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Abstract Among the Middle Penninic basements of the
Internal NW-Alps, the Ruitor massif shows the best pre-
served remnants of pre-Permian metamorphic rocks.
Their Barrovian-type mineral associations are somewhat
masked by the greenschist to blueschist Alpine metamor-
phism of Tertiary age. Four Ruitor gneisses have been
analysed, showing geochemical characters of granitoids
from orogenic zones. Zircon morphology also suggests
magmatic protoliths and a crustal source; some of the
morphological zircon types suggest anatectic granites.
The first U-Pb ages on zircon for this massif have been
obtained concurrently through conventional multigrain
and ion microprobe dating. Two metavolcanic rocks at
471+5 and 468+22 Ma could be slightly older than the
porphyritic augen gneisses at 465+11 and 460+7 Ma. Re-
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gional data from the other Internal basement massifs
suggest that the Variscan event is poorly recorded, ex-
cept in Ruitor-type units. Ruitor and Sapey gneisses be-
longed to the same unit (Nappe des Pontis), which was
affected by a 480-450-Ma event including volcanism
and anatexis and ended with a late calc-alkaline granite
emplacement at 460—450 Ma. The distribution of Vari-
scan basement units roughly parallels Alpine zonation.
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Introduction

The Ruitor Massif is one of the Briangonnais basement
units that form the Italian and French southern equiva-
lents of the Middle Penninic Grand-St-Bernard Nappe
(GSB) in Switzerland. Several studies have dealt with
the geology of the Ruitor Massif. They concern both its
French part (Fabre 1961; Baudin 1987; Fabre et al. 1987)
and its Italian to Swiss parts (Caby 1968; Burri 1983;
Gouffon 1993; Cigolini 1995; Caby 1996; Gouffon and
Burri 1997). The Ruitor Massif is in direct contact with
the ‘“Zone Houillere Brianconnaise’ (ZHB), the only con-
tinuous litho-structural unit of the Briangonnais domain
from the Central Alps in Switzerland to the southern end
of the Western Alps.

Cambrian to Ordovician ages were proposed in sever-
al recent papers for felsic magmatic components of the
other Brianconnais basement units (Guillot et al. 1991;
Bussy et al. 1996a, 1996b; Bertrand and Leterrier 1997;
Bertrand et al. 1998, 2000a, 2000b). In most cases, the
dated rocks represent a very small proportion of the bulk
basement lithologies. All are retrograded to greenschist
facies during the Alpine metamorphism. Ultramafic to
mafic rocks have been dated by Stille and Tatsumoto
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(1985) in the Berisal unit (Central Alps), suggesting Late
Proterozoic komatiites as well as Ordovician to Cambrian
tholeiitic-ultramafic components. The Ruitor massif be-
longs to the same Gd St Bernard zone as the Berisal unit.
It was chosen as a target for two main reasons: (1) the
Ruitor protoliths remained as the main undated piece of
Middle Penninic basement; and (2) pre-Alpine metamor-
phic minerals are often well preserved so that our results
should significantly constrain the age and number of the
pre-Alpine magmatic and metamorphic events.

Conventional multi-grain methods of U-Pb dating on
zircon are often hampered by poorly controlled effects of
inheritance and radiogenic lead loss, especially in the
case of metagranitoids of crustal origin. We had experi-
enced such difficulties previously during the study of
similar rocks, the Sapey gneisses (Bertrand et al. 1998;
see their comparison with the Ruitor hereafter). Here we
have cross checked two dating approaches that look
well-adapted to such polymetamorphic rocks: high preci-
sion isotopic U-Pb dating on single zircon grains
(IDTIMS) and in-situ zircon dating by ion microprobe
(SIMS). Prior to the analytical work, a morphological
study of the zircon populations was used to assess the
magmatic character of the protoliths.

Geological setting

Because of its polycyclic character, the Ruitor Massif was
considered as the basement of the monocyclic Zone
Houillere Briangconnaise’ (ZHB) by Fabre (1961) and
Baudin (1987). The ZHB comprises an external, low-
grade Upper Carboniferous formation (Briangonnais Coal
Measures), which has yielded Namurian flora near the
Petit St Bernard pass (Desmons and Mercier 1993) and
tectonically overlies to the NW the oceanic Valais Zone
(Fig. 1). The internal part of the ZHB is a thick, undated
metaconglomerate wedge conventionally assumed of
Stephanian age, metamorphosed under greenschist facies
conditions. Marking the eastern, internal border of the
ZHB along the metaconglomerate unit, the Ruitor
gneisses and mica-schists grade southward to the narrow-
er Sapey gneiss units (Détraz 1984; Bertrand et al. 1998)
made of similar polycyclic rock-types. The Sapey
gneisses are known to be capped by a thin metaconglom-
erate series of unknown age, representing an autochtho-
nous sedimentary cover. The mylonitic contacts and the
inverted position of the overlying ZHB sediments, how-
ever, preclude a basement-cover relationship with the
ZHB (Bertrand et al. 1998). The nature of the western
border of the Ruitor, at the contact with the ZHB, remains
equivocal for similar reasons: first, the highly deformed
metaconglomerates of possible Stephanian age are not
dated; second, the geometrically lowest (Carboniferous?)
sediments overlying the Ruitor basement locally show
depositional criteria indicating an inverted, top-to-base-
ment attitude (Mercier and Baudin 1990).

The Ruitor Massif is divided (Fig. 1) into two zones:
(1) the External Ruitor where pre-Alpine mineralogical
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assemblages are relatively well preserved; they indicate a
Barrovian-type (HT-MP) metamorphism (Gouffon 1993;
Gouffon and Burri 1997) for which a Variscan age is
well-documented (U-Pb on monazite: 330+2 Ma, Giorgis
et al. 1999); and (2) the Internal Ruitor where Alpine
overprint is dominant. The Internal Ruitor itself is divid-
ed into imbricates comprising Vanoise basement and Me-
sozoic, ocean-derived ‘Schistes lustrés’ units (section in
Fig. 1 after Caby 1996). Internal and External Ruitor are
locally separated by a slice of Permian—Triassic rocks,
where Caby (1968, 1996) described an upside down de-
positional unconformity with the External Ruitor rocks.

The main contrast between the Ruitor—Sapey rocks
and other basement units of the Briangonnais—Grand St
Bernard domain consists in the presence of well-pre-
served relics of pre-Alpine metamorphic assemblages,
which include biotite, muscovite, garnet, staurolite, kya-
nite, sillimanite and andalusite (Fabre 1961; Caby 1968;
Bocquet [Desmons] 1974; Burri 1983; Baudin 1987,
Gouffon 1993; Caby 1996; Gouffon and Burri 1997;
Giorgis et al. 1999). Both Ruitor and Sapey gneisses are
in tectonic contact to the east (Fig. 1) with the Vanoise
basement together with Permian to Cainozoic sediments
(Caby 1968; Guillot 1987; Guillot et al. 1993). By con-
trast, the Vanoise rocks contain preserved granophyre
textures of Cambrian age (Guillot et al. 1991; Bertrand
et al. 2000a), which suggest that pre-Alpine high-grade
metamorphism was not recorded.

Lithology

Only External Ruitor rocks have been sampled for this
study in order to avoid the ambiguous rock types of the
Internal Ruitor, e.g. metasediments closely resembling
flattened orthogneisses. According to Baudin (1987) and
to Debelmas et al. (1991) several lithological groups
may be defined in the External Ruitor. They are:

1. Mica-schists, where the dominant mineral associa-
tions are pre-Alpine garnet + muscovite, and/or sta-
urolite, kyanite, chloritoid, andalusite; Alpine glau-
cophane + phengite + chlorite + albite.

2. Banded gneisses, which may be either quartz domi-
nant, quartz + albite, two-mica gneisses or leucocratic
gneisses.

3. Banded greenstones, locally associated with a marble
horizon, which comprise an alternation of glauco-
phane-rich amphibolite, chlorite—albite green schist
and leucocratic gneiss (‘leptynite’ of French authors,
our samples ZH 98-18, 22). Garnet metapyroxenites
may occur as boudins and stratabound amphibolites
may be interleaved with metasediments as well as au-
gen-bearing felsic rocks. As a whole, this is the typi-
cal ‘leptyno-amphibolite’ association described by
French authors (see Discussion).

4. Augen gneisses and meta-pegmatites, which occur as
relatively thin (up to 10 m) lens-shaped horizons par-
allel to the main foliation (see samples ZH 98-19, 20).
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Assemblages (1) and (2) correspond to a metasedimenta-
ry sequence constituted by metapelites, impure sand-
stone and metagreywackes. Assemblages (3) and (4) cor-
respond, respectively, to a dominantly tholeiitic metavol-
canic origin (Eteradossi 1983; Stille and Tatsumoto
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1985; Baudin 1987) and to anatectic intrusives (as sug-
gested by zircon typology — see below).

Chemical composition and zircon morphology
of analysed samples

The mineralogical description of the analysed samples is
given in the Appendix. Because of the polymetamorphic
character, field or thin section patterns do not help to de-
termine unequivocally whether the rocks are meta-igne-
ous or correspond to detrital horizons. The main criteria
used in this study, therefore, are the chemical composi-
tions of the samples (Table 1, Fig. 2) and the typology
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Table 1 Geochemistry and age of dated samples (ZH 98-18 to  1999. Ages in the first four columns have been obtained from the
-22) and of some Vanoise basements. All analyses have been per- present study whereas ages in the last six columns are from Ber-
formed by the Service d’Analyses, CRPG, Nancy from 1995 to trand et al. (2000a, 2000b)

Dated samples Vanoise-zone felsic rocks

Sample no. ZH98-18 ZH98-19 ZH98-20 ZH98-22 96AM4 96AM6  ZH98-15 ZH98-16 ZH98-17 ZH95-18

Tect. unit, Ext. Ext. Ext. Ext. Ambin, Ambin, 7Z.interna, Z.interna, Z.interna, S. Vanoise,
rock type Ruitor, Ruitor, Ruitor, Ruitor, rhyolite  rhyolite  grano- grano- grano- metagranite
white augen augen augen phyre phyre phyre
gneiss gneiss gneiss gneiss
Age (Ma) 468+ 469+ 460+ 471+ 500+ 512+ 479+
22 (20), 15 (lo), 7 (20), 2 (20), 10 (1o), 7 (20), 5 (20),
IDTIMS  SIMS IDTIMS IDTIMS SHRIMP IDTIMS IDTIMS
Major elements (%; LOI loss on ignition)
SiO, 73.81 68.29 73.19 70.07 72.74 74.69 75.67 75.14 75.99 74.87
Al O4 13.77 16.15 13.60 14.91 12.70 13.05 12.92 12.91 12.59 12.20
Fe, 05 tot. 1.51 3.46 1.73 3.80 2.79 1.90 1.53 1.85 2.02 2.36
MnO 0.02 0.03 0.03 0.05 0.09 0.03 0.01 0.01 0.00 0.02
MgO 0.15 0.96 0.27 0.91 0.43 0.47 0.15 0.39 0.37 0.20
CaO 0.58 1.49 0.72 2.39 0.98 0.22 0.27 0.25 0.16 0.67
Na,O 3.22 4.54 3.20 3.86 4.77 3.92 391 3.38 3.21 3.70
K,O 4.82 2.51 4.73 2.53 3.06 3.71 4.98 5.32 4.70 431
TiO, 0.07 0.46 0.12 0.30 0.24 0.28 0.16 0.16 0.15 0.24
P,0; 0.17 0.19 0.16 0.09 0.05 0.08 0.02 0.01 0.01 0.02
LOI 0.70 2.09 0.93 1.25 1.88 1.29 0.28 0.43 0.65 1.13
Total 98.82 100.17 98.68 100.16 99.73 99.64 99.90 99.85 99.85 99.72
Trace elements (ppm)
Ba 158.6 616.2 156.9 560.1 528.0 468.0 499.0 532.0 469.4 827.0
Be 29 2.3 2.4 1.9 22 2.1 2.3 32 4.1 24
Co 0.8 5.7 1.5 54 0.8 1.9 0.7 0.8 0.9 1.4
Cr 2.7 214 10.2 13.4 2.3 2.7 7.9 2.5 3.4 7.5
Cu 4.4 8.7 5.7 5.1 7.8 10.8 3.8 8.2 8.6 5.6
Ga 20.4 224 19.7 19.1 21.4 21.0 23.0 23.8 22.9 24.0
Nb 10.7 12.2 9.5 6.0 15.0 14.0 14.7 14.4 14.5 11.4
Ni 1.8 9.9 3.8 7.8 1.4 11.7 2.6 1.5 1.9 2.6
Rb 221.0 88.4 240.0 89.7 93.7 104.9 169.9 199.3 161.0 140.3
Sr 61.0 123.1 52.7 161.4 102.0 38.8 18.6 252 18.8 39.2
Th 10.1 17.4 9.2 9.4 12.4 11.7 26.7 25.7 26.0 15.2
\% 1.8 34.7 6.8 394 4.6 6.8 2.4 2.4 2.4 10.9
Y 254 352 233 20.5 73.3 522 81.4 78.1 78.4 71.1
Zn 17.0 522 32.8 60.4 16.7 23.9 32.9 63.4 324 63.0
Zr 67.5 195.0 77.4 135.8 412.0 415.0 286.8 285.3 291.1 365.0
Ge 1.03 1.14 1.40 0.82 0.98 1.05 0.77 1.67
As 0.55 0.63 0.48 0.25 0.31 0.55 0.67 1.36
Bi 0.22 0.04 0.02 0.01 0.31 0.88 0.28 0.07
Cd 0.09 0.05 0.17 0.15 0.08 0.16 0.21
Cs 2.79 3.02 3.29 2.59 0.72 1.30 0.88 2.03
Hf 2.64 5.12 2.70 3.71 9.93 9.56 10.01 10.70
In 0.14 0.11 0.09 0.04 0.08 0.08 0.08 0.09
Mo 0.07 0.08 0.26 0.04 0.71 0.80 0.40 1.65
Pb 15.4 12.0 14.3 6.6 15.0 31.9 19.9 15.5
Sb 0.36 0.76 0.26 0.16 0.20 0.15 0.19 0.53
Sn 5.88 1.61 4.45 1.57 9.42 9.65 3.52 4.43
Ta 1.50 0.84 1.61 0.55 1.44 1.37 1.38 1.12
U 4.95 2.47 3.30 2.20 5.23 6.26 5.78 5.48
w 2.60 1.18 2.61 0.55 0.71 0.97 2.02 1.73
Rare earth elements (ppm)
La 8.94 38.57 11.25 23.09 37.15 27.90 47.68 50.19 49.10 41.07
Ce 20.54 79.82 25.43 47.41 93.05 68.45 102.81 112.42 108.45 92.23
Pr 2.35 9.20 2.95 5.47 10.32 7.45 13.05 13.41 13.26 11.20
Nd 8.37 34.20 10.64 20.48 44.66 30.24 50.80 53.26 53.12 46.00
Sm 2.63 7.10 2.71 4.12 11.03 7.23 11.73 12.56 12.31 10.77
Eu 0.17 1.39 0.31 0.90 1.70 1.46 0.87 0.92 0.87 1.03
Gd 2.89 6.91 2.93 3.74 10.82 8.26 11.89 11.94 11.75 11.80
Tb 0.57 0.97 0.53 0.54 1.92 1.41 2.03 2.03 1.96 1.89

Dy 4.07 5.97 3.85 3.17 12.44 9.07 12.65 12.90 12.84 11.58
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Table 1 (continued)

Dated samples

Vanoise-zone felsic rocks

Sample no. ZH98-18 ZH98-19 ZH98-20 ZH98-22 96AM4 96AM6  ZH98-15  ZH98-16 ZH98-17 ZH95-18
Tect. unit, Ext. Ext. Ext. Ext. Ambin, Ambin, Z.interna, Z.interna, Z.interna, S. Vanoise,
rock type Ruitor, Ruitor, Ruitor, Ruitor, rhyolite  rhyolite  grano- grano- grano- metagranite
white augen augen augen phyre phyre phyre
gneiss gneiss gneiss gneiss
Age (Ma) 468+ 469+ 460+ 471+ 500+ 512+ 479+
22 (20), 15 (1o), 7 (20), 2 (20), 10 (1o), 7 (20), 5 (20),
IDTIMS  SIMS IDTIMS IDTIMS SHRIMP IDTIMS IDTIMS
Ho 0.82 1.24 0.75 0.69 2.77 2.02 2.72 2.73 2.68 2.55
Er 2.21 3.32 1.94 1.87 7.44 5.26 7.69 7.59 7.38 6.83
Tm 0.38 0.52 0.32 0.33 1.15 0.83 1.27 1.25 1.27 1.15
Yb 2.07 341 2.02 2.22 7.86 5.80 7.81 8.25 8.39 7.28
Lu 0.29 0.49 0.24 0.33 1.20 0.91 1.12 1.12 1.17 1.12
(La/Yb)* 2.9 7.6 3.8 7.0 3.2 32 4.1 4.1 4.0 3.8
Fig. 2A-D Geochemistry [ 150 ' [" T T LT ' / ™ 1000
of dated Ruitor rocks compared b B
with Sapey gneisses and f o
Vanoise basement felsics. New 1007 @ o
data (Table 1, eight analyses) TR "‘r‘:::l‘;‘s‘e 6 ° o° - y orogenic zone..
and results from Saliot (1973, M )08 womicS Pt ggrannes within-plate
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grams (Fig. 2) is available as electronic supplementary
information. Our dated samples plot, together with most
of the analyses taken for comparison, into the composi-
tional field of granodiorite to granite (Fig. 2A). The bal-
ance between Al and the other major feldspar-constituent
cations (Na, K, Ca) places the Sapey gneisses and the
Ruitor samples on a peraluminous, calc-alkaline trend
(muscovite granite and two-mica granite). By contrast,
the Vanoise zone analyses plot mostly in the field of me-
taluminous-to-alkaline, mica-poor granites (Fig. 2B). In-
deed, Vanoise rocks contain no muscovite and little

(as defined by Pupin 1980) of the separated zircon popu-
lations (Figs. 3 and 4). Two of the samples may corre-
spond to a volcanic origin (ZH 98-18 and -22) whereas
the others (ZH 98-19 and -20) may represent intrusive
sills of anatectic granitoids.

Geochemistry

We have only listed (Table 1) previously unpublished da-
ta; a spreadsheet containing all the data used in the dia-



Fig. 3A-N Zircon images.
Transmitted-light microscopy

of whole crystals (A, D, F, H,

L) and scanning electron mi-
croscopy in back-scattered

electron mode (BSEM) of pol-

ished sections. The types here-

after are located in Fig. 4. Me-
tavolcanics: ZH 98-18 Derby —

A Homogeneous G-type zircon,

small apatite inclusion.

B Growth zoning with (white

centre) U and Th concentration D
and quartz unmixing. C Dark
inherited core unconformably
surrounded by (i) a grey homo-
geneous rim (ii) a white rim
and (iii) a zoned margin. ZH
98-22 Invernet — D G-type nee-
dle. E Quartz unmixing and
U-Th concentration near the
centre. F Inclusion-rich grains
with (fop) a possible negative
crystal. G Homogeneous eu-
hedral zoning — the inner part
of the grain is not a core. Or-
thogneisses: ZH 98-19 Alpe La
Forciaz — H S1-2 and S6-7 to
S11-12-type zircons with ma-
jor 211-pyramid and 110-prism.
I Darker inherited core sur-
rounded by growth zoning.

J Cores and zoned imbricated
crystals. K Polyphased mag-
matic inclusion (contrast has
been enhanced) containing bi-
otite, quartz and fluid(?). ZH
98-20 Invernet — L S16-type
zircon (left) showing magmatic
inclusion and S7-type (right)
with a core. M Inherited core
with, as in C, L, J, a grey ho-
mogeneous rim and a late,
brighter zoned margin. N Dark
core, euhedral zoning and late
spongy overgrowth (late mag-
matic or metamorphic origin?)

L

green biotite (Guillot et al. 1993) whereas Ruitor and
Sapey gneisses include both red biotite and muscovite of
magmatic or metamorphic origin (Bertrand et al. 2000b,
and this study). This difference is confirmed using the
(Rb, Y + Nb)-plot (Fig. 2C), where the orogenic pattern
of Sapey gneisses and Ruitor rocks (similar to S-type
granites) contrasts with the anorogenic character of Va-
noise felsic rocks (pertaining to A-type granites; Bussy
et al. 1996a; Bertrand and Leterrier 1997; Beucler et al.

METAVOLCANICS

100 pm

ZH98-18 DERBY

ZH98-22 INVERNET

ORTHOGNEISSES
ZH98-19 FORCIAZ

969

60 pm

60 pm

60 pm

2000). Rare earth element (REE) data again evidence
two groups (Fig. 2D): Vanoise felsic rocks have a flatter
REE-profile [normalised-to-chondrite ratio: (La/Yb)*=
3.7, average of 21 analyses], with relatively more heavy
REE than the Ruitor and Sapey rocks [(La/Yb)*=6.1, av-
erage of five analyses].
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Fig. 4 Typological diagram of zircon morphology (Pupin 1980;
main typological families as cross-hatched zones). Zircon types in
italics (L4, G, S1...) refer to observed individual crystals (see
Fig. 3 and text). For each of the Sapey and Ruitor samples, the
distribution of types is indicated by a trend-line; the upper right
end of each trend line corresponds to the location of types attribut-
ed to the end of magmatic crystallisation with lowest tempera-
tures. Vanoise types fall into narrower fields (ovals)

Zircon typology

The prominence of euhedral zircon in all the analysed
samples suggests a magmatic origin (Fig. 3). The pres-
ence of rounded grains in variable amounts does not pre-
clude such an origin because the typology of the zircon
populations confirms remelting of a crustal source. The
zircon typology diagram (Fig. 4) was proposed by Pupin
(1980) from a database of several hundred granitoids
[pyramidal patterns — i.e. areal dominance either of
(211)-pyramid or of (101)-pyramid — are plotted on the
x-axis and are related to rock chemistry (respectively,
peraluminous vs alkaline) whereas prismatic patterns —
(110)-prism vs. (100)-prism — on the y-axis are related
to crystallisation temperature (respectively,~500 vs.
~900 °C)]. We have compared the typology of the dated
zircons with previously published data from the Brian-
connais domain. All zircon populations from the analy-
sed Ruitor samples and from previously analysed Sapey
gneisses (Bertrand et al. 1998) are spread in the calc-al-
kaline to aluminous magmatic fields as defined by Pupin
(1980). They contrast sharply with the metarhyolite, me-
tagranophyre and metagranite of the Vanoise units
(Guillot et al. 1991; Bussy et al. 1996a; Bertrand and

Leterrier 1997; Cosma 1999; Bertrand et al. 2000a)
whose zircon populations plot into the alkaline field.

Sample ZH 98-18

The zircon population consists of more than 60% of eu-
hedral, colourless to pale pink grains. Among these
grains a large part corresponds to G-P1 type zircons (101
pyramids only and dominant 110 prisms, Fig. 3A). Ac-
cording to Pupin (1980), such types represent the lowest
temperature zircons, grown at the very end of magmatic
crystallisation or related to metamorphism. The observed
trend is close to the calc-alkaline trend defined by the
same author (Fig. 4). Other grains are anhedral, brown-
ish and non-transparent; they may represent xenocrysts
(or scalped cores). The internal structure of the zircons
(Fig. 3B, C), imaged by scanning electron microscopy in
back-scattered electron mode (BSEM), shows that occa-
sional cores are surrounded by zoned euhedral zircon
and by a discontinuous light-coloured overgrowth. White
zones may also occur either near the centre of grains
(quartz—uranothorite-altered zircon association) or as a
discontinuous ring following discontinuities (e.g. core-
zoned domain); thorite, apatite and quartz inclusions are
frequent.

Sample ZH 98-22

The zircon population is very similar to that of the ZH
98-18 sample, but richer in euhedral grains (Fig. 3D, F)
and the spread of zircon types is greater (Fig. 4). Brown
grains are full of tiny inclusions. The internal structure
of the zircons imaged by BSEM shows scarce cores, of-
ten partly replaced by quartz and uranothorite, which are
probably responsible for the turbid aspect of many grains
(Fig. 3E, G).

Sample ZH 98-19

Zircons grains are pink in colour, most of them being eu-
hedral, long and frequently needle-shaped with occasion-
al occurrence of imbricated zoned crystals (Fig. 3J) sug-
gesting a magmatic crystallisation. The dominant type
(Pupin 1980) is S2-type (development of the 211 pyra-
mid) and no G-type has been observed. Two separate
trends converge to L4 types, the upper one (Fig. 4) corre-
sponding to lower crystallisation temperatures after
Pupin (1980). The mean population trend is closer to that
of aluminous two-mica granites than to the calc-alkaline
series. A small proportion of brown rounded grains is
also present. The internal structure of the zircons imaged
by BSEM shows a complex zoning with numerous cores
(Fig. 31, J). Fractures are healed by quartz, amphibole
and monazite, the latter occurring also as rounded inclu-
sions. Magmatic inclusions of biotite have also been ob-
served (Fig. 3K). The rounded or irregular shape of



many grains is obviously not the result of a mechanical
abrasion, but rather depends on specific crystallisation
conditions (anatexis?).

Sample ZH 98-20

Zircons from this sample are pink to pale brown in col-
our and most of the grains are euhedral with S-type
morphologies (Fig. 3L). Imbricated structures and large
magmatic and fluid inclusions have been observed.
However, rounded and darker grains are present in the
zircon population. The typological trend-line of the zir-
con population falls into the anatectic granite field
(Fig. 4). Internal structures imaged by BSEM show dis-
cordant cores surrounded by regularly zoned domains
(Fig. 3M, N). Discontinuous overgrowths are anhedral to
euhedral and show often a lace structure of quartz and
zircon.

U-Pb geochronology
Analytical procedures

Two approaches were carried out simultaneously: (1)
conventional isotope dilution and thermal ionisation
mass spectrometry (IDTIMS) dating on small fractions
(one to three zircon grains, total weight <13 ug) was per-
formed at ETH Ziirich, and (2) secondary ion mass spec-
trometry (SIMS) dating on polished zircon sections was
carried out in CRPG Nancy using a Cameca IMS-1270
instrument. The selection of grains for either dating tech-
nique ensured homogeneous zircon morphologies were
dated.

Conventional U-Pb dating

The zircons were extracted from the rock sample using
standard techniques and the least magnetic fraction was
collected on a Frantz magnetic separator. A further selec-
tion of inclusion- and crack-free zircons was abraded to
remove marginal zones of lead loss. After cleaning in
4 N HNOj and thorough rinsing with water and acetone
in an ultrasonic bath, the zircons were spiked with a
mixed 205Pb-23U tracer solution and dissolved in
HF-HNO;. After chemical extraction, Pb and U were
loaded with Si-Gel onto a Re filament, and the isotopic
ratios of Pb* and UO, were analysed using an ion count-
ing system mounted on a MAT 262 mass spectrometer.
The performance of the ion counting system was moni-
tored by repeated analyses of a NBS 982 standard solu-
tion. Total procedural blanks were estimated at 2+1 pg of
Pb. Isotopic ratios and corresponding apparent ages are
given in Table 2.
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Ion microprobe dating

Selections of about 50 zircon grains from samples ZH
98-19 and ZH 98-20 were mounted on epoxy resin with
a standard. The composition and age of the standard used
in Nancy (zircon 91500) are described in Wiedenbeck et
al. (1995). Optical microscope and scanning electron mi-
croscope (SEM) backscattered electron (BSE) imaging
enabled a map to be drawn of the mounts that precisely
determined the location of the spots to be analysed. After
the runs, another SEM image was used to check the actu-
al location and quality of the spots.

The O2- primary ion beam was accelerated at 13 kV,
with intensity ranging between 10 and 15 nA. The aper-
ture illumination mode (Kohler illumination) was used
with a 100-um aperture to produce elliptical spots of 30
to 50 um in diameter. Oxygen flooding was used to in-
crease the O, pressure to 3.10-3 Pa (3.10-5 torr) in the
sample chamber (Schuhmacher et al. 1994). Positive
secondary ions were extracted with a 10 kV potential,
and the spectrometer slits set for a mass resolution
0f~5,500 to separate isobaric interferences of HfSi from
Pb. The field aperture was set to 6,000 um, and the
transfer optic magnification adjusted to 200. Rectangu-
lar lenses were activated in the secondary ion optic to
increase the transmission at high mass resolution (de
Chambost et al. 1996). The energy window was opened
at 55 eV, with a 5 eV gap between the beginning of the
energy distribution and the low energy side of the ener-
gy slit. Cleaning of the sample surface was done prior to
analysis by rastering the primary beam over a 50x50 um
area. The masses 99Zr,1°0, 203.5 (background), 204Pb,
206Ph, 207Pb, 208Ph, 238U, 232Th160 and 238U160 were
measured successively on a single collector used in ion-
counting mode. Each analysis consisted of 15 succes-
sive cycles for 23 min. The mass and energy calibra-
tions were checked before each measurement, and the
91500 standard zircon was measured every three sample
analyses.

The reduction of data and common lead corrections
were done using an Excel macro written by E. Deloule.
An empirical linear relationship (Compston et al. 1984)
was defined between UO+/U* and Pb*/U* from the set of
standard measurements to define the relative sensitivity
factor for Pb and U used for samples. A correction for
common lead was made by measuring the 204Pb amount
and using the Stacey and Kramers (1975) model for ter-
restrial lead isotopic composition. The 206Pb/204Pb ratios
ranged in most cases from 1,000 to more than 50,000, in-
dicating that the common Pb composition chosen for
correction was not highly critical.

Because of the size of the spots (40 um), the precision
of their location in the zircon grains was not very good
and some of the spots may have comprised a combina-
tion of several zircon domains as defined from the
BSEM imaging. Nevertheless, as more than half of the
analyses were almost concordant, they should represent
homogeneous domains within the zircon grains. Isotopic
ratios and calculated ages are given in Table 3.
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Table 3 SIMS U-Pb isotopic data. T Zoned tips; C centres; R includes epoxy mount; fill-focussed spot; + well-located on tip or centre;

— includes several domains; +1-G error

Spot Type 206/204 Pb U Th 207pp/235U  206pPp/238Y Correl.  Age Age Age
(ppm) (ppm) (ppm) (%) (=%) 207/235  206/238  207/206
(Ma) (Ma) (Ma)
Sample ZH 98-19, Alpe La Forciaz orthogneiss
19-1 C+R 58,278 64 584 154 1.153£1.9  0.1281+2.0  0.99 77911 77715  784+7
19-2 T+ 130,269 59 590 60 1.012+2.1  0.1166+2.1 0.99 71011 71114  707+7
19-4 T+R 6,178 20 297 40 0.616x2.1  0.0783+2.0  0.98 487+8 486x10  494+10
19-8 C-R 100,463 87 673 422 1.447£2.0  0.1508+2.0 1 909+12  906+17  916+4
19-10 T-R 13,841 8 126 80 0.613+2.1  0.0771+2.1 0.95 485+8 47910  518+13
19-11 T-R 48,137 16 246 47 0.541+2.0  0.0730+1.9  0.96 439+7 454+9 36213
19-15 T-R 22,452 18 289 48 0.582+2.1  0.0730+2.1 0.98 4668 454+9 524+7
19-16c  C+ 34,482 21 379 30 0.512+2.1  0.0648+2.0  0.98 419+7 405+8 503+9
19-16t  T-R 5,190 26 614 56 0.394+2.3  0.0500+2.0  0.93 337+6 314+6 49616
19-17 T-R 2,767 12 209 35 0.516x2.9  0.0651+2.1 0.73 422x10  406+8 510+40
19-18 C-R 14,784 11 211 20 0.487+2.1  0.0625+x1.9  0.99 4037 391+7 473+7
19-23 T-R 111,040 79 1142 109 0.630+2.1  0.0808+2.0 1 496+8 501+10 4764
19-27 T-R 8,131 15 225 30 0.599+2.3  0.0767+2.2  0.93 476+9 47610  476+17
19-28 C+ 11,090 78 1344 409 0.564x1.9  0.0671+1.9 1 454+7 419+8 637+4
19-29 C+ 51,509 25 391 37 0.575«1.9  0.0734x1.9  0.99 4617 4579 484+6
19-40 Tf 33,811 27 402 47 0.594+2.0  0.0772+1.9  0.99 47348 480+9 4447
19-45 Tf 44,024 21 328 53 0.578+1.9  0.0745+2.0  0.99 463+7 463+9 4644
Sample ZH 98-20, Invernet orthogneiss
20-6 Ct 84,897 42 294 100 230022 0.1646+2.2  0.98 1,212£16  982+20 1,648+8
20-8 Tf 83,285 73 1544 154 0.422+1.9  0.0547+2.0 1 357+6 343+7 450+4
20-9 Tf 24,396 20 327 63 0.560+2.0  0.0715+2.0 1 451+7 445+9 482+3
20-10 Tf 8,759 58 424 125 1.218+2.5  0.1604+2.3  0.93 809x14  959+20  415+18
20-11 Tf 24,898 31 519 53 0.550+2.0  0.0696+x2.0  0.99 4457 433+8 505+6
20-15 Tf 20,115 19 272 38 0.629+2.1  0.0803+2.0  0.99 4968 498+10  485+6
20-17 Tf 81,037 49 673 45 0.754+x4.4  0.0842+2.7  0.61 57019  521x13  771+74

Geochronological results
Metavolcanics
ZH 98-18

Six fractions of one to two grains were analysed by ID-
TIMS (Fig. 5A, Table 2). Except for point (6), only G-P1
types were analysed. Analytical points were discordant
and were only poorly aligned along the discordia. The
most concordant point (2) had a large contribution of
common Pb, which resulted in a large error on the calcu-
lated age. Isoplot calculation (Ludwig 1999) yields an
upper intercept age of 468+22 Ma (MSWD=2.8) and a
lower intercept at 284+51 Ma.

ZH 98-22

Six fractions of one to three grains were analysed by ID-
TIMS (Fig. 5B). Except for point (12), only G or Pl
types were analysed. Analytical points are scattered, but
three of them are almost concordant. Two points (10 and
11) are far from the concordia and correspond probably
to inheritance possibly coupled to lead loss. An isoplot
calculation excluding these points and the bad analysis
(7) yields an age of 4715 Ma (MSWD=1.13) with a
lower intercept close to zero.

Porphyritic orthogneisses
ZH 98-19

Seventeen analyses were obtained by SIMS (Fig. 6, Ta-
ble 3). Apparent 2060Pb/238U ages are scattered from 314
to 906 Ma with a main grouping around 400-500 Ma.
Three points (1, 2, 8, not represented in Fig. 6), which
are almost concordant at ca. 910, 780 and 710 Ma, obvi-
ously represent inherited parts of zircon whereas one
outlier point (16 t, not shown) at 314 Ma, with a
207Pb/206Ph age near 496 Ma, probably endured a pro-
nounced lead loss. The subconcordant ellipses (Fig. 6A)
located close to the 480 Ma group (eight points: 4, 10,
15, 23, 27, 29, 40, 45) yield an imprecise upper intercept
age at 487+40 Ma. Among 13 spots with apparent ages
ranging from 400 to 500 Ma (Fig. 6B), the 454-480-Ma
group of 206Pb/238U ages with seven points gives a
weighted average of 465+11 Ma at 95% confidence
(14% probability of fit, using the ‘WtdAv’ function from
the Isoplot program; Ludwig 1999).

ZH 98-20

Five fractions consisting of one to three grains were
analysed by IDTIMS (Fig. 5C). The analytical points are
well-aligned, rejecting fraction (17) with probable inher-
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Fig. SA-C U-Pb concordia diagrams: A for metavolcanic gneiss
ZH 98-18, B for metavolcanic gneiss ZH 98-22, C for leucocratic
orthogneiss ZH 98-20. Each zircon fraction 1-17 (Table 2) is indi-
cated with its number of grains in parentheses. Data for cross-
hatched ellipses have been discarded from the age calculation

itance. They yield an upper intercept age of 460+7 Ma
(MSWD=0.98) and a lower intercept at 248+37 Ma. The
upper intercept age is interpreted as the age of the gran-
ite emplacement.

An attempt at SIMS dating was made for this sample.
Unfortunately, the seven analysed spots display a large
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Fig. 6A, B Ion probe data for augen gneiss ZH 98-19. A Error el-
lipses and discordia line of the eight near-concordant points
around 480 Ma. B Distribution of the 13 206Pb/238U ages between
391 and 501 Ma; cross-hatched box data have not been used to
compute the mean. The figures in each box are the spot number
and, within parentheses, the difference in Ma between the
207Pb/235U apparent age and the 206Pb/238U apparent age (Table 3)

scatter with no significant grouping. Four are poorly
aligned and yield an upper intercept age at 504+60 Ma
(MSWD=90). A near concordant point (15) corresponds
to a 207Pb/206Ph age of 485+6 Ma, this latter age being
far from the error margin calculated on the same sample
by the conventional method on single zircons.

Discussion and conclusions

The petrology and the geochemistry of the various Ru-
itor rock types have not yet been investigated in detail.
Thus, the presumed magmatic origin of the dated felsic
rocks was assessed. From this respect, the geochemical
data, in fair agreement with the zircon typology, are in
favour of magmatic products derived from calc-alkaline
magmatism.

An Ordovician history is clearly demonstrated. The
upper intercepts from ZH 98-22 (471+5 Ma, metavolca-
nics) and ZH 98-20 (460+7 Ma, orthogneiss) stand out as
the best age data, whereas the other less precise results



are still consistent with Ordovician events. The conven-
tional IDTIMS Ruitor ages are spread between 471 and
460 Ma. A tentative ion probe upper intercept age of
sample ZH 98-19 appears older with a larger error at
487+40 Ma, but the more probable mean age of
465+11 Ma obtained from the distribution of 200Pb/238U
ages is interpreted as the age of the protolith. It is similar
to IDTIMS ages of the other samples. Thus, IDTIMS
and SIMS errors overlap. A direct comparison attempted
with sample ZH 98-20 was inconclusive because of the
poor quality of the SIMS results obtained on this sample.
Similarly, our SIMS data could be taken to imply a pro-
tracted zircon crystallisation history in the lower Palaeo-
zoic, but large and chaotic variations among the three
calculated ages (Table 3) are rather to be related to un-
derestimated zircon complications.

Regarding the Ruitor history, all our results are with-
in errors and it is only possible to propose a tentative se-
quence of events. Our older Ruitor ages correspond to
metavolcanics. Sample ZH 98-18 (468+22 Ma) belongs
to a layered bimodal association of ‘leptyno-amphibol-
ite’, which is likely to represent a metamorphosed vol-
canic suite. Its age should date the primary emplace-
ment of (part of) the Ruitor body. Sample ZH 98-22 has
the best-constrained age (471+£5 Ma) and probably rep-
resents a similar primary emplacement. Because the K-
feldspar megacryst-bearing orthogneisses may be
younger (ZH 98-19 at 465+11 Ma and ZH 98-20 at
460+7 Ma), they might correspond to subsequent granit-
oid intrusions. A confirmation of this relative chronolo-
gy might be found in the field by verifying the intrusive
character of the K-feldspar orthogneiss protolith, but the
only clue we are aware of is a pegmatite body quoted by
Caby (1996).

For the age of metamorphism, an indication is given
by the lower intercept ages of two samples (ZH 98-18
and ZH 98-20), which suggest lead loss during some
Variscan overprint. A Variscan high temperature (HT)-
event was clearly demonstrated in the Mont Mort area
(Bussy et al. 1996b; Giorgis et al. 1999), which belongs
to a northern extension of the Ruitor Massif. Until now,
the Ruitor (including Mont Mort) units are the only in-
ternal basement units of Western Alps where a Variscan
metamorphic signature has been found. In other Penninic
and Piemont units, orthogneisses are either too old (Cog-
ne granodiorite at 360 Ma — Bertrand et al. 2000b) or
clearly late to post-Variscan (Permian ages in Gran
Paradiso and Dora Maira; Bussy and Cadoppi 1996;
Bertrand et al. 2000b).

On the basis of their proximity with the ZHB and of
the good preservation of pre-Alpine relics, the Ruitor
and Sapey units were recently grouped in a single Alpine
nappe, the ‘Nappe des Pontis’ (Gouffon 1993; Gouffon
and Burri 1997). We may now add three other strong
similarities: (1) the ages obtained on orthogneisses, (2)
the typology of the zircon population and (3) the whole-
rock geochemistry.

A clear difference is established between the Vanoise
and Ruitor—Sapey orthogneisses. Ruitor and Sapey
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granitoids are of crustal origin, and were probably gen-
erated in a common pre-Variscan orogenic setting of
450-480 Ma age. By contrast, the 480-520 Ma-old al-
kaline metarhyolites and metagranites from the Vanoise,
Ambin and Siviez—Mischabel basement units belong to
earlier, anorogenic geodynamic settings. There the Vari-
scan event is hardly detectable, and so the difference has
apparently lasted until Late Palaeozoic times. To ac-
count for the variation in Variscan influences, Platt et al.
(1989, p. 136) proposed that the Ruitor units were at a
deeper pre-Alpine crustal level than the Vanoise base-
ment units. The similarity between their unconformable
Permian—Triassic covers suggests a relative proximity at
the end of Variscan times.

Concerning the methods, the zircon typology of Pupin
(1980) appears to be a robust indicator of magmatic pro-
cesses. This method has helped us to demonstrate ana-
texis, putting a stronger constraint on the tectonic setting
of the granitoid protoliths. The zircon typology determi-
nation is inexpensive and easy to perform; therefore, we
suggest zircon typology should be incorporated as a stan-
dard method in the zircon-dating procedure.

In the Ordovician, what occurred in and between the
pre-Variscan portions of Europe is still an open ques-
tion, despite numerous recently published geochrono-
logical data (e.g. Valverde-Vaquero and Dunning 2000,
and references therein) and a wealth of tentative palaeo-
geographical reconstructions (Ziegler 1990; Pin and
Marini 1993; von Raumer 1998). The Alps, and espe-
cially their internal domains, are obviously not the best
place for precise reconstructions because of all the dis-
placements and/or rotations that occurred during the
Variscan and Alpine orogenies. What we need, initially,
is a robust chronology and some indication of the
palaeotectonic setting of the dated magmatic rocks. Do
all Ordovician-dated rocks represent extensional set-
tings, as it has often been proposed for ‘leptyno-amphi-
bolite’ bimodal metavolcanics (Paquette et al. 1989; Pin
and Marini 1993 and references therein), or did a colli-
sion-related process produce Ordovician eclogites or
migmatites (Schaltegger and Gebauer 1999)? Our study
of the Ruitor area only demonstrates that an important
part of the Ruitor complex was formed during Ordovic-
ian times in an orogenic setting, but many unsolved
questions remain. Ruitor eclogite occurrences, still
poorly studied, are difficult to relate to the Variscan HT-
event and could indicate, instead, a high-pressure epi-
sode of Alpine or pre-Alpine age. Desmons and Mercier
(1993) have proposed the polycyclic Ruitor Massif to be
older than the 500-Ma monocyclic Vanoise. We have
found, instead, younger ages in the Ruitor felsics, but
we cannot exclude older, e.g. Pan-African-age rocks, to
be also present. Indeed, most magmatic remnants in the
Alpine-reworked basements occur as small disseminated
bodies within large meta-sedimentary assemblages of
poorly known age.

To conclude, three distinctive belts may be defined
from west to east within the Pennine—Piemont domain of
the Western Alps (Fig. 7):
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Fig. 7 Variscan domains in the
Penninic Alps. The exposed
basement massifs are outlined
by dotted lines
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. Ruitor-Sapey (Nappe des Pontis in Switzerland) char-
acterised by ca. 480—450 Ma-old aluminous intrusives
and Variscan high-grade metamorphism around
330 Ma (Giorgis et al. 1999);

. Vanoise (Mont Fallére and Siviez-Mischabel in Swit-
zerland) characterised by 520-480 Ma-old alkaline
magmatism and few (observed) traces of Variscan
metamorphism;

. Gran Paradiso, Dora Maira and Monte Rosa, where
dating is still in progress with Ordovician ortho-
gneisses (Bussy and Cadoppi 1996) and a large
amount of Late Carboniferous to Permian intrusives
(Bussy and Cadoppi 1996; Bertrand et al. 2000b; von
Raumer et al. 2002).

These three belts probably correspond to distinctive
Variscan terranes within the Hun Super-Terrane defined
along the continental margin of Gondwana (Stampfli
1990, 1996). Because this Super-Terrane perhaps con-
tains island arcs as well as passive continental margins
(see a more up-to-date reconstruction in von Raumer et
al. 2002), the rock record preserved today may well re-
present very contrasting geodynamic settings. This Vari-
scan contrast is further enhanced by distinctive behavi-
ours during post-Variscan extension, and during the Al-
pine subduction and exhumation stages.
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Appendix

Sample descriptions
Sample ZH 98-18

Sample ZH 98-18 is a leucocratic gneiss interlayered with amphi-
bolites, sampled near the village of Derby (Aosta Valley, Italy —
N45°43.07, E7°06.6", 790 m). It belongs to the banded greenstone
group defined by Baudin (1987). It contains small fractured clasts
of microcline, which occurs also in the groundmass with quartz
and albite. The dominant mica is a fine-grained alpine phengite,
but larger white micas, slightly oblique on the foliation, may be
older. Accessory minerals are large apatites, zircon and allanite re-
placed by retrograde epidote and clinozoisite.

Sample ZH 98-19

Sample ZH 98-19 is a mesocratic K-feldspar megacryst-bearing
augen gneiss sampled at Alpe du Mont Forciaz, near Usellieres in
Valgrisanche (Aosta Valley, Italy — N45°35.0%, E7°02.8’, 2,180 m).
It comprises mostly large K-feldspar partly replaced by chess-
board albite, quartz and some secondary calcite. The rock contains
also phengite, chlorite and stilpnomelane. Accessories are apatite,
titanite and zircon.

Sample ZH 98-20

Sample ZH 98-20 is a leucocratic K-feldspar megacryst-bearing
augen gneiss sampled in a scree below an exposure located on the
southern side of the Glacier de I’Invernet (Ste-Foy-Tarentaise, Sa-
voy, France — N45°37.05", E6°59.0’, ~2,650 m). It comprises nu-
merous megacrysts of perthitic K-feldspar, quartz, albite and epi-
dote. Small broken garnets are associated with epidote. Accesso-
ries are apatite, titanite and zircon.



Sample ZH 98-22

Sample ZH 98-22 is a dark fine-grained gneiss (‘métakératophyres
oeillés’ in Baudin 1987) sampled in a boulder of the north lateral
moraine of the Glacier de I'Invernet (same location as ZH 98-20).
Small augen correspond to quartz and albite. It comprises pheng-
ite, pale brown biotite, occasional blue-green actinolite, small gar-
nets, with abundant epidote and minor titanite and zircon.
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