV

Magnetism Zircon type Weight 1 Pb* 204Pb '•Ni 2351' 206Pb- Cor RS age R5 age 1 6 age

mg ppm ppm error % error ". ,717 0 error % «ft

C0GNE-ZH952 3

Uli Nm-2°3.5A nab. euh. viol. L/!=2 to 3 II M 645 36 263(0.20) 0.05079(0.29) 0.42450(0.76) 0.06062(0.51) 0.91 319 ±0.9 359 i 2.3 626 ± 11

111 Nmr,3.5A ab. euh. viol-br. L/l=2 lo 3 0.48 684 349 514(0.22) 0.05014(0.18) 0.37319(0.51) 0.05398(0.35) 0.93 315 ±0.6 322 ± 1 4 370 ± 7

Cl Nm0°.3.5A nab. euh. pink L/l=2 to3 (1.44 1016 50 277(0.27) 0.04945(0.13) 0.36779(0.45) 0.05395(0.34) 0.88 311 ±0.4 318 ± 1.2 370 ± 9

Dl Nm0°.3.5A nab: euh pink. limp. L/l=2 IUI 994 48 557(0.30) 0.04750(0.24) (1.35397(0.59) 0.05405(0.38) 0.94 299 ± 0.7 308 ± 0.6 373 ± 9

(': Nm(l*.3.5A nab. euh. nedl. cloud. 171=4 0.22 876 42 221(0.25) 0.1)4742(0.221 0.35310(0.61) 0.05401(0.42) 0.91 299 t 0 ti 307 ± 1.6 .171 t III

VMBIN-AM964
(1-1 Nm 1 ,15A nab. euh. Incol. \J\= to >2 11(12 513 26 115(0.10) 0.04558(0.22) 0.34457(0.88) 0.(15482(0.72) »711 287 ± 0.6 300 ± 2.3 4115 ± 2s

(1-1 Nm2°,3.5A nab. euh. Incol. L/l= to >2 0.10 19 197(0.30) U not measure d 0.05671(0.88) 480 ± 19

111 Nm ]',3 5A nab. euh Incol. L/l< to =2 0.01 1519 141 89(0.10) 0.03952(032) 0.28610(1.57) 0.05250(1.33) 0.78 25D ± 0.8 255 ± 3.5 307 ±41

C2-2 Nra2°.3JA nab. euh. Incol. L/l< to =2 (1.07 358 21 204(0.32) 0.03991(0.27) 0.32131(0.80) (l.ll5M9(H57) 0.89 252 ± 0.7 282 ± 2 0 544 ± 16

B Nm 2°. 3.5A nab. euh cloudy. cracks 0.07 391 17 218(0.18) 0.04007(0.20) 0.31300(0.7(1) 0.05665(0.53) 0.91 253 ± 0 5 276 ± 1.7 478 ± 29

(' Nm2°.3.5A nab. cloudy. L/l 2 0 11 273 13 223(0.44) 0.(14316(0.23) 0.33766(0.71) 0.05674(0.52) 0.86 272 i 0.6 295 ± 1.8 482 ± 22

(1 Nm2c.3.5A nab. clear. L/l > lo 2 0.11 411 52 104(0.09) 0.0702.1(0.38) 0.55070(1.10) 0.05687(0.78) 0.89 437 t 1 6 445 i 4.(1 487 ± 19

GRANPARADIS0-ZH9623
B4 Nm2",1.7A nab. euh. pink-hr Ll=l 0.24 741 50 932(0.17) 0.06524(0.221 0.87085(0.41) 0.09681(0.19) 0.98 407 ± 0.9 636 ± 1.9 1563 ±5

D2 Nm2 ,1.7A nab. euh. pink nedl. L/l= lo>: 0.35 763 27 246(0.27) 0.03640(0.19) 0.26272(0.57) 0.05234(0.41) 0.90 230 ± 0.4 2371 1.2 3111 t 8

Hl Nm2°,1.7A ab. euh. pmk-br. L/l=2 0.15 688 30 1413(0.10) 0.04454(0.15) 035639(0.31) 0.05803(0.17) 0.99 281 ± 0.3 309 ± 0.8 531 ± 3

A2 Nm2.l7A nab euh. pink nedl. L/l=4 0.27 868 --I 1607(0.18) 0.04034(0.17) 0.30511(0.34) 0.05486(0.18) 0.98 255 ± 0.4 270 ± 0.8 41161 4

GRAN PARADISO-ZH 96 24

1 \ni2.17A nab. euh. IIa! pink L/l=l to 2 0.25 768 26 518(0.28) 0.03425(0.16) 0.24709(0.49) 0.05232(0.36) 0.89 217 ±0.3 224 ± 1.0 299 t 9

Dl Nm2°. 1.7A nab. euh pink L/l=2 to 3 0.24 797 29 355(0.15) 0.03672(0.21) 0.27852(0.56) 0.05501(0.37) 0.93 232 ± 0.5 249 ± 1.2 413 ±8
D2 Nm2°,1.7A nab. euh. pink nedl. Ul>4 0 19 771 24 1894(0.50) 0.03230(0.12) 0.22827(0.33) 0.05126(0.23) 0.94 205 ± 0.2 209 ± 0.6 253 ± 5

Hl Nm2°. 1.7A ab euh pink-yel. L/l=2 to 3 0.17 719 34 912(0.64) 0.04856(0.16) 0.41315(0.37) 0.06171(0.23) 0.94 306 t 0 5 351 ± 1.1 664 ±7

and Fineslre on figure 1: Guillot et al.. 1991:

Bertrand and Leterrier, 1997; Bertrand et
al., 2000). The Gran Paradiso orthogneisses
(Ecot) belong to the Piemont Zone. The Belle-
donne micaschists (Val Pelouse) belong to ECM,
which represents the Variscan basement of the

pre-Alpine European margin.

3. Analytical procedures

Zircon concentrates have been prepared follow¬
ing usual procedures of crushing, sieving and

heavy mineral Separation. The best quality grains
were selected to produce small, homogeneous
(size, magnetism and morphology) fractions for
conventional analyses. Epoxy mounts for
SHRIMP analysis were prepared with a mixture
of the best zircon grains together with more com¬
plex. zoned crystals to date inheritance. Prelimi-
narv BSEM imaging was performed in all cases to
study the internal characteristics of the zircon
grains. Microscope photographs (reflected and
transmitted light) were used to determine the lo¬

cation of spots in the grains. After the SHRIMP
session, further BSEM imaging of the analysed
mounts was undertaken to check the quality of
the analysed craters and their significance (Fig. 3).

To describe the internal structure of complex zir¬

cons, three types of domains have been defined
and are used in the following descriptions: Z
zoned domains corresponding to regularly zoned

parts of grains. In most cases they are localised at
the tips of elongate euhedral grains; they are be-
lieved to represent crystal growth during mag¬
matic crystallisation; H homogeneous domains;
C central part of grains, which in some cases rep¬
resent inherited cores but often show a nebulitic
texture, the significance of which is still unclear.

3.1. CONVENTIONAL ANALYSES (IDTIMS)

Zircon fractions < 0.5 mg were digested following
the procedure of Parrish (1987). Uranium and
lead were separated using anion exchange tech¬

niques following the method of Kroch (1973). A
mixed 235U/208Pb spike was used and common
lead blanks, determined for each batch of seven
fractions, varied between 27 pg and 97 pg. Pb (Rh
filament) and U (W filament) were analysed on a

Cameca 206 mass spectrometer. Errors are given
at the 95% confidence level and take into aecount
the uncertainty on the measured ratios, common
lead (procedural blank and Stacey and Kra¬
mers' correction, 1975) and the mass discrimina-
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tion estimated from the repeated analyses of a

Standard (NBS 983) for each batch of seven frac¬

tions. Regression lines and ages have been calcu¬

lated using Isoplot (Ludwig. 1999). Analytical
data are given in table 1.

3.2. SHRIMP ANALYSES

The procedures used for the SHRIMP II analyses
at Curtin University are described in detail by
Nelson (1997). The gern zircon (Cz3) used as a

Standard (Pidgeon et al.. 1994: Nelson. 1997) has

an age of 564 Ma and a U concentration of 530-
560 ppm. Errors are expressed as lo- in tables and

figures and are given at the 95% confidence level
for ages presented in the text. Data were reduced

following the method of Nelson (1997). Lead/
Uranium ratios are determined relative to that of
the Cz3 Standard, which has a 206Pb/2MU value of
0.0914.The SHRIMP Pb/LJ data were normalised
using a power law relating Pb*/U and UO/U with
the exponent equal to 2 (Claoue-Long et al..
1995). Decay constants used in all dating methods

employed in this paper are those recommended
by Steiger and Jäger (1977). The common lead
correction was made using the 2l,4Pb correction
method (Compston et al.. 1984). using the Broken
Hill lead isotopic composition. Points with a 2l)6Pb/

:,,4Pb ratio < 1000 were neglected in the age esti¬

mates as they correspond to spots where micro-
cracks or altered zones were observed under
SEM during a later survey.

SHRIMP analyses were performed by alter¬

nating analyses of the sample and the Standard

(one Standard for each three samples) to allow
monitoring of Pb*/U* discrimination. A detailed
table of the measured Standard values is available
on request.To determine the parameters used for
data reduction. the best fit line on the diagram In

Pb*/U vs In UO/U was calculated either separate-
ly. as for samples G94004. ZH 96 23. ZH 94 2. SS

97 15, or grouped for a one-day session (ZH 95 19

+ ZH 96 24 and AM 96 6 + part of ZH 94 2). Sam¬

ple ZH 94 2 is a special case. as analytical prob¬
lems occurred during the first session leading to
an insufficient number of points and Standards.

Subsequently. the two groups of data for this sam¬

ple have been reduced separately. Another spe¬
cial case is sample SS 97 15 (detrital zircons)
where only 4 scans were performed for each anal¬

ysis in order to obtain more (but less precise)
data. Concerning Phanerozoic ages. 2,"'Pb/2WU

ages are preferred as discussed in detail and rec¬

ommended by Claoue-Long et al. (1995). Ana-
lvtical data are given in table 2.

4. Geochronological results

4.1.THE SAPEY GNEISS UNIT (SGU)

The SGU discontinuously marks the eastern edge
of the low-grade "Zone Houillere Brian?on-
naise".The contact is interpreted either. as a ma¬

jor detachment zone according to extension-dom-
inated modeis (Caby. 1996) or, as a refolded
thrust contact (Ailleres et al„ 1995: Bertrand

Fig. 3 Selected BSEM images. Modane: Gm 11 - Euhedral zircon. the left tip showing an ineipient corrosion.Thick

regularly zoned domain. the central part being less defined. with rounded and nebulitic zoning (spot in the zoned

domain). Gm 12 - Euhedral zircon showing a thin unzoned external domain.The central domain comprises a grey
homos>eneous pari with while discontinuous zones and quartz micro-inclusions and an inlermediate part where zon¬

ing is nebulitic (spot 1 is in the intermediate. nebulitic area: spot 2 in the homogeneous center). Peclet: Zp 2 - Euhe¬

dral zircon with curved faces suggesting a metamorphic crystallisation or resorption.Two domains are sharply sepa¬

rated by an altered zone and cracks (spot in the homogeneous core). Zt 5 - Euhedral zircon showing an obvious core
and a large regularly zoned domain. Whitened zone at the conlact corc-zoned domain (spoi in the zoned domain).

Cogne: Zc 8 - Subhedral to euhedral zircon grain showing three different domains: a regularly zoned. dark. central

domain surrounded by a lighter external domain mostly developed on the subhedral tip: a third. unzoned domain

cross-cuts the previous one but may be in eontinuity with the external domain (spot in the zoned domain). Zc 11 -
Euhedral regularly zoned zircon. The central part is darker and more nebulous (spot 1 is near the tip and cut by a

large crack: spot 2 is in the central part). Ambin: Am 15 - Euhedral zircon showing netlaced faces. Zoning is nebulitic
and the central domain is altered (spot in the central domain. with many quartz micro-inclusions). Am 18 - Euhedral

unzoned zircon. Gran Paradiso: Gn 12 - Euhedral zircon showing netlace development on the right tip. Obvious grey
core with curved contacts; the external domain is regularly zoned (spot in the zoned domain). Gn 23 - Euhedral
fractured zircon with a well-defined core. The thick external domain is zoned. sometimes nebulitic (spot in the core

showing a blind micro-crack). Gp <S - Euhedral zircon (optical microscope image). A regularly zoned external do¬

main is sharply discordant to the complexly zoned core. locally altered with quartz exsolution (spot in the central

domain). Gp 14 - Euhedral zircon showing an obvious core. slightly altered (quartz exsolution). A thick zoned do¬

main is similarly altered (spot 1 in the zonecl domain but in an area with quartz micro-inclusions: spot 2 in the central

domain with micro-inclusions). Val Pelouse: Ss 20 - Rounded detrital grain almosl homogeneous. Ss 27 - Rounded

zoned zircon. the core of which yielded the oldest age found in the sample.
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Fig. 4 Concordia diagrams for Modane porphyritic granite and Peclet orthogneiss (SHRIMP data, Irr errors):
(A) Modane G94 004 SHRIMP data: (B) enlargment of the 11 concordant points (filled boxes cores)- (C) Tera-
Wasserburg diagram for G94 004 sample: (D) Peclet ZH 94-2 SHRIMP data, except the oldest inherited point at
2400 Ma: (E) enlargment of the ca. 500 Ma group: (F) Tera-Wasserburg diagram for ZFI 94-2 sample.

et al.. 1996). Similar basement tectonic lenses
mark out this contact towards the North, such as
the Ruitor massif (dating in progress) and similar
units in Valle d'Aosta and Switzerland. A pre-Al¬
pine metamorphic event is inferred by relict ky¬
anite in metasediments (Detraz, 1984), but Al¬
pine retrograde assemblages and/or high-pres¬
sure overprints are always present.

Previous conventional dating of 3 zircon
populations from 3 different orthogneisses (Ber¬
trand et al., 1998) yielded poorly constrained
lower intereept ages of >360 Ma, which indicate a
minimum age and a large amount of inherited zir¬
con. Their BSEM images showed that many zir¬
con grains contain an inherited core and a regu¬
larly zoned outer rim. Two of the three samples



SHRIMP AND LDTIMS U-PB ZIRCON AGES OFTHE PRE-ALPINE BASEMENT. W-ALPS 233

were selected for the SHRIMP study. Sample G94

004 (West of Modane) is a recrystallised but

slightlv defori'ied phorphyritic granite compris-
ing albitised K-feldspar. globular quartz. musco¬
vite and chlofitised biotite. Sample ZH 94-2

(Aiguille de l'eclet) ts a strongly deformed or¬

thogneiss with associated meta-aplites where

perthitic K-feldspar forms clasts and biotite is

completely replaced by chlorite. titanite and hem¬

atite. Zircon morphological types observed in
these two samples suggest a calc-alkaline affinity
(Pupin. 1980). Zircon grains from the orthogneiss

sample have slightly rounded edges. resulting
from either the Alpine deformation or a complex

pre-Alpine metamorphic evolution.

77ie Modane porphyritic granite - Results of
18 SHRIMP analyses performed on zircons from

sample G94 004 are shown in table 2 and on figure
4.206Pb/204Pb ratios are high except for three anal-

vses(9-l. 13-1.14-1).Three analyses have old ages

(3-1. 12-1,12-2). Only one of these (12-2) is locat¬

ed on a well-identified core. its external, zoned

domain, being almost concordant at 660 Ma
(206pb/238-[j age). A fourth analysis (16-1) also ap¬

pears to be inherited and yields a 207Pb/2<,6Pb age

of ca. 600 Ma.The main group of concordant ana-

lvtical points (Fig. 4b) comprises 11 analyses cor¬

responding to zoned (Z) domains (5 analyses)

and to poorly contrasted. often nebulitic. cores

(C). Analytical points of core domains are slightly
above concordia and are clearly separated from
the Z points. The better concordancy of the Z do¬

mains would support the choiee of their 2ll6Pb/2;!'sU

average age (448 ± 6Ma) as the best estimate for
the magmatic crystallisation of the Sapey zircons

but this agf- is not significantly different from an

estimate ITlac'e ty pooling all 11 points giving:
206Pb/23srrj aL 452 ± 5 Ma (X2 1.37); 207Pb/235U

age 450 ± 6 Ma (X2 0.93): ^PbWb age 443

+ 26 Ma (X2 0.89). The most concordant point
(8-1) yields a 20l,Pb/2'sU age of 454 Ma. On a Tera
and Was$erULrg (1974) diagram (Fig. 4c). where

data are not c-'orrected for common lead (common
Pb uncorrected data are available on request). the

main group is aligned with a lower intereept at
445 ± 28 Ma. Two points are almost concordant at

about 600 Ma (not shown on Fig. 4c) and the Up¬

per intereept at about 2500 Ma confirm the pres¬

ence of an iniherited component in the zircon pop¬

ulation.

The Peclet orthogneiss - Sample (ZH 94-2)

was analvsed during two different SHRIMP ses-

sions: 4 Standards and 11 unknowns; and 8 Stand¬

ards and 15 unknowns. Standard calibrations and

data reduction were carried out separately for

each set of data but the last Statistical treatment
was done on the whole set, using an averaged er¬

ror on the Standard line (1.55%) and the total
number of analysed Standards (21. including
Standards analysed with the Ambin sample).

Analytical data define three groups on the
concordia diagram (Fig. 4d):

(i) Points with apparent ages older than 500

Ma are xenoerysts (Zt 13-1). or well-identified
cores. The oldest one (Zt 11-1) is almost concord¬

ant at 2400 Ma. Other concordant points are

grouped at ca. 720 Ma (group 1) and at ca. 600-
650 Ma (group 2). An interesting zircon grain is Zt
13, whose core is discordant at 770 Ma (2ll7Pb/206Pb

age), whereas the corresponding tip is almost con¬

cordant at 603 Ma (2,l"Pb/2WU age). Another point
yields a similar 2l,6Pb/r'sU age of 606 Ma (Zp 1-2)

and the corresponding tip is part of the younger
concordant group (3). A similar pattern is ob¬

served for grain Zt 1. whose highly discordant
core yields an apparent 207Pb/2O6Pb age of 923 Ma
and corresponding zoned (Z) domain is part of
the main group (3). Groups 1 and 2 indicate inher¬

itance from at least two different sources.

(ii) The main group (group 3) of concordant
points (Fig. 4e) corresponds to 14 zoned (Z) do¬

mains which form a verv homogeneous Cluster:
206Pb/2:,su age 482 ± 5 Ma (X2 0.81): 2,,7Pb/2:,5U

age 484 ± 6 Ma (X2 0.85); 207Pb/™Pb age 492

± 15 Ma (X2 0.65). The 2ll6Pb/23KU age is inter¬

preted as the age of primary crystallisation of the

granitic protolith.
(iii) Three points are located below the main

group (Zp 3-2, Zp 9-1 and Zt 8-2). From SEM ex-
amination all these spots are located in zones of
secondary alteration associated with micro-inclu¬
sions of quartz believed to result from exsolution.
These points may be considered as having suf¬

fered lead loss.
When plotted on a Tera-Wasserburg diagram

(Fig. 4f) the analytical points clearly show two op-
posite trends on both sides of the 480 Ma group of
concordant points. The first trend. from the inher¬

ited old zircons converge towards a 600 Ma inter¬

eept suggesting a major event at that time and the
second corresponds to lead loss from the zoned
overgrowths.

4.2.THE COGNE METADIORITE AND META¬

GRANODIORITES (CD)

This intrusive body is located East (structurally
below) of the Ruitor massif, a likely equivalent to
the SGU (Amstutz, 1962). The CD forms, in the

Cogne valley, the core of the so-called "Valsavar-
anche backfold" as it both overlies and underlies
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Tab. 2 SHRIMP U-Pb isotopic data. Abbreviations: C central domains identified cores in some cases); Z zoned
domains (in most cases ups of pyramids): H homogeneous domains: D detrital grain. nd not determined.

ppm ppm

l'b 206Ph
204Ph

ppm

206PI)7

2.181,

207Pb*
2.15 U

7/6 age K8agc R5 age 8/32 age

MODANE - Sample (1 94 (104

Gml-1 Z 583 43

Gm 1-2 (' 150 55

Gm 2-2 Z 383 156

Gm 3-1 Z 994 59S

Gm 4-1 Z 336 2

Gm 5-1 Z 256 27

Gm 6-1 Z 252 117

Gm 7-1 Z 659 69

Gm 8-1 C 998 45

Gm 9-1 (' 300 455

Gm lll-l Z 201 27

Gm III Z 766 59

Gm 12-1 Z. 471 6]
Gm 12-2 C 22.3 Sl

Gm 13-1 Z 175 91

Gm 14-1 Z 3X4 111.3

Gm 15-1 Z 29N 54

Gm 16-1 C 674 48

PECLET - Sample ZH 94-2

29

137

37

28

7S

203

43

83

27

37

HP

30

127

33

40

34
7 7

31

9

15

6

19

309

102

115

COGINE - Sample ZH 95-19

Zp 1-1 Z 618

Zp 1 -2 c 577

ZP2-I c 57

Zp.3-1 z 538

Zp 3-2 c 486

Zp4-1 z 603

ZpS-1 c 529

Zp6-1 Z 473

Zp7-1 Z 557

Zp X-1 c 994

Zp9-1 Z 376
Zl 1-1 c 136

Zt 2 1 z 398

Zl 3-1 c 77

Zt4-1 Z 532
Zt 5-1 Z 283

Zld-1 c 446
Zt 7-1 Z 428
Zt8-1 / 576
Zt 8-2 c 439

Zl9-I Z 509
Zl lll-l z 734
Zt 11-1 c 52

Zl 12-1 c 205

Zl 13-1 Z 229
Zt 1.3-2 c 256

Zc2-2
Zc 2-3

Zc3-1
Zc4-1
Zc5-1
Zc6-1
Zc7-1
Zc8-1
Zc9-1
Zc 10-1

Zc 11-1

Zc 11 -2

Zc 12-1

Zc 13-1

Zc 14-1

Zc 15-1

Zc 16-1

Zcl7-1

921

354

1563

1026

1004

826

818

35.3

993

847
940

602
261

1215

129

772

440

968

301

122

555

380

399

2S2

229

111

329

373

311

202

106

474

42

356

137

305

0.07.1

0.15

0.40X

0.602

0.007

0.105

0.463

0.105

0.045
I 519

0.135

0.077

0.129

11.362

0.52

0.267

0.18

0.071

0.047

0.237

0.651

0.052

0.12

0.058

0.384

0.092

0.149

0.027

0.099

0.745

0.075

1.651

0.062

0.142

0.076

0.054

0.053

0.021

0.03

0.008

0.762

1.507

0.446
11.447

0.326

0.345

0.355

0.371

0.397

0.341

0.2S

0.316

0.3.32

0.44

0.33

0.337

0.407

0.39
0.325

0.462

0.312

0.315

44

55

7
39

28

44
43
35

41

I2S

25
16

29
11

39
21

32
30

41

29

36

52

27

28

15625

6.364

51S

12195

83333

10309

2674

10869

13158

97"
136-

5848

41667

5682

989
767

3691)

ni

17857

.3.333.-

4081

7092
777-

111

n,

14286

3.3333

41666

4082

nd

12048

2976

45454

12195

nd
nd

9804

.30.30

90909

nd
7092

8333

nd

2.3809

37000
86.3

23809

12987

588

1854

4504

4132

10204

6060

2703

5747

375

6024

4201

10869

3413

6536

0.0573(1.36)

0.0548(2.55)
0.0553(2.44)
(1.0600(0.871

0.0568(1.47)

0.0564(3.06)

0.0544(3.20)
(1.0558(1.28)

0.0550(1.09)

0.0562(4.04)
0.0541(5.27)
0.0556(1.32)
11.0624(0 911

0.0718(1.46)
0.0564(5.94)
0.0523(4.66)
(1.0540(2.99)

0.0625(1.IX)

0.0563(1.29)
0.0603(1.27)
0.0641(5.40)

0.0567(1.69)
0.0519(5.74)

0.0585(1.44)
0.0575(1.21)
0.0569(1.64)

0.0569(1.38)
0.0776(0.56)
0.0551(2.34)
0.0698(3.54)
0.0569(2.14)
0.0570(6.66)

0.0563(1.77)
0.0574(2.24)
0.0586(1.57)
0.0567(1.15)
0.0571(1.68)
0.05461(2.84)

0.0567(1.62)
0.0567(0.83)
0.1412(1.48)

0.0599(2.10)
0.0601(2.22)
0.0649(1.33)

0.0544(1.27)

0.0512(5.54)
0.0533(0.94)

0.0544(1.36)
0.0546(3.56)
0.0514(1.83)
0.0540(1.89)
0.0518(3.32)
0.0539(1.50)

0.0523(1.85)
0.0531(1.90)

0.0532(2.41)
0.0528(8.98)

0.0543(1.46)
0.0715(2.53)
0.0543(1.44)
0.0532(2.95)
0.0541(1.76)

0.0739(0.92)
0.07.30(0.92)

0.0718(0.91)
0.1031(0.91)
0.0713(0.91)
0.0735(0.93)

0.0734(0.93)
0.0717(0.91)

0.0728(0.91)
0.0657(0.94)
0.0726(0.96)

0.0728(0.91)

0.1078(0.92)
0.1519(0.94)
0.0729(0.98)
11.0675(0.95)

0.0723(0.93)
0.0707(0.91)

0 0777(1 40)
(1.0986(1.40)

0.1174(1 47)

0.0772(1.40)

0.0568(1.43)
0.0788(1.40)
0.0798(1.40)

0.0779(1.40)
0.0776(1.40)
0.1341(1 40)

0.0696(1.40)
0.1041(1.71)

0.0779(1.69)
0.1053(1.74)
0.0782(1.69)
0.0785(1.69)
1)0771(1.69)

0.0758(1.69)
0.0762(1.69)
0.0716(1.69)

0.0761(1.69)
0.0783(1.69J
0 4504(1.80)
0.1030(1.69)
0.0980(1.70)
0.1187(1.69)

0.0577(1.16)

0.0561(1.20)
0.0574(1.16)
IIIIM2I1 'in
0.0565(1.18)
0.0563(1.17)

0.0530(1.17)
0.0571(1.17)

0.0558(1.16)
0.0439(1.17)
0.0559(1.17)

0.0566(1.17)
0.0557(1.29)
0.0572(1.16)

0.1568(1.20)
0.0568(1 16)

0.0581(1.17)
0.0488(1.17)

0.5X36(1.72)

0.5520(2.82)
0.5470(2.72)
0.8531(1.34)

0.5581(1.83)
0.5717(3.31)

0.5502(3.44)
11.5515(1.66)

0.5525(1.51)
0.5091(4.26)

0.5419(5.47)
11.55X1(1.70)

0.9276(1.37)
1.5038(1.82)

0.5667(6.14)
0.4868(4.88)
0.53X3(3.38)
0.6095(1.5S)

0.6030(2.02)
0.8196(2.1X1)

1.0385(5.77)

0.6039(2.32)
0.4063(6.08)

0.6355(2.13)
0.6.331(1.96)

0.6111(2.28)

0.6093(2.08)

1.4344(1.57)

0.5283(2.87)
1.0022(4.12)

0.6113(2.89)
0.8272(7.09)

0.6071(2.59)

0.6211(2.98)
0.6229(2.44)

0.5924(2.16)
0.5998(2.52)

0.5391(3.48)
0.5955(248)
0.6124(1.97)

8.7692(2.47)
0.8510(2.86)

0.8122(2.95)
1.0612(2.28)

0.4327(1.82)
0.3963(5.81)
0.4221(1.58)
0.3842(1.90)
0.4250(3.88)
0.3992(2.28)
0.3943(2.34)
0.40X0(3.67)

0.4152(2.02)
0.3168(2.3)
0.4094(2.34)

0.4149(2.81)
0.4058(9.22)

0.4278(1.98)
1.5451(2.93)
0.4256(1.96)

0.4256(3.31)

0.3641(2.23)

0,0246(2.18)
0.0222(6.68)

0.0234(2.53)
0.0319(1.16)
0.0308(40.4)

0.0226(11.5)
0.0226(2.99)
0.0217(4.33)
0.0198(8.66)

0.0223(1.56)
0.0199(17.10)
0.0223(6.12)

0,0361(2.25)
11.0446(2.31)

0,0233(4.83)
0.0175(8.59)

0.0208(6.80)
0.0174(7.58)

0.0226(9.49)
0.0300(2.61)
0.0361(4.43)

0.0240(11.7)
0.0179(18.00)
0.0289(7.75)

0.0277(1.85)
0.0238(6.57)
0.0243(3.50)
0.2084(2.27)
0.0197(9.62)
0.0346(3.00)
0.0236(11.1)
0.0324(2.74)

0.0252(10.1)
0.0238(6.24)
0.0252(6.92)
0.0253(4.17)
0.0251(10.7)
nd

0.0279(15.5)
0.0350(6.03)
0.1289(2.81)
0.0318(1.96)
0.0317(2.75)
0.0376(2.19)

0.0182(1.87)

0.0176(6.15)
0.0175(1.54)
0.0155(1.88)
0.0181(3.92)

0.0174(2.32)
0.0170(2.77)
0.0177(4.16)

0.0177(2.07)
0.0116(2.22)
0.0176(2.48)
0.0177(3.00)
0.0153(10.50)
0.0183(1.87)
0.0467(4.27)

0.0180(1.72)
0.0181(3.82)
0.0166(2.32)

503±30

404*57
424*55
603*19
483±33

470*68
387±72

444*28
414*24
459±90

377±119

438±29

688*19
98(l±30

467*132
297±107

371*67
693*25

465*29
614*27
746*114

481*37
279-132
548*31

511*27
488*36
488*30
1137*11

415*52
923*73
4X8*47

491*147
463*39
506*49
553*34
479*25
496*37
396*64
481*36
481*18
2242*26
6(11*45

606*48
770*28

387*28
251*128
344*21

387*31

394*80
259*42
371*43
277*76
368*34
299*42
334*45
336*55
320*205
38.3*35

971*52
3X5*32

3.36*67

373*40

459*4
455*4
417*4
6.13*6

444*4
457*4
457*4
446*4
453*4
410*4
452*4
453*4

660*6
912*8
454*4
421*4
450*4
440*4

482*6
606*8
716*10
479*6
356*5
489*7
495*7
484*7
482*6
811*11

434*6
638*10
484*8
645* 11

486*8
487*8
479*8
471*8
473*8
446±7
47.3*8

486*8
2397*36
632*10
603*10
723*12

362*4
352*4
360*4
322*4
354*4
353*4
333*4
.358*4

350*4
277*3
351*4
355*4
350*4
358*4
939*11
356*4
364*4
307*4

467*6
446* 10

443*10
626*6
450*7
459*12
445*12
446*6
447*7
418*15
440*20
450*6
666*7
932* 11

456*23
403*16
4.37*12

483*6

479*8
608*9
723*30
480*9
346*18
499*8
498*8
484±9
4X3*X

903*9
4.31*10

705*21
4,84*11

612*33
482*10
491*12
492*1(1

472*8
477*10
438*12
474*9
485±X

2314*22
625*13
604*13
7.34*12

365*6
339*17
358*5
330*5
360*12
341*7
338*7
347* 11

353*6
279*6
348*7
352*8
346*27
362*6
949* IX

360*6
360*10
315*6

492*30
443*29
468*12
6.34*7

614*244
451*52
45.3*13

4.34*19

396*34
445±7

399*68
445*27
717*16
881*20
465*22
351*30
416*28
348*26

453*43
598*15
716*51

480*56
358*64
576*44
552*10
476*31
498*17
3826*79
395*38
688*20
472*52
645*17
503*50
475*29
503*34
505*21
500*53
nd

556*85
695*41
2450*65
633*12
630*17
747*16

565*7

352*5
.312*6

364*14
5511*8

541*9
354*15
.356*7

233*5
352*9
354* 11

307*32
366*7
922*38
362*6
362*14
332*8
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Tab. 2 (com.) SHRIMP U-Pb isotopic data. Abbreviations: C central doomains identified cores in some cases):

Z zoned domains (in most cases - tips of pyramids): H homogeneous domainns: D detrital grain. nd not determined.

1 lh Th/U Ph 206PI.
204Pb

2071'h'
206Pb*

2I16PI)*

2.381,

2(l7Ph
2351)

: 2i)8Pti
2321h

7/6 age R8 age R5 age 8/32 age

ppm ppm ppm *'\ *"„ *"- -

VMHIN Sample 96 »14
Gm 1-1 II 294 273 0.926 27 6369 0.0563(2.17) 0.0779(1.40) 0.6048(2.72) 0.0.0240(1.86) 465*48 483*7 480*10 479*9

Gm 2-1 H 119 57 0.478 10 2445 0.0528(6.50) 0.0821(1.45) 0.5979(6.83) 0.0.0243(5.86) 320*148 509*7 476*26 485*28

Gm 3-1 H 2119 :o7 n.51.3 17 38460 0.0591(2.10) 0.0755(1.40) 0.6157(2.66) 0.0.0253(2.27) 572*46 469*6 487* 10 505*1 1

Gm 4-1 II 169 91 0536 : ¦ 7692 0.0561(3.74) 0.0803(1.41) 0.6212(4.16) 0.0.0243(338) 455*83 498*7 491*16 486*16

Gm 5 1 II 112 60 0.534 in 452 0.0536(10.60) 0.0780(1.51) 0.5764(10.90) 0.0.0251(7.86) 354*241 484*7 462*4(1 502*39

Gm 6-1 H 168 86 0.513 ¦ 5319 0.0555(336) 0.0809(1.41) 0.6187(3.80) 0.0.0253(3.11) 432*75 501*7 489*15 506*16

Gm 7-1 C S22 V 0.221 30 5145 011485(245) 0.0371(1.40) 0.2484(2.97) 0.0.0108(4.26) 125*58 235*3 225*6 217*9

Gm 7-2 C 1160 :7s 0.11 47 200000 0.0514(0.98) 0.0438(1.39) 0.3100(1.80) 0.0.0141(2.51) 257*22 276*4 274*4 282*7

Gm 8-1 H 276 208 0.753 25 21752 0.0575(1.81) 0.0803(1.40) 06367(242) 0.0.0250(1.88) 510*40 498*7 51X1*10 500*9

Gm 9-1 II 247 97 0.394 l1 2X73 1)0558(4.51) 0.0435(1.41) 0.3345(4.89) 0.0.0224(3.32) 443*100 275*4 293*12 448= 15

Gm 10-1 11 249 6.1 0.656 21 2105 0.0566(3.42) 0.0739(1.41) 0.5771(3.86) 0.0.0251(2.57) 476*76 460*6 463*14 501*13

Gm 11-1 II 134 60 0.447 11 8772 0.0564(3.60) 0.0785(141) 0.6111(4.03) 01111243(5 711 470*80 487*7 484*16 485*18

Gm 12-1 H 129 79 0.615 11 7752 0.(1584(4.04) 0.0818(1.42) 0.6592(4.45) 0.0.0256(3.29) 546*88 507*7 514*18 512*17

Gm 15-1 H 103 51 0.49.3 'i 850 0.0561(8.82 (I.08O411.49) 0.6224(9.12) 0.0.0249(7.68) 458*196 498*7 491*36 498*38

Gm 14-1 11 11(1 63 0.571 10 8772 0.0575(4 17) 0.0804(1.42) 0.6.368(4.58) 0.0.0257(3.50) 509*92 498*7 500*18 513*18

Gm 15-1 C 316 06 0.336 99 90909 11.1122(0.561 0.2985(1.41) 4.6169(1.59) 0.0.0929( 1.80) 1835*10 1684*2 1752*13 1795*31

Gm 16-1 H 396 258 0.651 35 1 3889 0.0569(2.32) 0.(1807(1.4) 0.6329(2.85) 0.0.0254(1.12) 488*51 500*7 498*11 508*11

Gm 17-1 l 289 19 0.412 179 333333 0.2041(0.29) 0.5445(1.42) 15.3215(1.48) 0.11.1488(1.59) 2859*5 2802*32 2835*14 2804*42

Gm 18-1 H 1X4 46 0.798 17 4566 0.0549(3.51) 0.0818(1.41) 0.6190(3.94) 0.0.0251(2.46) 407*79 507*7 489*15 501*12

Gm 19-1 11 456 43.3 0.951 41 19231 0.0570(1.81) 11.0737(1.40) 0.5794(2.42) 0.0.0271(1.66) 493*411 458*6 464*9 540*9

Gm 211-1 H 21X 158 0.726 20 6289 0.0572(2.81) 0.0832(1.41) 0.6572(3.29) 0.(1.0263(2.28) 501*62 516*7 513*13 526* 12

(,R AN PAR UMSO orthogneiss - Samp e ZH 96-2.3

Gn 1-1 Z 1766 :26 0.071 70 103119 0.0523(1.22) (10425(1.83) 0.3064(2.32) 0.0.0141(5.19) 299*28 268*5 271*6 283*15

Gn2-1 C 455 163 0.359 20 5988 0.0519(3.08) 0.04.32(1.83) 0.3092(3.73) 0.0.0134(3.69) 283*69 273*5 274±9 270*10

Gn3-1 C 674 73 0.109 26 3922 0.0498(2.78) 0.0402(1.83) 0.2760(3.52) 0.0.0113(9.70) 184*65 254*5 248*8 227*22

(,n4-l c 865 65 0.075 54 8696 0.0585(1.47) 0.0665(1.83) 0.5363(2.49) 0.0.0225(6.84) 550*32 415*7 436*9 450*30

Gn5-1 Z 653 71 0.109 28 7042 0.0508(2.07) 0.0454(1.83) 0.3181(2.93) 0.0.0131(6.95) 231*48 286*5 280*7 263*18

Gn6-1 c 1824 402 0.22 65 14493 0.0516(1.36) 0.0368(1.83) 0.2621(2.41) 0.0.0126(2.69) 268*31 233*4 236*5 254*7

Gn7-1 c 827 35 0.042 33 47619 0.0521(1.67) 0.0433(1.83) 0.3112(2.63) 0.0.0155(10.80) 290*38 273*5 275*6 311*33

Gn 8-1 / 1171 263 0.225 19 5128 0.0512(1.75) 0.0427(1.83) 0.3013(2.68) 0.0.0125(3.46) 248*40 270*5 267*6 250*9

Gn9-1 c 287 276 0.961 34 6173 0.0597(1.94) 0.1016(1.83) 0.8373(2.83) 0.0.0314(2.15) 595*42 624*11 618*13 625*13

Gn lll-l c 419 126 0.301 32 6711 0.0552(2.07) 0.0772(1.83) 0.5878(2.93) 0.0.0230(3.35) 421*46 479*8 469*11 459*15

(711 11-1 329 153 0.464 !4 nd 0.0619(1.60) 0.0985(1.83) 0.8410(2.58) 0.0.0310(2.42) 671*34 606*11 620*12 617*15

Gn 12-1 c 1308 99 0.075 51 llllll 0.0521(0.92) 0.0420(1.83) 0.3020(2.15) 0.0.0140(2.99) 289*21 266*5 268*5 281*8

Gn 1.3-1 c 546 87 11343 24 nd 0.0528(2.86) 0.0434(1.83) 0.3165(3.58) 0.0.0137(3.66) 322*65 274*5 279*9 275*10

Gn 14-1 c 1439 93 0.064 57 40000 0.0510(1.19) 0.0431(1.8.3) 0.3032(2.31) 0.0.0138(5.61) 242*28 272*5 269*5 277*15

Gn 15-1 c 342 66 0.194 14 3205 0.0491(4.69) 0.0419(1.84) 0.2837(5.25) 0.0.0114(9.90) 153*110 265*5 254*12 229*22

Gn 16-1 c 462 84 0.181 19 9446 (1.0514(3.52) 0.0433(1.84) 0.3071(4.17) 0.0.0130(7.55) 261*81 273±5 272*10 261*20

(In 17-1 c 445 43 0.096 31 nd (1.0580(2.07) 0.0733(1.83) 0.5861(2.92) 0.0.0256(7.56) 530*45 456*8 468*11 511*38

Gn IX-I c 169 17 0.101 12 47619 0.0604(3.04) 0.0739(1.84) 0.6157(3.74) 0.0.0194(13.64) 620*66 459*8 487*14 389*53

(.n 17-2 (' 547 54 0.1 28 nd 0.0579(2.22) 0.0548(1.83) 0.4373(3.05) 0.0.0200(7.18) 525*49 344*6 368*9 400*28

Gn 19-1 c 1205 785 0.652 54 7752 0.0514(1.55) 0.0414(1.83) 0.2932(2.55) 0.0.0123(2.11) 259*36 261*5 261*6 248*5

Gn20-I 7 1728 114 0.066 61 25641 (1.0520(1.06) 0.0381(1.83) 0.2734(2.22) 0.0.0132(4.44) 287*24 241 ±4 245*5 265* 12

Gn 21-1 c 649 12 0.172 26 8772 0.0516(1.90) 0.0421(1.83) 0.2999(2.80) 0.0.0128(4.16) 270*44 266*5 266*7 257*11

Gn23-I c 577 149 0.605 211 24390 0.1159(0.37) 0.3285(1.84) 5.2490(1.92) 0.0.0952(1.91) 1831*29 1893*7 1861*16 1839*34

(in 24-1 Z 292 120 11.411 12 1381 0.0454(6.74) 0.0401(1.86) 0.2507(7.21) 0.0.0118(6.14) nd 253*5 227*15 238*15

GRAN PARADISO mehrte - Sample ZH 9o-24

Gpl-1 Z 1542 80 0.05 66 5882 0.0501(1.66) 0.0400(1.58) 0.3181(2.15) 0.0.0113(13.00) 202*39 390*3 280*5 227*29

Gp2-1 c 274 97 0.354 12 2882 0.0545(5.38) 0.0424(1.20) 0.3187(5.66) 0.0.0143(5.76) 391*121 268*3 281*14 288*16

Gp.1-1 c 168 48 0.289 16 5347 0.0613(3.78) 0.0951(1.19) 0.8039(4.11) 0.0.0318(5.52) 649*81 586*7 599*19 633*34

Gp4-I c 228 106 0.467 89 15129 0.1290(0.55) 0.3576(1.2) 6.3605(1.38) 0.3.1036(1.55) 2084*10 1971*20 2027*12 1992*29

Gp.vl Z 951 107 0.113 38 4807 0.0508(2.18) 0.0421(1.17) 0.2949(2.60) 0.0.0135(6.5) 232*50 266*3 262*6 271*17

Gp6-1 c 765 514 0.671 82 14706 0.0585(0.92) 0.0977(1.16) 0.7884(1.58) 0.0.0300(1.37) 550*20 601*7 590*7 598*8

Gp7-1 c 832 233 0.28 35 4926 0.0512(2.19) 0.0424(1.17) 0.2988(2.61) 0.0.0131(3.09) 248*50 267*3 265*6 263*8

Gp X-l c 2045 18 0.067 87 7" 77 0.0511(0.95) 0.0460(1.16) 0.3242(1.59) 0.0.0148(4.01) 248*22 290*3 285*4 297*12

Gp9-1 c 306 82 0.269 35 -ii as 0.0627(2.04) 0.1141(1.18) 0.9862(2.48) 0.0.0348(3.57) 697*43 697*8 697*12 691*24

Gp 10-1 Z 1506 184 0.122 59 101)9 0.052(1(1.33) 0.0418(1.16) 0.2999(1.87) 0.0.0100(4.67) 286*30 264*3 266*4 200*9

Gp 10-2 c 1.361 78 0.057 56 8403 0.0511(1.54) 0.0448(1.17) 0.3158(2.05) 0.0.0137(8.78) 247*36 282*3 279*5 276*24

Gp 11-1 c 464 •-1 0.597 21 3636 0.0520(3.15) 0.0418(1.17) 0.3000(3.49) 0.0.0132(2.45) 286*72 264*3 266*8 264*6

Gp 12-1 c 339 178 0.524 36 5000 0.0600(2.20) 0.0995(1.18) 0.8223(2.62) 0.0.0308(2.26) 602*48 611*7 609±12 614*14

Gp 13-1 c 354 119 0.335 16 1102 0.0484(6.10) 0.0428(1.20) 0.2852(6.36) 0.0.0132(6.66) 117*127 270*3 255*14 265*18

Gp 14-1 z 1717 126 0.074 66 2681 0.0505(1.74) 0.0406(1.17) 0.2830(2.21) 0.0.0109(9.30) 219*40 257*5 253*5 220*20

Gp 14-2 c 384 167 0.4.34 154 14925 0.1687(0.39) 0.3579(1.18) 8.3221(1.29) 0.1.1074(1.43) 2544*6 1972*20 226*127 2063*28

Gp 15-1 c 397 120 0.301 38 12345 0.0615(1.50) 0.0964(1.17) 0.8175(2.02) 0.0.0310(2.35) 658*32 593*7 607*9 616*14
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Tab. 2 (com.) SHRIMP U-Pb isotopic data. Abbreviations: C central domains identilied cores in some cases);
Z zoned domains (in most cases tips of pyramids); H homogeneous domains: D detrital grain. nd not determined.

l lh Th/U Pb 2116 Ph

2U4Pb

207PI)7

206Tb«

206Ph"
238U

207Ph >

2.35U

2()8Ph

232Th
7/6 age R8 age RS age 8/32 age

ppm ppm ppm *¦•„ *"., *"-
VAL PEl.OUSE - Sample SS 97 15

Ss 1 1) 909 597 0.657 151 4037 0.0695(1.21) 0.1499(2.07) 1.4358(2.52) 0.0457(2.32) 91 1*25 900*17 904*15 903*20
Ss2 1) 151 59 0.392 21 669 0.0673(6.82) 0.1273(2.14) 1.1810(7.40) 0.0393(8.93) 847*142 772*41 792*41 780*69
Ss 3 1) 907 426 0.47 157 6605 0.0732(0.95) 0.1640(2.07) 1.6534(2.38) 0.0494(2.34) 1020*19 979*19 992*15 974*22
Ss4 D 296 164 0.555 32 883 0.0559(5.50) 0.0980(2.09) 0.7549(6.13) 0.0292(4.85) 448*123 60.3*12 571*27 582*28
Ss5 D 433 1884 4.353 529 8192 0.2355(0.35) 0.5884(2.09) 19.1036(2.16) 0.1570(2.13) 3090*6 2983*50 3047*21 2948*58
Ss6 D 367 798 2.17.3 89 1789 0.0715(2.13) 0.1592(2.08) 1.5711(3.16) 0.0478(2.24) 973*44 952*18 959*20 944*21
Ss7 D 249 177 0.71 36 877 0.0615(5.17) 0.1215(2 10) 1.0294(5.82) 0.0387(3.98) 656* 111 7 3i)* 15 719*30 768*30
SsS D 279 232 0.834 33 1153 0.0644(4.26) 1)0988(2(191 0.8772(4.97) 0.0315(3.30) 755*9(1 607*12 639±24 628*20
Ss9 1) 175 90 0.51 ,n 1156 0.0748(3.89) 0.1539(2.11) 1.5884(4.65) 0.0486(4.66) 1064*78 923*18 966*29 958*44
Ss 111 D 210 176 0.84 25 613 0(159(1(7.09) 0.0977(2.12) 0.7948(7.65) 0.0291(4.56) 567*155 601*12 594*34 580*26
Ss 11 D 368 452 1.23 47 1390 0.0610(3.70) 0.1007(2.08) 0.8477(4.46) 0.0309(2.64) 640*8(1 619*12 623*21 615*16
Ss 12 D 1006 131 0.13 98 2941 0.0604(1.77) 0.1010(2.07) 0.8412(2.88) 0.0303(6.05) 619*38 620*12 620*13 604* 16

Ss 13 D 15.3 137 0.9 25 572 0.0609(7.52) 0.1294(2.14) 1.0863(8.07) 0.0385(4.68) 635*162 784*16 747*43 76.3*35
Ss 14 D !53 176 0.72 47 1562 0.0715(2.80) 0.1614(2.09) 1.5919(3.70) 0.0486(3.12) 97.3*57 964*19 967*23 960*29
Ssl5 D : 15 110 0.76 33 606 0.0696(5.71) 0.1912(2.14) 1.8344(6.34) 0.0535(4.92) 916*118 1128*22 1058*42 1054*51
Ss 16 II 198 75 0.38 22 674 0.0586(6.71) 0.1006(2.11) 0.8131(7.28) 0.0319(7.83) 553*147 618*12 604*33 635*49
Ss 17 1) 164 131 0.79 55 990 0.0770(4.02) 0.1767(2.12) 1.8763(4.77) 0.0537(3.76) 1122*80 1049*21 1073*32 1057*39
Ss 18 D 92 89 0.97 20 392 0.0597(9.72) 0.1636(2.20) 1.3468(10.2) 0.0462(5.56) 593*212 977*20 866*60 912*50
Sv 19 1) 949 60 0.06 95 2457 0.0602(1.73) 0.1052(2.07) 0.8728(2.86) 0.0275(12.90) 610*37 645*13 637*14 549*70
Ss20 1) 155 158 1.02 21 484 0.0552(10.6) 0.1029(2.16) 0.7834(11.1) 0.0306(5.18) 422*239 631*13 587*50 608*31
Ss 21 1) 273 180 0.66 50 1198 0.0685(3.23) 0.1606(2.09) 1.5165(4.06) 0.0472(3,43) 884*67 960*19 937*25 9.33*31
Ss22 1) 70 7 0.1 8 395 0.0810(11.5) 0.1029(2.30) 1.1492(12.0) 0.0935(23.80) 1222*228 631*14 777*65 1808*412
Ss23 1) 1057 89 0.08 302 5586 0.1354(0.43) 0.2843(2.07) 5.3076(2.17) 0.0664(4.74) 2169*8 1613*30 1870*19 1300*60
Ss24 1) 1068 1052 0.99 114 3125 0.0595(1.67) 0.0897(2.07) 0.7363(2.82) 0.0272(2.26) 585*36 554* 11 560*12 54.3* 12

Ss25 1) 212 542 1.6 27 685 0.0605(7.59) 0.0913(2.12) 0.7618(8.13) 0.0270(3.31) 622*164 563*11 575*36 539*18
Ss26 1) 32 17 (1.53 6 242 0.0880(16.1) 0.1488(2.63) 1.8055(16.7) 0.0561(16.5) 1382*314 894*22 1047*1091104*178
Ss27 D 103 40 0.39 S,7 3049 0.2925(0.65) 0.6844(2.17) 27.5988(2.35) 0.1789(3.46) 3431*111 3361*57 3405*23 3327*106
Ss28 1) 172 54 0.31 23 687 0.0689(5.79) 0.1236(2.12) 1.1739(6.41) 0.0368(9.88) 895*120 751*15 788*35 7311*71
Ss29 D 7-1-1 183 0.53 57 1831 0 1079(1.68) 0.1453(2.08) 2.1607(2.83) 0.0500(3.03) 1764*31 874*17 1169*20 986*29
Ss 30 D 392 172 II 14 39 1058 0.0571(4.47) 0.0930(2.08) 0.7320(5.16) 0.0280(4.93) 494*99 573*11 558*22 559*27
Ss 31 D 610 1150 1.89 94 1736 0.0583(2.56) 0.1066(2.07) 0.8567(3.49) 0.0325(2.24) 542*56 65.3* 13 628*16 646*14

"Schistes Lustres" of Piemont origin. The whole
pile rests on top of the Gran Paradiso orthogneiss
dorne (Piemont Zone).The Cogne pre-Alpine in¬

trusive, of calc-alkaline affinity (Desmons and
Ploquin, 1989; Bonin et al.. 1993) was suspected
to belong to the group of meta-igneous rocks now
dated at ca. 500 Ma in the Brianconnais Zone.
Two samples of metagranodiorites have been
analysed (both sampled in a scree. downstream of
the Cogne village). Sample ZH 95-19 is a light-
coloured metagranodiorite containing quartz, al¬

bite. brown neo-biotite. remnants of a pale green
amphibole. epidote and abundant titanite and zir¬

con. Sample ZH 95-20 is a darker metagranodio¬
rite in which amphibole is more abundant. Con¬
ventional U-Pb isotopic analyses were performed
on zircons from sample ZH 95-20 and SHRIMP
analyses on zircons from sample ZH 95-19. The
zircon fractions prepared for the conventional
study (ZH 95 20) are lilac colour and euhedral.
but the surfaces of the zircon grains are often ir¬

regulär with occasional smoothed edges. Only a

few grains are easy to index using the Pupin

(1980) Classification, and they suggest a calc-alka¬
line origin. BSEM images show a regulär zoning
of magmatic type, large apatite inclusions and ir¬

regulär faces. The outer rim comprises a large
number of tiny quartz inclusions (formed during
overgrowth?). Zircons from sample ZH 95 19. an¬
alysed on SHRIMP II. have a very similar typolo¬
gy. BSEM images show a regulär, magmatic zon¬
ing and suggest the presence of a recrystallised
(nebulitic) core in some grains (Fig. .3).

Conventional analyses - Four out of five frac¬
tions from sample ZH 95-20 define an upper in¬

tereept age of 363 ± 24 Ma (MSWD 0.13). All
analytical points are highly discordant. and corre¬
spond to low 206Pb/204Pb ratios. even for the abrad-
ed fraction (Bl), which explain the large errors in
the age (Tab. 1 and Fig. 5a). One fraction (B0) is
far from the discordia and suggests a Pan-African
inheritance in the magma source.

SHRIMP results - Analytical results from
sample ZH 95-19 (18 analyses on 16 zircon grains)
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Fig. 5 Concordia diagram for Cogne granodiorites: (A) conventional data (sample ZH 95-20. 2o- errors):
(B) SHRIMP data (sample ZH 95-19. lcr errors) except inherited point at ca. 950 Ma: (C) enlargment of the 10

eoncordants points (filled boxes are cores); (D) Tera-Wasserburg diagram.

are given in table 2 and shown on figure 5. Data
show high 2ll(,Pb/2ll4Pb ratios except for three
points which were not used for statistics. One
analysis shows an inherited core at ca. 950 Ma (14-
1). However. most data points are almost con¬
cordant and zoned domains or cores are not sig-
nificantly different. Pooling together the 10 con¬
cordant points (Fig. 5c: 8 Z and 2 C) yields the fol¬

lowing results: 2(l6Pb/2WU age 356 ± 3 Ma (X2
1.14); 2«7Pb/235U age 356 ± 5 Ma (X2 1.18);
2ii7Pb/2i)6pb agc 352 ± 28 Ma (X2 - 1.06). If zoned
(Z) domains are treated separately (8 analyses)
the results are very similar (2,)6Pb/2,8U age 358 ±
4 Ma with X2 0.72). Four analytical points yield¬
ed younger apparent ages. Two of the analyses
have obviously suffered lead loss and two other
spots (10-1, and 17-1) correspond to a small inclu¬
sion and a crack.

On the Tera-Wasserburg diagram (Fig. 5d)
most of the points. except the four showing young
apparent ages and the old core. are close to a low¬

er intereept at 357 Ma.

4.3.THE AMBIN BASEMENT DOME

The Ambin massif outcrops as a large dorne over¬
lain by a parautochthonous Mesozoic Brianiion-
nais-type cover and a thick pile of allochthonous
"Schistes Lustres" of oceanic Ligurian-Piemont
origin (Fig. 1). The Ambin Formation forms the

upper part of the basement dorne (Borghi and
Gattiglio. 1997). It comprises high-pressure mi¬
caschists and conglomerates. Close to the geomet-
rical top of the Ambin Formation, metarhyolites
and greenstones occur on the Italian side. An un-
derestimation of the tectonic nature of the con¬
tact between the Ambin Formation and overlying
Permian and Triassic formations explains why. for
a long time, the Ambin Formation was thought to
be Permian in age.

Two samples have been analysed: 96 AM 4

(Casa Bolmi. Val Clarea) is a completely recrys¬
tallised metarhyolite with albitised and sericitised
K-feldspar. fine-grained quartz and albite. phen¬
gite and secondary calcite and ankerite; 96 AM 6
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(Ramats, Valle d'Ulzio) is similar with more phen¬
gite, no calcite but some secondary hematite. In
both samples zircons are very small (< 75 um) and
colourless except for some rare larger brown
grains.The zircon crystals are of a poor quality for
dating as they contain many tiny inclusions of
quartz, biotite and xenotime. The typology is typi¬
cally alkaline (Pupin, 1980). BSEM images sitow
faint or no zoning. The zircon population shows
two contrasting grain types: small clear euhedral
grains: and larger brown, euhedral grains, which
are sometimes slightly rounded. TTie margin of
several grains is outlined by a thin. lighter, discon-
tinuous, outer zone which may correspond to tiny
overgrowths and suggests a post-crystallisation
event.

Conventional analyses - Six zircon fractions of
the metarhyolite sample AM 96 4 were analysed
using conventional techniques. Common lead lev¬
els were high, as indicated by low 21l6Pb/2,uPb ratios

especially for two fractions weighting less than 20

pg. This may be due to the numerous inclusions
present in the zircon crystals (Tab. 1 and Fig. 6a).
The four remaining points are poorly aligned and
very discordant. They define an upper intereept at
484 ± 88 Ma (MSWD 18) except for Cl (2(17Pb/
20(,Pb age of 487 ± 19 Ma). However, the average of
the 207Pb/2,l6Pb apparent ages for these four frac¬
tions yields an age of 496 ± 21 Ma which is consid¬
ered as the best estimate for the crystallisation age.

SHRIMP results - Twenty-one analyses for 20
zircon grains from the metarhyolite sample 96
AM 6 are shown in table 2 and on figure 6. The
2()6Pb/204Pb ratios are high except for two points.
Three groups may be defined from the Concordia
diagram (Fig. 6b):

(1) Two zircon grains (15-1 and 17-1) corre¬
spond to 2l,7Pb/2,)6Pb ages of 1835 and 2860 Ma, re¬
spectively. One is rounded and the other is a poly-
facetted brown grain.
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(2) The main group. which is almost concord¬

ant. comprises 14 analyses corresponding to (H)
type domains (Fig. 6c). Three analyses (19-1. 10-1

and 3-1) are located slightly below the main

group: they are slightly discordant and may sug¬

gest lead loss. Pooling together the 11 remaining
analvses. the obtained figures are: 206Pb/238U age
500 ± 8 Ma (X: 1.72): 2,l7Pb/2:'5LJ age 494 ± 8 Ma
(X2 0.62): 2irPb/2l,hPb age 478 + 28 Ma (X2

0.39). Zircons have a high Th content with a Th/U
ratio between 0.5 and l.The average 2mPb/2:'2Th

age for the whole group is 500 ± 15 Ma and is sim¬

ilar to the ;ü6Pb/2WU age.
(3) Three points (7-1.7-2 and 9-1) are located

far below the main group. between 240 and 280

Ma.The spot of grain 9-1 shows cracks and inclu¬
sions. Grain 7. where the two spots are located in a

core zone. also shows micro-cracks. For these rea-
son. they are not likely to correspond to a Permi¬

an event.
The Tera-Wasserburg diagram (Fig. 6d) shows

that the points of the main group are not aligned.
the scatter probably being the result of a combi-
nalion of inheritance and lead loss.

4.4.THE GRAN PARADISO GNEISSIC DOME

The Gran Paradiso gneissic dorne is the struetur-
ally deepest unit of the Piemont Zone.The gneiss¬

es are overlain by a thin metasedimentary cover.
presumed to be Permian to Malm in age, and by
the allochthonous "Schistes Lustres". a high-pres¬
sure metamorphic assemblage of calcschists and
metabasites derived from the Ligurian ocean.
Two samples from Ihe Ecot village have been ana¬

lysed. A porphyritic orthogneiss (ZH 96 23) is the
most common rock type in the whole massif, and
ils magmatic origin is well-established (Ber¬
tram). 1968: Vearncombe. 1983). The rock con¬
tains large perthitic K-feldspars and biotite has

been replaced by phengite. rutile and titanite with
local crystallisation of neo-biotite and epidote.
Rare chemical data suggest a sub-alkaline trend
(Bonin et al., 1993). Another sample (ZH 96 24) is

from a darker metre-size enclave in the ortho¬

gneiss: it comprises recrystallised K-feldspar. al¬

bite replacing an older plagioclase. large relict
biotite. neo-biotite and secondary allanite. Both
samples yielded euhedral zircons with numerous
inclusions and obvious cores.

Zircon types observed in the orthogneiss (ZH
96-23) indicate a relatively high-temperature
calc-alkaline typology (Pupin. 1980). As shown
from BSEM images, cores are obvious in many
grains.They show a nebulitic recrystallisation pat¬
tern with white, irregulär zones which may exist

throughout the grain. and local concentrations of
uranium-rich mineral inclusions (uranothoritc,
Fig. 3). Some grains are rounded and show an ir¬

regulär recrystallisation of their margins forming
"loops" ol irregulär and very thin zoning. How¬

ever. some grains are perfectly euhedral and regu¬

larly zoned.
The dark enclave (sample ZH 96 24) has very

similar zircon types. Cores have been identified in

some grains.The zircon population is very hetero-

geneous in colour but most grains are euhedral.
However, some are rounded and may correspond
either to xenoerysts which have escaped any mag¬
matic overgrowth or to scalped cores.

Conventional U-Pb isotopic analyses yielded

poor alignments of the data points on a Concor¬
dia plot (data in table 1). Reference lines with
high MSWD yield lower intereepts in the 198-204
Ma ränge and upper intereepts at ca. 1100-1200
Ma.The scattering of the analyses and the reverse
discordia indicate a large inherited component
suggesting that none of these ages has a geologi¬
cal significance.

SHRIMP results: the porphyritic orthogneiss -
Twenty-four SHRIMP analyses were made on 23

zircon grains from the porphyritic orthogneiss
(ZH 96-23) (Tab. 2 and Fig. 7a). Except for one

point (24-1), the 2l,6Pb/2WPb ratios are high. Four

groups can be defined from the Concordia dia¬

gram (Fig. 7a):
(1) One old xenoeryst (23-1), almost concord¬

ant at 1893 ± 4 Ma (207Pb/2(l6Pb age).
(2) Discordant analyses on indistinctly zoned

domains and cores. spread between 350 and 650

Ma suggesting an upper intereept at ca. 640 Ma
where two, almost concordant, points are located
(9-1 and 11-1 ).The corresponding lower intereept
is close to group (3).

(3) The main group of concordant points is

centered at ca. 250-280 Ma (Fig. 7b). It comprises
2 cores located near the oldest end of the spread.
Two other points are clearly separated from the
main group at both ends (3-1 below and 5-1

above), both being slightly above the Concordia.
The weighted mean of the 13 points (zoned do¬

mains and cores together) shows: 2f)6?b/2M\J age
269 ± 6 Ma (X2 2.33); 2()1VbPKU age 269 ± 6 Ma
(X2 1.33); 207Pb/2(K,Pb age 269 ± 19 Ma
(X2 0.63). For 11 points (deleting the two end

points) the ages are identical except for better X2

and a slightly older, but within an acceptable

ränge of error, 2,)7Pb/20hPb age 274 ± 19 Ma

(X2 0.50).
(4) Two points located below the main group

(3-1 and 20-1) probably correspond to lead loss.
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On the Tera-Wasserburg diagram (Fig. 7c). the
600 Ma group is scattered. having probably lost
some lead. If we exelude the inherited grains of
groups 1 and 2, the intereept at 271 Ma agrees
with the above estimate.

SHRIMP results: the dark enclave - Analytical
results from sample ZH 96-24 are given in table 2

(17 analyses out of 15 zircon grains). Except for
one point, the 2l,hPb/204Pb ratiosTare all above 1000.
Three groups may be defined from the location of
the analytical points along the concordia (Fig. 7d).
It is interesting to notice that 7 out of 17 analyses
correspond to Precambrian ages. They are:

(1) Two old grains at ca. 2000 and 2500 Ma (7/6
ages) which clearly correspond to old xenoerysts.
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detrital zircons.

(2) A well-defined group of four 600 Ma zir¬

cons (Fig. 7d) and one slightly older at 700 Ma,
which are almost concordant. This suggests that
they may correspond to a major event. The four
points yield a weighted 206Pb/238U age of 597 ± 18

Ma (X2 2.08).
(3) The 10 analytical points which constitute

the "Variscan" group (Fig. 7e). are spread be¬

tween 255 and 290 Ma.They are clearly separated
into two sub-groups with one single point lying a

little further below (the point with a low 2ll6Pb/

2,l4Pb ratio has not been considered). 2ll(,Pb/23KU

ages are between 280 and 290 Ma for the older
subgroup (3 points: 1-1. 8-1 and 10-2), but are lo¬

cated above the concordia. and between 260 and
270 Ma for the younger subgroup (5 points: 2-1,

5-1. 7-1. 10-1. 11-1). Point 14-1 is removed from
the two subgroups and has a 206Pb/238U age of 257

Ma. The observed pattern is indeed ambiguous
and the poorly statistically defined age of 270 Ma

(only 5 points) is preferred because it is similar to
the age defined by the orthogneiss (ZH 96-23).
Examination of the Tera-Wasserburg diagram
(Fig. 7f) favours this interpretation with a lower
intereept at 263 + 36 Ma.

4.5.THE -SERIE SATINEE" OF BELLEDONNE

In contrast to the units described above. which

belong to the Internal Domains, the "Serie Sat-

inee" belongs to the External Crystalline Massifs

(ECM) and has been chosen as a comparison.The
analysed sample belongs to an extensive mica¬

sehist belt running along the western edge of the
ECM. Our sample comes from a thin chloritic lay¬

er which has provided a small quantity of small.
brown coloured. rounded zircons.

SHRIMP results - Thirty one zircon grains
were analysed from sample SS 97 15 (Val Pe-

louse). Analytical spots were located near the

centre of grains which are approximately 70 um in
diameter. There is no obvious correlation be¬

tween the colour and shape of grains and their
apparent ages. During this particular measure¬
ment session, abnormally high concentrations of
common Pb were measured in both the analysed
crystals and the Standards.The reasons for this are
unknown. but. together with the used analytical
procedure (only four scans. see above). it leads to
a greater degree of error in the results. Table 2

shows the analytical data for the 31 measure¬
ments. 2ü7Pb/206Pb ages are preferred for Precam-
brian grains as recommended by Claoue-Long
et al. (1995). Four groups of data may be defined
according to their location on the concordia
(Fig. 8):

(1) Three old grains at ca. 2000. 3100 and 3400

Ma. the latter is one of the oldest zircon identified
in European rocks (Gebauer et al.. 1989). One

very discordant grain has a 2ll7Pb/2(l6Pb age of 1764

Ma. The analyses do not form an homogeneous
group and may represent several detrital sources
which may have been recycled a number of times
as suggested by BSEM images which show com¬

plex patterns (Fig. 3).
(2) A distinct group of Grenvillian zircons

with 2()7Pb/206Pb ages at about 800-1100 Ma is

clearly seen. Discarding discordant points. the Sta¬

tistical poohng (4 points) yields a 2(l7Pb/206Pb age
of 975 ± 60 Ma (X2 2.36). This almost concord¬

ant group suggests that a specific detrital source
existed at that time.

(3) Four points are scattered around 750 Ma,
but are discordant. It is not known if this group
has a specific geological significance, as it is un¬

known elsewhere.
(4) Twelve zircons yielded a Pan-African age

and form a homogeneous group on a concordia

plot (Fig. 8). Averaging the data yields a 207Pb/

206Pb age of 594 ± 36 Ma (X2 0.71). This group of
12 zircon grains (more than a third of the total
number of analyses) is almost concordant and
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provides strong evidence for the prominence of a
Pan-African source. However. 3 points which
form the lowest part of the group are scattered
and yield 2,,7Pb/2l,,,Pb ages between 539 and 559
Ma. More data are needed to test whether these
grains constitute a group of their own. which
would provide a maximum age for the formation.

5. Discussion

5.1. BRIANCONNAIS BASEMENT UNITS

Protolith zircons dated in the Brianconnais Zone
are dominantly Cambrian to Ordovician in age. In
the Sapey gneiss Unit (SGU) SHRIMP results
from the Modane metagranite define a major
event at 452 ± 5 Ma, and the Peclet orthogneiss
has an older age of 482 + 5 Ma. This older age is

interpreted as the timing of zircon crystallisation
in granitic protoliths.The age difference of 30 Ma
between the Peclet orthogneiss and the Modane
porphyritic metagranite suggests that several plu¬
tonic events occurred. The older Peclet ortho¬
gneiss (ZH 94-2) is heterogeneous and comprises
numerous deformed aplitic and pegmatitic veins
whilst the younger Modane metagranite (G94
004) is statically retrogressed and its granite tex¬
ture is preserved. In both samples, Pan-African
and less-marked ca. 1000 Ma inheritances were
observed when dating xenocrystic cores, but even
older inherited material is present. This explains
why the conventional approach on multigrain
fractions was unsuccessful and confirms that ion¬
probe in-situ isotope analysis is the best way to
date polymetamorphic rocks.

In the Brianconnais basement, the Arpont me¬
tagranite was dated at 479 + 6 Ma by the conven¬
tional method (Bertrand and Leterrier, 1997).
This age corresponds to the emplacement age of
an alkaline intrusive, but is slightly younger than
other alkaline granite bodies in the Briangonnais
basement dated at between 500 ± 2 Ma and 511 +
9 Ma (Guillot et al.. 1991; Bussy et al.. 1996:
Bertrand et al., 2000). The Arpont metagranite
belongs to a bimodal volcano-plulonic associa¬
tion which is reminiscent of the "leptyno-amphib-
olite series" defined in the French Massif Central
(see recent reviews in Bard. 1997; Faure, 1996:
Faure et al., 1997).The lack of post-emplacement
isotopic resetting suggests that the Variscan meta¬
morphism was very weak in the Brianconnais
basement.

The Ambin metarhyolites yielded similar ages
for both conventional and SHRIMP techniques.
SHRIMP results indicate a rather restricted
Archean to Proterozoic inheritance (2 analyses

on grain 21) and an age of 500 ± 8 Ma which is

interpreted as the primary emplacement age of
the rhyolites. There is no evidence of a Variscan
event.The previously assumed Permian age of the
Ambin Formation should therefore be dismissed.
Such a Cambrian-Ordovician age questions the
significance of the assumed older polymetamor¬
phic Clarea Formation (Borghi and Gattigi io,
1997) which forms the core of the Ambin alpine
dorne. Interestingly. the Early Paleozoic strati¬
graphic sequence delined in the low-grade forma¬
tions of South Sardinia, outside of the Alpine belt,
shows many similarities with the Ambin forma¬
tion (references in Carmignani et al., 1992). Tak-
ing this Option a step further, the locally thick con-
glomerate layer that separates the Clarea Forma¬
tion from the Ambin Formation could be consid¬
ered as a remnant of an Early Paleozoic Gond¬
wanian tillite. Consequently, other large meta¬
morphic units. classically attributed to the Per¬
mian in the Brianconnais domain are probably of
Early Paleozoic age.

In the Variscan belt of "stable Europe", Cam¬
brian-Ordovician magmatic activity is related ei¬
ther to ophiolitic complexes - Chamrousse ophio¬
lite (U-Pb age: Pin and Carme. 1987: Menot et
al.. 1988) - or to a major extensional event de¬
scribed in many places in the Variscan belt, from
Armorica, the southern French Massif Central,
the Pyrenees through to Spain (references in PlN
and Marini, 1993; Valverde-Vaquero and
Dunning, 2000). By contrast, numerous age data
from the Central and Eastern Alps, especially in
the Austro-Alpine and Southern Alpine domains
suggest the existence of a major Ordovician oro¬
genic event (reviews and discussions in: Gebau-
er, 1993; Von Raumer and Neubauer, 1993:
Neubauer and Von Raumer, 1993; Von Raum-
i.k, 1998; Schaltegger and Gebauer, 1999).The
open question now, is whether or not this Lower
Paleozoic event. found in the "Intra-Alpine Ter-
ranes" (Stampfli. 1996), corresponds to exten¬
sional environments associated with pre-Variscan
rifts or to remnants of an Ordovician orogenic
belt clearly distinct from the Caledonian belt of
northern Europe. Such an hypothesis is supported
by the existence of eclogites and migmatites of
Ordovician age (references in Schaltegger and
Gebauer. 1999). From our recent data from the
Western Alps, at least three age groups may be
defined: ca. 510-500 Ma, ca. 480 Ma and ca. 450-
460 Ma. Unfortunately both the geographical
scatter of the analysed samples and the strong Al¬
pine reworking hampers the establishment of a
clear evolutionary scheme. Preliminary observa¬
tions suggest two contrasting geochemical affini¬
ties and time relationships: alkaline for Mont
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Pourri (Guillot et al., 1991), Finestre (Ber¬
trand et al.. 2000). Arpont (Bertrand and Le-
11-rrier. 1997). Ainbin (this study) and Thyon
(Bussy et al.. 1995 i in the ca. 510-500 Ma age

ränge (except for Arpont); and calc-alkaline for
the"~480-450 Ma Sapey gneisses. If the 496 Ma
Chamrousse ophiolite from the ECM (Menot et
al. 1988 b) is taken as a fixed time-reference - ne-

glecting the fact that it belongs to the foreland
(External Alps) - the hypothetical Ordovician
orogenic cycle was short-lived between ca. 510—

480 Ma (extension. rifting, local oceanic crust). to
ca. 480-460 Ma (deformation and metamorphism:
collision?) and finally ca. 450 Ma (late-orogenic
plutonism and/or anatexis?). As for the Visean
event described in the ECM, the Vosges and the
Black Forest massifs (Schaltegger and Corfu,
1995; Schaltegger et al„ 1996; Schaltegger et
al.. 1999; Schaltegger, 2000) or for the Permian
event (Von Raumer and Neubauer. 1993), a Ba¬

sin and Range-type environment (Schaltegger
and Corfu, 1995) is an interesting alternative,
some areas having enjoyed a complete orogenic
cycle while other areas show only extensional
magmatism. albeit not far from an active margin
which helps to explain the coexistence of alkaline
and calc-alkaline magmas. In this case, the ob¬

served mixture of ages and geochemical affinities
could result. not only from an exotic terrane ori¬

gin for the Penninic domain with respect to the
ECM. but also, as suggested by Giorgis et al.

(1999), from the fact that the Penninic domain it-
self corresponds to a collage of several contrast-
ing Paleozoic tcrranes.

Contrasting with these old ages, the 356 Ma
Cogne plutonic body appears to be the only evi¬

dence for Variscan magmatic activity in the Bri¬
anconnais Zone. It is older than previously meas¬
ured metamorphic ages in a neighbouring tectonic
unit (BUSSY et al., 1996: Giorgis et al., 1999) and

older than the 324 ivla Costa Citrin granite in the

ZHB (Bertrand et al., 1998). SHRIMP data indi¬

cate that. except for a restricted lead loss and Ihe

rccognition of a Single xenocrystic core (ca. 950 Ma
old), zircons from sample ZH 95 19 belong to a Sin¬

gle population which crystallised during the em¬

placement of the Cogne granodiorite 356 ± 3 Ma

ago. Conventional data yield a similar but less pre¬
cise age. No evidence has been found of a late Var¬

iscan imprint. As ages in this ränge are scarce in
the Variscan belt (e.g. Menot et al.. 1988b), it is

now necessary to study in detail the units sur-
rounding this large intrusive body to determine its

pre-Alpine significance. If compared with other
parts of the Variscan belt, the Cogne intrusion
could represent a remnant of an early magmatic
are (subduetion-rehted? - what subduction?).

5.2. PIEMONT BASEMENT UNITS

Interpretation of deep seismic data suggests that
the Piemont Zone may be considered as the sub-
dueted passive margin of the European plate
(Schmid et al.. 1996: Schmid and Kissling, 2000)
but, it may also correspond to high-pressure
metamorphosed slices of the Apulian plate
(Stampfli et al., 1998). Only the Dora Maira mas¬
sif has been confidently dated (Bussy and Ca-
doppi, 1996): an Ordovician augengneiss (Punta
Mutet, ultra-high-pressure) at 457 ± 2 Ma; late
Carboniferous intrusives (Malanaggio diorite at
290 ±2 Ma and Cavour leucogranite at 304 ± 2

Ma) and Permian intrusives (Sangone granite at
267-279 Ma and Freidour granite at 268-283 Ma).

The Gran Paradiso metagranite, previously
believed to be Carboniferous, yielded a Permian

age. SHRIMP analyses have shown that the lower
intereept ages yielded by conventional analyses
(ca. 200 Ma), reminiscent to the lower intereept
age yielded by zircons of the Monte Rosa ortho¬

gneiss (Paquette et al., 1989), are not geological-
Iv significant. They result from lead loss, together
with a complex inheritance pattern. which com¬

prises of, at least two main inherited sources at ca.
2000-2500 Ma and ca. 600-700 Ma. Although the

morphology of most of the zircons is obviously
magmatic. the age pattern of the dark enclave
sample (ZH 96 24) suggests a detrital population
which may derive from a raft of partly melted
country rock. The statistically best defined age of
269 ± 6 Ma, based upon the analyses of the zircon
tips from the orthogneiss sample (ZH 96-23), is

interpreted as the emplacement age of the Gran
Paradiso granitic protolith.

Such Permian ages are definitely younger than
the latest stages, dated at ca. 300-290 Ma. of the
Variscan orogeny as described in the ECM (Mont
Blanc and Aar massifs: Bussy and von Raumer.
1994; Schaltegger, 1994). Intrusives of Permian
age are known in the Brianconnais and Piemont

nappes (Randa orthogneiss, Bussy et al., 1996;

Truzzo and Roffna granitoids, Marouer et al.,
1998; a monazite age in Monte Rosa, Koppel and

Grünenfelder, 1975; Dora Maira, Bussy and
Cadoppi, 1996; Fedoz gabbro, Hermann et al.,
1997). Similar ages are also quoted from recent
studies in the Ivrea zone and in the Austro-Alpine
domain (see review in Schaltegger and Gebau¬

er, 1999). Together with the abundance of Permi¬

an volcanics. these results point to the occurrence
of a major (extensional?) Permian event in the In¬

ternal Alps. They suggest that the Piemont base¬

ment massifs and perhaps part of the Briancon¬
nais Zone (Marouer et al.. 1998) may have been
derived from a specific segment of the Variscan
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belt or from a post-Variscan, early Tethyan oro¬
genic belt.

5.3. DETRITAL ZIRCONS FROM THE
EXTERNAL CRYSTALLINE MASSIFS

The "Serie Satinee" of the Belledonne massif was
selected as a suitable reference for a pre-Variscan
sedimentary representative of pre-Alpine "sta¬
ble" Europe. Preliminary results showed that the
"Serie Satinee" is post Pan-African in age as de¬

trital zircons originating from a Pan African
source are the most common. The youngest detri¬
tal zircons, dated at 594 Ma, suggest a Cambrian
maximum age for the deposition of the analvsed
rock. Other inherited ages (3400,3100.2000,1000
Ma) are very similar to the age spectra deter¬
mined in the Montagne Noire region and in the
Moldanubian domain (Gebauer et al„ 1989). If
age spectra are compared, xenoerystie zircons
from the SGU and Gran Paradiso and detrital zir¬

cons of the "Serie Satinee" are also very similar.
This suggests that at crustal scale, the difference
between the External domain and the Briancon¬
nais domain may bc small. A comparison of detri¬

tal ages from the literature (Gebauer, 1993;
Schaltegger, 1994; Schaltegger and Gebau¬
er, 1999; Sergeev et al., 1995) with ages obtained
for cores and/or xenoerystie zircons from our
samples showed that a Pan-African source is con-
spieuous in most of the analysed samples (Fig. 9).
Pan-African ages (ca. 600 Ma) represent an un-
ambiguous signature for the Precambrian Gond¬
wana and confirm that all the pre-Alpine crust re-
worked within the Alpine belt was part of Gond-
wana-derived segments ofthe Variscan belt.

6. Conclusions

Our studies in the Briangonnais Zone of the West¬
ern Alps generally yielded ages within the 450-
500 Ma ränge, which are significantly older than
the previously assumed Variscan ages. The Cogne
plutonic body and the Costa Citrin are the only
Variscan intrusives identified so far. Thus the Bri¬
anconnais basement does not show the intense
plutonic activity that occurred between ca. 335
Ma and ca. 300 Ma in the External Crystalline
Massifs of the Western Alps (Bussy et al., 1989:
Bussy and von Raumer, 1994: Debon et al„ 1998:
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Debon and Lemmet, 1999). This difference Sup¬

ports an exotic origin for the Brianconnais ter¬

rane, which has been suggested by some authors
(Stampfli. 1993; Ricou, 1980), to be connected to
Spain or Corsica-Sardinia and to have reached its

present position either during the Variscan assem-
blv of Gondwanian terranes, or during sinistral
displacements of rifted blocks along the Europe¬
an margin during the early stages of the Alpine
evolution.This implies large lateral displacements
(Ricou, 1980) which may explain the strong
stratigraphical contrast between the External
Helvetic domain and the Brianconnais Zone.
Such displacements may also have been initiated
during the Carboniferous (significance of the
ZHB basin?) and could explain the possible Per¬

mian event observed in the Piemont Zone and in
the easternmost Brianconnais units in Switzer¬

land (Marquer et al.. 1998).

If the Brianconnais Zone is compared with
"stable" Variscan Europe and with the alloch-
thonous Austro-Alpine/South Alpine domains,
the following similarities and singularities may be

outlined:
- A similar Pan-African inheritance has been

demonstrated.

- A major Lower Paleozoic event is prominent
in the Brianconnais and similar ages have been

quoted in the Variscan belt, although the signifi¬
cance of the event has still to be determined in
each domain.

-The scarcity of Variscan ages in the basement
units.

The Permian ages yielded by metagranites of
the Piemont Zone may imply that several alloch-
thonous terranes constitute the Internal Alps
East of the Penninic Front. This provides a new
question: are they Variscan or Alpine terranes?
The late-Variscan paleogeography was probably
oblique to the site of the Alpine arc-shapcd belt.

including probably a 90° rotation of Sardinia as

suggested by Vai and Cocozza (1986). However,
there is no clear data to distinguish between (i)
the result of a large (and polyphased?) Alpine
shortening which telescoped distinct domains of
the Variscan crust during the Alpine collision and/

or exhumation stages, (ii) large-scale lateral dis¬

placement and/or rotations of rifted blocks (the
Permian event?) and (iii) the result of a possible
Paleo-Tethys subduction (Finger and Steyrer,
1990; Ziegler. 1993). Ages and metamorphic
data obtained for the pre-Alpine terranes should

only be used with caution when rebuilding the

Late Permian to Triassic plate puzzle. The sharp
break, usually assumed between Africa-derived
domains and Variscan Europe, is probably a myth,
seeing as both basement units comprise of, ulti-

mately, Gondwanian material with tracesofa Var¬

iscan activity.
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