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Dedicated to Prof. Dr. Martin Frey on the occasion of his 60th birthday

High-precision dating and origin of synsedimentary volcanism in

the Late Carboniferous Salvan-Dorénaz basin

(Aiguilles-Rouges Massif, Western Alps)

by Nicola Caput zo1 and François Bussy2,3

Abstract

Late Variscan volcanic activity is documented in the Late Carboniferous Salvan-Dorénaz sedimentary basin and in

the neighboring basement units of the Aiguilles-Rouges and Mont-Blanc crystalline massifs (Western Alps). Precise

Ll/Pb isotopic dating, zircon morphology and geochemical analyses indicate that volcanism occurred during shortlived

pulses and that coexisting crustal and mantle sources were involved in the production of melts. Volcanic and

subvolcanic products were emplaced along major N-S to NNH-SSW transtensional fracture zones, similar to the

ones that governed intense basement exhumation and that favored the formation and filling of the Late Carboniferous

Salvan-Dorcnaz continental basin.
In the Aiguilles-Rouges massif, dacitic flows outcropping at the base of the Salvan-Dorénaz basin erupted at

30,S ± 3 Ma; they represent the surface equivalent of ihe nearby Vallorcine peraluminous granite and associated

rhyolitic dykes (311 + 17 Ma). In the Mont-Blanc massif, calc-alkaline rhvolitic dykes were emplaced simultaneously

307 ± 2 Ma at shallow crustal levels, but they derive from deeper magma sources denoting enhanced mantellic activity.

Recently identified tuffs and volcaniclastic layers embedded at different levels of the Salvan-Dorénaz

stratigraphie record testify a 293 +3M Ma old episode of highly explosive volcanism from distant volcanic centers,

possibly located in the Aar-Gotthard massifs (Central Alps). Their zircon typology is highly heterogeneous,

documenting wall-rock contamination of the melts and/or admixture of crustal sediments, whereas consistent sub-

populations point to high-temperature magmas of deep-seated origin and alkaline affinity.
The dated volcanic layers from the Salvan-Dorénaz basin set the beginning of the detrital sedimentation at

30« ± 3 Ma and constrain the deposition of 1.5-1.7 km thick of clastic sediments within a time span of 10-15 Ma.

These results inlet minimum, long-term subsidence rales during basin evolution in the order ol > 0.1 ntm/a, while in

the surrounding basement units estimated exhumation rates are in the range ol 1 mm/a. All dated rocks contain

inherited zircon populations about 350, 450 or 600 Ma old.

Keywords: Late Variscan volcanism, volcano-sedimentary basin, zircon geochronology, Aiguilles-Rouges massil

and Mont-Blanc massif.

Introduction

The Variscan orogeny resulted front the Late
Palaeozoic multiple and oblique continental
collisions between Gondwana and Gondwana-de-
rived microplates to the south and Laurasia to the

north. Collision and accretion of Gondwana-de-
rived terranes in the Moldanubian Zone, a tec-

tonometamorphic unit of the internal orogenic
root domain, led to a thickened continental crust

and a Barrowian-type metamorphisir, culminating

in Mid-Carboniferous time (Matte, 1991; von
Raumer, 1998). The reorganization of the regional

stress field during the Late Carboniferous led

to the development of crustal-scale dextral strike-
slip zones in the consolidated part of the Varisci-
des (Arthald and Matte. 1977; Ziegler, 1990;

Henk. 1999). where post-orogenic readjustment
processes of the thickened crust took place (e.g..

Burc, et al., 1994. and reference therein). As a
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<Francois.Bussy@imp.unil.ch>
3 Geochronology Laboratory. Royal Ontario Museum. 100, Queen's Park,Toronto, Ontario. Canada. M5S 2C6.
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Fig. 1 Pre-Mesozoic basement rocks in the Alps (shaded)
and External Alpine Crystalline Massifs (stippled).

AA: Aar; Go: Gotthard; ÀR: Aiguilles-Rouges: MB:
Mont-Blanc: B: Belledonne; A: Argentera (modified
after Schaltegger and Corfu. 1995).

consequence numerous strike-slip and pull-apart
basins formed in central and southern Europe with
concomitant exhumation of metamorphic core
complexes and widespread magmatism (Ziegler.
1993; Cassinis et al., 1992; Krainer, 1993).

The main characteristics of the Variscan post-
collisional evolution are: (a) regional uplift with
erosional processes that reached mid-crustal levels;

(b) localized areas of intense tectonic subsidence

tilled with thick clastic continental series,
which rest unconformably on high-grade crystalline

rocks (von Raumer, 1998): and (c)
widespread intrusive and extrusive magmatism of
mantle and crustal derivation (Bonin et al.. 1993;
Benek et al., 1996; Cortesoc.no et al.. 1998;
BussY et al., 2000). In many places active volcan-
ism accompanied continental sedimentation and
it occurred along transtensional to extensional
structures. Late Carboniferous to Early Permian
basins containing varying amounts of volcanites
are described in the Northeast German basin
(Benek et al.. 1996), in the Saar-Nahe basin
(Schäfer, 1989; Stollhofen and Stainstreet,
1994). in the northern Permocarboniferous Swiss
troughs (Matter. 1987; Schaltegger, 1997a), in
the Alpine External Crystalline massifs (Fig. 1;
Aar massif, Franks, 1968; Schaltegger and
Corfu, 1995; Aiguilles-Rouges massifs, Capuzzo
and Bussy, 2000; Grandes Rousses, BANZETet al..

1985). and in the Ligurian and Southern Alps
(Cortesogno et al., 1998, and references therein).

The present study focuses on the Salvan-
Dorénaz basin, a Late Carboniferous continental
basin exposed with a NNE-SSW direction along
the eastern margin of the Aiguilles-Rouges massif
(Fig. 2). It formed as an intra-continental, fault
bounded, sedimentary trough during transtensive
and strike-slip tectonics and it contains different
types of continental facies deposited in a rapidly
subsiding basin. Stratigraphically, the age of the
basin fill was determined by macroflora associations

indicating Upper Westphalian and Stephani-
an ages (Jongmans, 1960; Weil, 1999). Unfortunately,

the low stratigraphical resolution of paleo-
flora associations around the Carboniferous-Permian

boundary of western Europe does not allow
a precise stratigraphical determination since
mixed associations often occur (Broutin et al.,
1986; Beco-Giraudon, 1993; and references
therein). In addition, the presence of thick series
ol reddish coarse-grained sediments has often
been interpreted as evidence of Permian
sedimentation (Oulianoff, 1924; Sublet. 1962).

Volcanic rocks occur along the western base of
the Salvan-Dorénaz basin (Sublet. 1962: Pu -

loud, 1991) and. more recently, tuffs and volcani-
clastic layers were also identified at different levels

of the basin fill (Niklaus and Wetzel. 1996;
Capi zzo and Bussy. 2000).

As volcanic layers are excellent potential geo-
chronological markers and occur throughout the
Salvan-Dorénaz stratigraphie record, a systematic
U-Pb zircon dating coupled to zircon typology
and geochemistry was carried out to determine:

- the exact time frame of continental
sedimentation;

- the average subsidence rates during basin
evolution;

- the presence or not of Permian deposits;
- possible sources of the synsedimentary

volcanic products;
- their links to magmatic pulses documented

in the nearby Aiguilles-Rouges and Mont-
Blanc basement units.

Regional geological setting

The Aiguilles-Rouges and the nearby Mont-
Blanc massifs are part of the so-called External
Crystalline massifs of the French and Swiss Alps
and they represent basement nappes or slices
appearing as Alpine antiform cores among their
Mesozoic covers.The External Crystalline massifs
belong to the former Moldauubian internal zone
of the Variscan belt (von Raumer et al.. 1993)
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Fig. 2 Geographical location, in upper left, and geological map of the Aiguilles-Rouges and Mont-Blanc massifs

(modified aller Brändlein et al.. 1994). The two massifs are formed by metamorphic and magmatic basement rocks
and secondly bv Carboniferous detrital sediments containing various amounts of volcanites.They appear as nappes
in Alpine antiform cores among their Mesozoic cover. U/Pb ages are from this study and after Bussy et al. (2000).
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and preserve most of their late ot ogenic, essentially

Carboniferous evolution. The Tertiary
Alpine overprint reached only the lowermost green-
schist facies in the Aiguilles-Rouges and a slightly
higher grade in the nearby Mont-Blanc massif

(von Raumer, 1971; Frey et al.. 1999).

The Aiguilles-Rouges massif consists of a

complex assemblage of tectonic units with
contrasting maximum P-T metamorphic conditions
and separated by major, steeply dipping N-S
faults and/or mylonitic zones (von Raumer et al.,
1999). It is essentially composed of Palaeozoic
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polymetamorphic. amphibolite-facies grade rocks
and granitic plutons (Fig. 2). Tine Mont-Blanc
massif is similar to the Aiguilles-Rouges massif,
from which it was ca. 20 km apart before the
Alpine orogeny (Epard, pers. comm.). It differs in
its slightly deeper structural units and stronger
Alpine deformation.

Age determinations in the External Crystalline
massifs indicate a polyorogenic evolution, comprising

Variscan, Ordovician and Late Precambrian
events (von Raumer 1998; von Raumer et al.,
1999). The earliest record of the Variscan collision
in the Aiguilles-Rouges/Mont-Blanc area is probably

documented by the Lake Cornu eclogites
(700 °C / min. 14 kbar; Schulz and von Raumer,
1993). On the other hand, paragneisses experienced

a succession of deformation events related
to early thrust tectonics (Dobmeier, 1998) and
nappe stacking, with development of a Barrowian-
type metamorphism (von Raumer et al., 1999)
documenting cooling ages between 327-316 Ma
(Dobmeier et al., 1999). Metapelites record a typical

clockwise P-T path, as commonly found in the
internal parts of the Variscides (e.g. Rey et al.,
1997). Relics of high-P kyanite-bearing paragene-
ses were overprinted by high-T sillimanite-bearing
mineral assemblages dated at 327 ± 2 Ma (LJ-Pb
age on monazite. Bussy et al.. 2000). Subsequent
isothermal pressure drop, ascribed to fast tectonic
exhumation, triggered in situ decompression melting,

dated at 320 ± 1 Ma and 317 ± 2 Ma on
Aiguilles-Rouges and Mont-Blanc leucosomes, respectively

(Bussy and von Raumer, 1993; Bussy et al..
2000). In the meantime (since at least 330 Ma), the
initial thrust tectonic regime switched to a long-
lasting, transcurrent regime with dextral sense of
shear along subvertical N-S to NNE-SSW fault
zones, such as those delimiting the western flank of
the Salvan-Dorénaz basin (Schulz and von
Raumer, 1993; Bussy et al., 2000).

The Variscan magmatic activity in the External

Crystalline massifs consists of short-lived
pulses (e.g. Bussy and Hernandez.. 1997;
SCHALTEGGER, 1997b; Debon and Lemmet. 1999;
Bussy et al., 2000). In the Aiguilles-Rouges and
Mont-Blanc area, a first pulse at ca. 330 Ma is
documented by the syntectonic intrusion along major
transpressive faults of the mantle-derived Porrne-
naz monzonite (Bussy et al„ 1997), and the crust-
derived Montées-Pélissier peraluminous granite
(Bussy et al, 2000) (Fig. 2). A second pulse
occurred at 307 ± 2 Ma with syntectonic intrusion
along dextral transtensional shear zones of the
high-T cordierite-bearing granites of Vallorcine
(Brändlein et al.. 1994) and Montenvers
(Morard. 1998), as well as the Fully anatectic
granodiorite (Bovay. 1988). The latter hosts co¬

eval gabbro enclaves, again documenting a man-
tellic contribution. Finally, the large Mont-Blanc
ferriferous granite and coeval mafic rocks (Bussy,
1990) intruded at 303 + 2 Ma (Bussy and von
Raumer, 1993). Its alkali-calcic nature is consistent

with the general tendency of the late Variscan
magmatism to evolve towards increasingly alkaline

post-orogenic series (Bonin et al, 1998;
Bussy et al., 2000). Subvolcanic faciès occur both
in the Aiguilles-Rouges and Mont-Blanc massifs
as granite-porphyry and rhyolite dykes.

Carboniferous volcano-sedimentary deposits
are known within the Aiguilles-Rouges basement
units. Low-grade detrital sediments of Visean age
with intercalated calc-alkaline volcanites occur at
the southern end of the massif (Dobmeier, 1996;
Dobmeier et al., 1999); whereas Late Carboniferous

anchizonal sediments crop-out in the Porme-
naz and Salvan-Dorénaz Alpine synclines (Fig. 2).
In the latter a total thickness of 1.5-1.7 km of
sediments accumulated within four different litho-
logical units in response to intrabasinal differential

subsidence and tectonic movements (Nik-
lals and Wetzel, 1996; Capuzzo et al., 1997).
They are schematically reported in the geological
map and relative cross-sections of the northern
areas of the basin (Figs 3a. b). Active volcanism
occurred during its initial development as shown
by subaerial flows and autobreccia deposits
outcropping along its north-western base (Sublet,
1962; Pilloud, 1991 ),and by several rhyolitic and
ignimbritic pebbles embedded in the lower depo-
sitional unit (Figs 3a, b; Capuzzo and Bussy,
2000). In addition, recently identified tuffs and
volcaniclastic layers outcropping in the upper levels

of the basin testify for intense, high explosive,
synsedimentary volcanism possibly derived from
distant sources (Niklaus and Wetzel, 1996;
Capuzzo and Bussy, 2000).

Samples and analytical techniques

The investigated samples mainly consist in
volcanic and volcanigenic deposits outcropping at
different levels of the Salvan-Dorénaz basin. A
few samples of subvolcanic and plutonic rocks
from the neighboring Aiguilles-Rouges and
Mont-Blanc basement units were also analyzed
for comparison (for sample description and location.

see annex 1 A synthetic description of the
field and petrographical features of these litholo-
gies is given in the next section.

Five samples from volcanic and volcaniclastic
rocks in the Salvan-Dorénaz basin and from
subvolcanic dykes in the Aiguilles-Rouges and Mont-
Blanc massifs were selected for LJ/Pb geochronol-
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Fig. 3 (a) Geological map of the northern areas of the Salvan-Dorénaz syncline.The four lithological units that fill
the basin are schematically reported, as the location of the volcanic and volcanigenic layers, (b) Multiple cross-
sections of the northern areas of the Salvan-Dorénaz syncline. Section lines are reported in the geological map and
indicated by capital letters (modified after Pilloud, 1991
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ogy on zircons. The U-Pb dating of zircons
(Tab. 1) was done using the conventional isotope
dilution technique at the Royal Ontario Museum
of Toronto, Canada. Zircons were extracted from
20-25 kg of fresh material, using classical heavy
liquid and magnetic separation techniques. The
analyzed crystals were selected according to criteria

detailed in Bussy and Cadoppi (1996).
Zircons with smoothed edges were systematically
rejected to minimize the risk of analyzing reworked
or xenocryst grains. Chemistry and measurements
were made following the standard procedure of
Krogh (1973). Air-abrasion was applied systematically

to eliminate surface-correlated lead loss
and younger overgrowths (Krogh, 1982).
Regression lines were computed using the ISO-
PLOT/EX program of Ludwig (1999). All errors
are quoted at the 95% confidence level.

Whole rock major and trace element concentrations

were measured by X-ray fluorescence
spectrometry (XRF) (Philips PW 1400 equipment)

at the Centre d'Analyse Minérale of the
University of Lausanne on 13 samples principally
selected among new founding of volcanic and vol-
canigenic deposits in the Salvan-Dorénaz basin.
Data are reported in table 2. Seven samples were
processed for Rare Earth Element analyses
(REE). Data, reported in table 3, were obtained
by inductively coupled plasma mass spectrometry
(ICP-MS) (VG-PQ2) at the Laboratoire de Geo-
dynamique des Chaînes Alpines of the University
of Grenoble following the procedure of Barrat
et al. (1996). Sm and Nd isotopes were isolated on
the same samples by ion exchange chromatography

at Grenoble as well, whereas Nd isotopic
measurements were performed on a multi-collector

ICP-MS (Nu Instrument) at the University of
Bern (Tab. 4).

The main mineral phases of the fine-grained
tuff and volcaniclastic layers were determined by
powder X-ray diffraction analysis (Siemens D-
5000 X-ray diffractometer) at the Geochemical
Laboratory of the University of Basel.

Field data and petrography

BASAL SUBAERIAL VOLCANISM

The volcanic flows outcropping at the base of the
Salvan-Dorénaz trough are characterized by variable

proportions of coherent and autoclastic sco-
riaceous volcanic facies interlayered toward the

top with Upper Carboniferous sediments. They
present porphyritic textures with large euhedral
and subhedral quartz and plagioclase pheno-

crysts. The latter were mostly replaced by albite
during subsequent retrogression. Quartz
frequently shows perlitic fractures and typical
resorption features. Subsidiary altered biotite flakes
and a few K-feldspars are dispersed in the micro-
crystalline matrix. Accessory minerals such as garnet,

apatite, zircon and opaque minerals also
occur. Coarse-grained garnets are interpreted as

xenocrysts from crumbling wall rocks, incorporated
during the ascent of magma. Fine-grained

quartz reaction rims document chemical disequilibrium

between garnets and the melt. Both phe-
no- and xenocrysts are frequently cracked as a
result of shear during flow and/or pressure release
during rise and eruption of the magma.

VOLCANIC PEBBLES

Rounded volcanic pebbles, petrographically similar

to the basal volcanic deposits, occur within
conglomeratic beds outcropping in the Salvan-
Dorénaz basin. Samples described here were
collected in the lower stratigraphical levels of the
Late Carboniferous sediments. They show eutax-
itic texture with different welded pumice
fragments and devitrified glass shards. Quartz and
plagioclase phenocrysts are frequently aligned
along flow direction. Coarse-grained garnet
xenocrysts also occur. All these features are typical for
ignimbritic flows. They were probably erupted in
the source areas of detrital material, subsequently
eroded, and transported via alluvial fan systems
into the Salvan-Dorénaz basin. Their tectonicallv
undeformed fabric and pétrographie characteristics

suggest a close relation to the local magmatic
pulse recorded at the base of the Salvan-Dorénaz
basin.

TUFF LAYERS

Fine to very fine-grained tuffs (ash-fall deposits)
ranging in thickness from 5 to 70 cm and showing
lateral continuity, mantle bedding, delicate planar
laminations and fining-upward tendency are
interlayered in the upper levels of the Late Carboniferous

sediments. They consist of a fine-grained
matrix containing dispersed chloritized glass
shards, few fragmented quartz and plagioclase
crystals, biotite flakes, and opaque and heavy
minerals. The cryptocrystalline matrix is intensely sil-
icified and some secondary carbonate patches
may occur in it. The main mineral phases
determined with powder X-ray diffraction analyses
are: quartz, albite, illite and clinochlore.



DATING AND ORIGIN OF VOLCANISM IN THE SALVAN-DORENAZ BASIN

V( )LCANICLASTIC LAYERS

Several volcaniclastic sandstones were found in
the upper levels of the Salvan-Dorénaz basin.

They consist of mixed volcaniclastic and detrital
grains and sometimes show well developed cross-
stratification indicating reworking by traction
currents. They range in thickness from 50 to 160

cm and are intimately interlayered with siltstone
and sandstone beds. Their fabric is matrix- to
grain-supported. The clastic components are
mainly derived from volcanic sources. Broken de-
vitrified glass shards, monocrystaliine quartz and

plagioclase fragments, and biotite flakes indicate
a volcanic origin. On the other hand, micaschist
and high-grade metamorphic clasts, polycrystal-
iine quartz, intensely altered K-feldspars and
white mica flakes point toward detrital sources.

SUBVOLCANIC DYKES IN THE AIGUILLES-
ROUGES AND MONT-BLANC BASEMENT

UNITS

In the Aiguilles-Rouges, subvolcanic facies occur
as granite-porphyry and rhvolite vertical dykes,
which crosscut both the Vallorcine granite and its
country rocks (Brändlein et al., 1994: Leresche,
1992). They might represent feeding dykes of the
basal volcanism preserved in the Salvan-Dorénaz
basin. They show injection structures with locally
well developed chilled margins, and complete
transition from porphyritic to microcrystalline to
spherulitic textures (Leresche. 1992; Brändlein
et ah, 1994). Quartz phenocrysts are frequently
rounded and corroded; idiomorphic to hypidio-
morphic plagioclases are intensely replaced by al-
bite and sericite. Micas are uncommon and
intensely altered. Accessory minerals such as garnet,

apatite, zircon, rutile and opaques also occur.
Flowage nticrostructures around the phenocrysts
are well preserved with no sign of intense deformation

or recrystallization (Brändlein et ah. 1994).
A complex network of shallow-level dykes

and a subvolcanic rhyolite stock a few km2 wide

(Marro, 1986) occur along the eastern side of the
Mont-Blanc massif (Fig. 2), probably emplaced
during periods of subaerial fissure volcanism
favored by N'E to NNE trending fracture zones

(Burri and Marro, 1993). These rhyolites
display porphyritic to microcrystalline textures, with
rare to abundant plagioclase, K-feldspar and re-
sorbed quartz phenocrysts up to 5 mm long. The
fine-grained matrix is composed of microcrystalline

quartz with occasional fluidal textures, which
partially recrystallized during Alpine metamor-
phism (Blrri and Marro, 1993).

Zircon typology and geochronology

Nine samples of lava flows and tuff layers from
the Salvan-Dorénaz basin have been processed
for zircon extraction. Among them, six did not
contain this mineral at all (e.g. CN256 and

CN257) or only rounded grains (e.g. CN 108 and

CN113), suggesting either a sedimentary derivation

with abrasion during transport and/or a xen-
ocrystic origin with dissolution within the host

magma. In both cases, these resorbed grains could
not provide reliable ages of syndepositional
volcanic activity and therefore were not further
considered. All three remaining samples (CN118,
CN125 and CN140) contained at least some sharp
faceted zircon crystals, which have been preferentially

selected for U-Pb dating (Tab. 1). In addition,

zircons were also extracted from two samples

of subvolcanic dykes from the Aiguilles-
Rouges and Mont-Blanc massifs.

SUBAERIAL BASAL FLOW (CN125)

This sample essentially contains variously
resorbed stubby zircons with smoothed edges
suggesting a xenocryst origin. By contrast, a secondary

zircon population consists of sharp faceted ac-
icular prisms and needle crystals. From a morphological

point of view, there is no significant difference

between the two sub-populations. The (211}
pyramid is largely dominant over the {101} one
(mean A index 281 ); whereas the (110} prism is

moderately more developed than the {100} one
(mean T index 415) (Fig. 4). According to Pupin

1980; 1988). this kind of zircon is typical of intrusive

granitic magmas of crustal anatectic origin
(Fig. 5). Its relatively high mean T index points to
rather high-temperature melts, above the incon-
gruent melting point of biotite at the source. If
part of the zircons is indeed of xenocryst origin,
the contaminant material should itself be peralu-
minous in composition.

Four small zircon fractions have been selected
for U-Pb dating (Tab. 1 ).To avoid inherited cores,
only needles and hollow flat prisms have been
considered in fractions [8] to [ 11 ], whereas 3 stubby

prisms have been selected for fraction [12].The
results yield a rather complicated pattern (Fig. 6);
fractions [8], (111 and [12] are all three concordant
([12] not shown in Fig. 6), but at contrasting ages
of 347, 308 and 440 Ma, respectively. This age
heterogeneity confirms that several zircon populations

are mixed together, as inferred by the
morphological features. The youngest age of 308 ± 3

Ma yielded by [11] is interpreted as dating the
magmatic growth of zircons within the dacitic
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Fig. 4 Zircon morphology distribution in the typologie
classification of Pijpin 1980) for volcanic and subvol-
canic rocks from the Aiguilles-Rouges and Mont-Blanc
massifs. For description and provenance of samples, see
text and annex 1. n number of analysed zircons: I.A.
and l.T. mean A andT indices, respectively.

melt, which fed the basal lava flow. On the other
hand, zircons from fractions [8] to [10] represent
another population about 350 Ma old, as they plot
linearly in the Concordia diagram, defining an
upper intercept age of 349 ± 7 Ma. These zircons
are interpreted as xenocrysts incorporated into
the dacitic melt at the source or during the ascent
of magma. The same is true for the 440 Ma old
zircons of fraction [12],

TUFF LAYER CN1 IN

This rock-type is characterized by low concentrations

of tiny and euhedral zircons, which define
two well-contrasted morphological populations

Fig. 4). Hie first one consists of stubby bipyrami-
dal prisms with well-developed (211) facets, typical

of peraluminous melts. Some of these crystals
are slightly resorbed (smoothed outlines). The
second population is characterized by acicular,
sharp faceted prisms with poorly developed or
absent (211) and (110) crystallographic forms,
which indicate very high A (> 600) and T (> 700)
indices. These features are specific to alkali-calcic
and alkaline acidic melts (Fig. 5). Such contrasting
zircon populations cannot grow in the same magma

and thus clearly document mixing processes.
Considering the resorbed outline of some of the
low A index zircons and their mid-crustal anatec-
tic origin, it is inferred that they have been
incorporated as xenocrysts into an alkaline magma,
whereas the high A index zircons crystallized
directly in the melt.

On this basis, only high A index zircons were
selected for U-Pb isotopic dating. Seven single-
grain or small multi-grain fractions were analyzed
(fractions [1 ] to [7],Tab. 1 All plot concordantly
between 290 and 297 Ma within analytical errors,
which are rather large for the single-grain loads
(fractions [1] to [3]) (Fig. 6). Reiving preferentially

on the »K-PbAni and -1|l7Pb/235U ages of the
most concordant dala points, we propose an age
of 295 +3A4 Ma for the volcanic ash production
and deposition.

VOLGANICLASTIC SANDSTONE (CN140)

This horizon was selected since it outcrops in the
uppermost preserved part of the stratigraphie
record of the Salvan-Dorénaz basin. It contains
numerous zircons, mostly ovoid in shape, but
sometimes acicular and sharp faceted. Their
morphological distribution is bipolar, although less

clearly than for sample CN118. Zircons present a

large range of A indices, with maxima at A 300
and 700, respectively (Fig. 4). This pattern can be

interpreted in two different ways: it might either
correspond to the evolution of a peraluminous
magma, with early low-A index morphologies
evolving towards high-A index ones, as often seen
in the differentiated acidic magmas (PuPlN, 1980);
or it could be a situation similar to that observed
in CN118, with an alkaline acidic magma crystallizing

high-A index zircons, and incorporating
low-A index xenocrystic zircons during its evolution.

The latter population could have also been
supplied by the elastic input of this volcano-sedimentary

rock.
Three small zircon fractions were selected for

U-Pb dating (fractions [13] to [15], Tab. 1).
Considering the high probability of inheritance, usual-
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O CON 125 (SD)

A CN118a(SD)

A CN118b (SD)

V CN140 (SD)

A Vallorcine granite (AR)

BR 1466 (AR)

FB947 (MB)

Mont Blanc Granite (MB)

Central Aar granite

f-'ig. 5 Distribution of the mean A/T points of the
analysed volcanic and subvolcanic samples in the classification

diagram of Pupin (1988).
1 aluminous granites: (2) sub-autochthonous mon-

zogranites-granodiorites: (3) intrusive aluminous mon-
zogranites-granodiorites: (4) calc-alkaline and K-calc-
alkaline series granites: (5) sub-alkaline series granites;
(6) alkaline series granites: (7) continental tholeiitic
granites; (8) oceanic tholeiitic series granites.

The distribution pattern points to a bimodal Late
< 'arboniferous magmatism in the Aiguilles-Rouges and
Mont-Blanc massifs. Data for Vallorcine, Mont-Blanc
and Central Aar granites are from Bonin et al. (1993).
Samples number and location reported in annex I.

Iv associated to low-A index zircons, only sharp
faceted acicular prisms or needles were selected.
The three fractions are collinear in the Concordia
diagram, which documents a common crystallization

age of ca. 440 Ma. well constrained by the
concordant fraction [ 15] (Fig. 6). The CN14Ö vol-
caniclastic horizon thus hosts a large and well
preserved inherited zircon population of Silurian age.
No evidence for Carboniferous zircons has been
found: they probably have a stubby morphology,
which has been dismissed during the selection
procedure.

AIGUILLES-ROUGES RHYOLITIC DYKE
(BRI 466)

Red rhyolitic dykes, ca. 2-3 m thick and 1200 m
long, outcrop in the Salanfe area (Aiguilles-Rou¬

ges massif) and are classically considered as

Permian in the literature (Brandlein. 1991; Brändlein

et al., 1994). Since they crosscut all tectonic
structures of the country rocks, their dating yields
an upper time limit for the ductile deformation in
the Aiguilles-Rouges massif. The processed sample

contains very few zircons, either acicular and

cloudy, with many bubbles and melt inclusions, or
more stubby with ovoid outlines. Because of the

very small number of crystals available, only 23

grains were morphologically characterized. They
all have low A and T indices (mean A and T indices

261 and 391, respectively; Fig. 4), typical of
aluminous anatectic melts (Fig. 5).

Seven zircon fractions were analyzed (Tab. 1,

fractions [20] to [26]). Fractions [22] and [23] are
concordant within large analytical uncertainties
(Fig. 6). due to their very small amount of radiogenic

Pb, at 2n6Pb/238U ages of 289 and 293 Ma,
respectively. Fraction [24] is slightly discordant at a

206pb/238y age 0f 305 Ma. On the other hand, fraction

[21 ] is 25% discordant at a younger U-Pb age
pointing to episodic lead loss, whereas fractions
[20), [25] and [26] are discordant at higher apparent

ages, evidencing the presence of Lower Paleozoic

inherited cores. The available data do not
allow a precise age determination, which should lie
close to 300 Ma, in any case below 307 ± 2 Ma, as

the dyke crosscuts the Vallorcine granite.
Nevertheless, a minimum age for the dyke intrusion can
be calculated on the basis of the collinear
fractions [21] to [23]. If the lower intercept of the dis-
cordia line is tightened to 0 ± 30 Ma (assuming
Alpine lead loss), the upper intercept age is 311 ±
17 Ma, which defines a minimum intrusion age of
294 Ma for this rhyolitic dyke.

MONT-BLANC RHYOLITE (FB947)

This greenish sub-volcanic rock contains numerous

euhedral pinkish zircons, rich in bubbles and
melt inclusions. Their morphological distribution
(Fig. 4) is bipolar, with a dominant population
characterized by high A indices of 600-700 (the
1211 pyramid is subordinate or even absent), as

are zircons from the neighboring Mont-Blanc
alkali-calcic granite (Fig. 5). A subsidiary zircon
population has noticeably lower A indices
between 300 and 400. The latter can hardly crystallize

in the same magma as the dominant high-A
index zircons and are considered as resulting from
source and/or wall-rock contamination.

Four rather large zircon fractions have been
selected for U-Pb isotopic dating (Tab. 1,

fractions [16] to [19]). Fractions [18] and [19] consisted

of colorless needles and are perfectly concor-
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207Pb/ 235U
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Fig. 6 U/Pb concordia diagrams for Ihe analysed
volcanic and subvolcanic rocks. Fraction numbers
refer to table 1. Ellipses are 2tr errors and
preferred ages are framed. Samples number and
locality reported in annex 1. SD Salvan-Dorénaz
basin: AR= Aiguilles-Rouges; MB= Mont-Blanc.
See text for details.
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dant at 307 ± 2 Ma. whereas [16] and [17] yield
older apparent ages (Fig. 6). A discordia line
drawn through all points gives an upper intercept
age of 639 ± 30 Ma (MSWD 0.77), documenting
a Pan-African inherited component. Relying on
the concordant data, a magmatic age of 307 ± 2

Ma is proposed for the Mont-Blanc rhyolite.
Considering both zircon ages and typologies, these

rhyolites seem unrelated to any volcanic products
outcropping in the Salvan-Dorénaz basin.

Geochemistry

NOMENCLATURE

Considering the sedimentary environment into
which most of the analysed samples were deposited,

intense chemical modifications due to weathering

and/or diagenesis are to be expected.
Furthermore, differentiation processes related to the
fall-out deposition of ashes, as well as input of de-
trital material have partially modified the original
chemical composition of the tuff and volcaniclas-
lic layers. Depletion in NaT) and CaO and relative

enrichment in K;() and A1203 were considered

as chemical indication of intense weathering

Ala)

advanced

feathering trend

weathering
trend

C.iO +

Na.O

tuff layers Rhyolicic pebbles volcaniclastic

(SD) (SD) layers (SD)

Fig. 7 Diagram of weathering trends for sialic and malic

magmatic rocks (after Nesbitt and Young, 1984;
19(89). The tuff and volcaniclastic layers as well as the
volcanic pebbles occurring in the Salvan-Dorénaz basin

(SD) show major elements chemical modification possibly

related to intense weathering. Data reported in table 2.

X

\ I

rhyolite \
0>

' 0
e/ trachyte

A O c
^

rhyodacite

_ dacite A

andésite

I trachy-andesite /
\ y basanite

I i|Ui f nephelinite

sub-alkaline basalt
basalt

—1—
0.1 1

1

Nb/Y io

tuff ^ Volcaniclastic Rhyolitic

layers (SD) layers (SD) pebbles (SD)

Fig. S Nb/Y vs Zr/TiCb classification diagram
(Winchester and Floyd, 1977) for the tuffs, volcaniclastic
layers and volcanic pebbles occurring in the Salvan-
Dorénaz basin (SD). Data reported in table 2. See text
for discussion.

A alkaline series

trachydacire hyolite
"75

A >

andésite

"• A
* ^

- é

subalkaline
dacite

—r~
60

—r~
A)

SiOy (wt %)
80

Basal volcanic A MB rhyolites
flows (SD)

o Porphyritic micro- I-, Porphyritic
granites (AR)granites (AR)

V AR rhyolites

Kit)
Fig. 9 TAS classification diagram (Le Maître et al..

1989) for the Late Carboniferous volcanic Hows at the
base of the Salvan-Dorénaz basin and for subvolcanic
rocks in the Aiguilles-Rouges (AR) and Mont-Blanc
(MB) massifs. Subdivision between alkaline and sub-alkaline

series after Irvine and Baragar (1971 New
data are reported in table 2. Data compared from the
literature arc those of: Pilloud (1991) for the basal
dacitic flows; Brändlein (1991), Brändlein et al.

(1994) and Leresche (1992) for the Aiguilles-Rouges
subvolcanic dykes; Marro (1986) and Burri and Mar-
ro 1993) for the Mont-Blanc rhyolites.
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(Nesbitt and Young. 1989). Samples that present
such chemical modifications (Fig. 7. e.g. tuff and
volcaniciastic layers) were classified according to
relative proportions of reputedly immobile trace
elements, as proposed in Nb/Y-Zr/Ti02 classification

diagram (Fig. 8; Winchester and Floyd;

1977). It must be kept in mind that this classification

scheme yields only indicative information.
All samples that escaped intense chemical

weathering (e.g. basal subaerial flows) were
chemically classified according to the TAS
diagram (Fig. 9; Le Maître, 1989), into which they
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plot in good agreement to their respective mineralogy.

BASAL SUBAERIAL YOLCANISM

Chemical data for the subaerial lava flows
outcropping along the western base of the Salvan-

Dorénaz trough are partly new (sample CN125.
Tabs 2 and 3) and partly from PiLLOUD (1991).
They plot into the dacite and trachydacite fields
of the TAS diagram (Fig. 9). These rocks have 63.5

to 66.2% SiO;, are slightly peraluminous (A/CNK
1.0-1.17), and alkali rich (Figs 9 and 10). They

have chemical characteristics very similar to those
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Tab. 3 REE chemical composition for the analyzed samples. See text for description and Annex 1 for location of samples.

REE CN125 CN118 CN121 CN122
Samples

CN113 CN140 MR2809 EB803 BR]466

La 28.8 35.1 21.2 34.4 36.5 28.6 32.0 39.8 33.2
Ce 64.2 77.9 51.0 —.2 77.3 64.0 65.4 73.3 16.0

Pr 7.6 8.9 5.6 8.9 9.3 6.9 7.2 6.8 -

Nd 28.0 32.3 20.3 30.5 33.8 24.6 24.5 24.7 13.8
Sm 5.8 6.7 4.1 6.0 6.8 5.2 4.9 5.6 3.13
Eu 1.01 0.51) 0.81 0.61 0.78 0.5-, 0.95 0.77 0.31

Gd 5.7 6.1 4.0 5.4 5.4 5.1 5.0 5.8 2.53
Tb 0.82 0.95 0.80 0.90 0.84 0.--) 0.80 0.94 -

Dy 1.8 5.4 5.7 5.7 4.8 4.5 4.2 5.6 2.0

Ho 0.94 1.09 1.29 1.22 0,98 0.94 0.84 1.20 -

Er 2.4 3.1 3.7 3.5 2.8 2.6 2.6 3.4 0.94
Yb 2.1 2.8 3.1 3.3 2.8 2.7 2.7 3.4 0.81

La 0.30 0.42 0.49 0.51 0.44 0.41 0.45 0.53 0.41

Hf 2.9 4.3 6.1 7.2 3.1 3.4 - 5,6 -

Ta 1.8 1,8 1.3 2.6 2.6 1.0 1.6 -

Pb 17.8 6.4 9.2 29.1 169.4 29.2 - 17.2 -

Tb 10.8 13.3 13.0 18.3 17.7 12.0 18.5 22.0 -

U 4.5 5.6 6.0 5.5 7.2 3.7 8.8 5.5 -

of the dacitic dykes from the Aiguilles-Rouges
basement (Brändlein, 1991: Brändlein et al.,
1994) both in terms of major and trace element
concentrations - in particular high Ba contents
(760-980 ppm) - but differentiate from them for
their higher contents in K:0 and Na:(). A feature
common to all the samples is their high K content
(Fig. 10). as frequently observed for melts occurring

in thickened continental crusts.
The initial eNd of sample CN125 (Tab. 4).

recalculated at 308 Ma, is the most negative (-7.14)
of the analyzed volcanic samples, close to typical
values for crustal-derived peraluminous granites
(e.g. Voshage et al.. 1990).

lab. 4 Whole-rock Nd isotopic data for the volcanic
rocks of the Salvan-Dorénaz basin. Data have been
normalized to 146Nd/144Nd 0.7219 (Wasserburg et al.,
1981). Uncertainties refer to the last significant digits of
the isotopic ratios. Time for eNd(t) calculations for
undated samples has been arbitrarily set to 300 Ma.

Samples l43Nd/144Nd t (Ma) ZNd(t)
UN 125 0.512100 ±74 308 -7.14
CN113 0.512530 ±28 300 0.77
CN1121 0.512544 ±30 300 1.02
C IN 122 0.512433 ±20 300 -1.02
CN140 0.51 2180 ± 19 300 -6.3
CN1 18 0.512267 ±20 295 -4.50

VOLCANIC PEBBLES

Two volcanic pebbles were analyzed (Tabs 2 and
3), and they show abnormal major element
compositions (e.g. very low Ca contents) indicating
intense weathering (Fig. 7). Sample CN252b is very
high in Si (83% Si02) and depleted in Na, pointing

to silicification processes either early within
the ignimbritic flows or subsequently within the
sedimentary basin. It plots into the trachy-ande-
site field of the Nb/Y-Zr/TiO, diagram Fig. 8). Its
low Sr (31 ppnt) and very high Ba (1485 ppm)
contents also might reflect fluid circulation
effects. Conversely, sample CN252d has only 66%
SiO; and plot into the trachyte field (Fig. 8). Its
very high contents in Al:(.); (19.23%), Ba (1900
ppm) and REE (e.g. 286 ppm of La) suggest the
occurrence of xenolithic material, such as a
micaceous restitic clot.

TUFF LAYERS

Seven samples of tuff layers from the Salvan-
Dorénaz sedimentary basin have been analyzed
(Tabs 2 and 3).They have a wide range of compositions

(SiO: 67.6-77.8% and plot into the
trachyte and trachy-andesitic (close to the rhyolites)
fields (Fig. 8). As briefly mentioned above, they all
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present very low Ca and Na values and often are

high in K and Al. reflecting alteration of the feld-
spathic component into illitic material (Fig. 7:

Nesbitt and Young, 1989). Sr behaves as Ca (Fig.
12), whereas concentrations in other mobile trace
elements such as Ba and Rb are very variable (e.g.

samples CN256 and 256a, Tab. 2). REE concentrations

are higher than in the rhyolitic dykes
from the Aiguilles-Rouges basement, but very
similar to those of the basal dacitic flows and of
the Mont-Blanc granite and rhyolites (Tab. 3 and

Fig. 11

Initial eNd are very heterogeneous (Tab. 4).
ranging front negative values (—4.56, CN118) typical

for Late-Variscan granitic rocks of the area
(Bussy, unpub. data) to slightly positive values

(1.02, CN121), unknown in this region and characteristic

of mantel-derived material. This high

range of values can be explained by wall rock
assimilation processes and/or by admixture of detri-
tal (crustal) material to initial melts, to which
contributed mantle reservoirs. Additional data are

necessary to confirm this first set of results.

S2
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Shoshonite series

°0<5> S

v ^ A

• A

• High K
calc-alkaline

Call-alkaline
series

1 1 1

64 68

i i i

72

SiO2 (wt%)

• Basal volcanic
flows (SD)

A MB rhyolites

o Porphyritic micro-
granites (AR)

n PorphyriticU
granites (AR)

V AR rhyolites

Fig. 10 K20 vs SiO- diagram for subdivision of subal-
kaline rocks. All the considered volcanic samples from
the Aiguilles-Rouges and Mont-Blanc massifs show a

high-K calc-alkaline affinity. Shaded bands are boundary

lines after different authors (Rollinson, 1993).
New data are reported in table 2. Data compared from
the literature are those of: Pilloud (1991 for the basal

dacitic flows; Brändlein (1991). Brändlein et al.,
(1994) and Leresche (1992) for the Aiguilles-Rouges
subvolcanic dykes; Marro (1986) and Burri and Mar-
ro (1993) for the Mont-Blanc rhyolites.

V()LCANICLASTIC DEP()SITS

Three volcaniclastic sandstone layers from the

upper part of the Salvan-Dorénaz basin have
been analyzed (CN108. 113, 140, Tab. 2). Their
silica content ranges from 69.8 to 74.9% Si02 and

they plot into the dacite-rhyodacite fields (Fig. 8).

Although non-volcanic detrital material has been
identified in these lithologies, their overall chemical

composition is not very different from that of
other investigated volcanic rocks. They present
erratic contents in mobile trace elements (e.g. Ba,
Tab. 3). Again, the highly variable initial eNd values

(e.g. 0.77 and -6.03, Tab. 4) of these volcaniclastic

layers, as illustrated by the otherwise very
similar samples CN113 and CN140 (Tab. 2), probably

reflect mixing processes between crustal and
mantle-derived materials.

AIGUILLES-ROUGES SUBVOLCANIC DYKES

Chemical data for the Aiguilles-Rouges subvolcanic

rocks are reported in Brändlein (1991),
Leresche (1992) and Brändlein et al. (1994). A
first group of volcanic dykes outcrops in the
Salanfe (red rhyolites, e.g. sample BR1466) and

Collonges areas and is characterized by 70.8 to
73.5% of SiO: and > 5% of K20. They plot into
the rhyolite field of the TAS diagram (Fig. 9). A
second group of dvkes is distinctly less acidic with
62.8 to 67.5% of Si02 and 3-4.4% of K20 and

they are classified as dacites (Fig. 9; gray rhyolites.
Col des Montets area). All rocks are strongly per-
aluminous (A/CNK > 1.4).

The rhyolites have a chemical composition
typical of evolved acidic rocks, with rather low Ca

and Sr contents (0.55-1.1% and 34-116 ppm,
respectively), high Rb contents (250-400 ppm) (Fig.
12) and marked negative Eu anomalies (Fig. 11

They are very similar to the evolved facies of the
Val lord ne granite (Brändlein et al.. 1994) and

probably derive from the latter. The dacites have

trace element characteristics of rocks less evolved
than the mafic facies of the Vallorcine granite
(Brändlein et al., 1994; e.g. >2.3% CaO. > 220

ppm Sr. < 230 ppm Rb, 450-1000 ppm Ba).

MONT-BLANC RHYOLITES

Chemical data for the Mont-Blanc rhyolites are
those of Marro (1986) and Bussy (1991). Their
silica content ranges between 69 and 75% Si02
and they all plot in the rhyolite field of the TAS
diagram (Fig. 9). These rocks are slightly peralu-
minous (A/CNK around 1.05) and high in total
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Fig. II Rare Earth Elements patterns for the Salvan-
Dorénaz (SD) volcanic and volcanigenic deposits and
for Aiguilles-Rouges (AR) and Mont-Blanc (MB) sub-
volcanic dykes. Data reported in tabic 3. Normalizing
values for chondrites after Wakita et al. (1971

alkalis (Fig. 9). Their overall major element (Tab.
2) and REE (Tab. 3 and Fig. 11 composition is in
keeping with the chemical evolutionary trend of
the neighboring Mont-Blanc granitic rocks (Mar-
ro, 1987), except for slightly lower K20 contents
(3.9-4.5%) relative to their differentiation index.
On the other hand, there are differences for some
trace elements (Fig. 12), such as Sr (higher in the
rhyolites, 130-250 ppm). Rb (lower at 160-190
ppm) and Ba. which is much higher in the rhyolites

(760-1060 ppm) than in the granites (480—
600 ppm). Post-emplacement hydrothermal fluid
circulation along the rhyolitic dykes might be
partly responsible for the contrasting concentrations

in mobile elements, although the higher Ba
values might indicate different magma sources.

Discussion

According to the geochronological time scale for
the Late Palaeozoic of continental Western
Europe (Menning, 1995), age determinations on
volcanic and volcanigenic layers from the Salvan-
Dorénaz basin indicate only Late Carboniferous
ages for the synsedimentary volcanic activitv. In

O MR2809 (MB) T CN 125 (SD)

—A— FB 803 (MB) O CN 118 (SDl

-o- BR 1466 (AR) • CN 140 (SD)

-O- CN 121 (SD) o CN 113 (SD)

o CN 122 (SD)

Fig. 12 Trace elements concentration for the Salvan-
Dorénaz (SD) volcanic and volcanigenic deposits and
for Aiguilles-Rouges (AR) and Mont-Blanc (MB) sub-
volcanic dykes. Data reported in tables 2 and 3. Normalizing

values for Upper Crust alter (Taylor and
Mc Lennan, 1981). See text for discussion.

this continental basin the lower limit for clastic
deposition is set by dacitic subaerial flows
outcropping along its northwestern base (Fig. 3) and
emplaced at around 308 ± 3 Ma (Fig. 6). The
youngest sediments outcropping in its northern
areas are about 295 Ma old, as determined on a
tuff layer (Fig. 6) located -200 m below the angular

unconformity with the shallow marine Triassic
deposits (Fig. 3). Therefore, no volumetrically
important Permian sediments are currently
preserved within the Salvan-Dorénaz basin.

The dacitic flows outcropping at the base of
the Salvan-Dorénaz erupted along the western
faulted margin of the subsiding though, possibly
as lava domes, as commonly observed in other
Late Palaeozoic sedimentary basins (e.g. Seui
basin. Sardinia, Cortesogno et al„ 1998; Collio
basin, Southern Alps. Breitkreuz et al.. 1999). The
western border fault of the Salvan-Dorénaz
trough is considered a major tectonic structure
presenting similar orientation to the neighboring
Vallorcine granite and to several subvolcanic
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dykes. Furthermore, the Vallorcine granite and

the nearby Aiguilles-Rouges subvolcanic dykes
are considered cogenetic on the base of their field
relations, geochemistry (Brändlein et al., 1994)
and zircon typology (Fig. 5). Considering the age
and geochemical characters of the dacitic flows,

we interpret them as the surface equivalent of the
subvolcanic dacitic dykes outcropping in the
surrounding Aiguilles-Rouges basement. As the

strongly negative initial eNd value (-7.14)
indicates. these peraluminous dacitic melts most likely

derive from erustal sources, as the coeval
Vallorcine granitic magmas (Brändlein et al.,
1994), but they could represent distinct batches

generated at slightly higher partial fusion rates.
Mells were possibly collected directly from the

magma production zones, which would account
lor the low differentiation index of the erupted
material.

The ignimbritic pebbles from the lower levels
of the Salvan-Dorénaz sedimentary record have

no equivalent lithologies in the surrounding
basement. They represent the only evidence of
ignimbritic volcanism in the Aiguilles-Rouges massif.

Although undated, their undeformed textures
suggest Late Carboniferous eruption ages.

Considering the tuffs and volcaniclastic layers
sampled in the upper levels of the Salvan-
Dorénaz basin, their ages, zircon typology and

some of their eNd values are in sharp contrast
with all the previously discussed volcanic rocks.
These features together with their very fine
textures point to distant eruptive centers and to
contrasted magma sources. The few positive eNd values

measured (< 1.02) might confirm a prominent
mantellic source, although coexisting negative
values as low as -6 cast doubt on the reliability of
the data as genetic tracers. Additional data are
needed to evaluate if these contrasting values are
original (i.e. evidencing blending of erustal and
mantellic materials) or linked to subsequent
sedimentary processes (e.g. mixing with erustal
sediments, alteration). High A index zircons are
typically found in late- to post-orogenic alkaline
granitoids (e.g. the 303 Ma Mont-Blanc granite, Bijssy,
1990). Despite similar zircon typologies (Fig. 5).
the Mont-Blanc magmatism (granite and rhvo-
lites) is too old to be the source of these tuff
layers. Alkali-calcic to alkaline magmas with
similar zircon typology and REE concentrations

are known from adjacent areas, like in the
Aar and Gotthard External Crystalline massifs

(Schaltegger and Corfu, 1992; Bonin et al..

1995).There, plutonic and volcanic rocks (breccia,
ignimbrites and lapilli tuffs) have been dated
between 300 and 298 ± 2 Ma (Schaltegger and

Corfu, 1992; 1995). Similar tuff layers occurring

in a different Permocarboniferous trough in
northern Switzerland (Weiach drill site) located
100 km north of the Aar massif have been already
linked to this magmatie activity (Schaltegger,
1997a). The Salvan-Dorénaz tuffs could as well
derive from the same magmatie center, or alternatively

from similar ones located in the same
distance range around the Aiguilles-Rouges massif.

Within the Mont-Blanc massif, the rhyolitic
dykes and the adjacent granite intrusion have an

indisputable genetic link, as pointed out by
whole-rock chemistry and zircon typology. Deep
erustal and mantellic magma sources are inferred
(Bussy, 1990). On the other hand, the time
relationships between intrusive and subvolcanic
magmatism are much less clear. According to Burri
and Marro (1993), there is a primary igneous
contact between rhyolitic dykes and the marginal
facies of the Mont-Blanc granite. As rock textures
suggest shallower injection levels for the rhyolites
than for the coarse-grained granite, a younger
intrusion age was inferred for the rhyolites in a context

of tectonic exhumation. On the other hand,
the dated rhyolite sample (307 ± 2 Ma. Fig. 6.

FB947) is older than, or just contemporaneous to
the 303 ± 2 Ma Mont-Blanc granite within
uncertainties. Considering the perfectly euhedral shape
of the rhyolite zircons and the large number of
grains analyzed, it is unlikely that we dated an
inherited zircon population, but rather the time of
zircon growth within the rhyolitic melt, which
should not be significantly different from the
intrusion age. If true, the rhyolite dyke swarm must
have been brought into contact with the granite
through tectonic movements at time of granite
intrusion or subsequently.

All dated samples contain inherited zircon
populations about 350, 450 or 600 Ma old.
incorporated into the volcanic material either in the
production zone of the magmas, or during their
ascent and/or their final emplacement. A
sedimentary input is also possible for the tuff and
volcaniclastic layers. Ages of 600 and 450 Ma are well
represented in the External Crystalline massifs.

Gondwana-derived Pan-African zircons (ca. 600

Ma) are commonly found as inherited grains in
Variscan granites and paragneisses, whereas 440-
460 Ma old orthogneisses are present in all
basement units of the Alps (e.g. Bussy and von Raumer.

1993; Schaltegger and Corfu, 1992;

Schaltegger, 1994; Gebauer. 1993; Bertrand
et al.,2000).The 350 Ma old zircons are more
puzzling, as no magmatie rock of that age has been

presently identified in the Aiguilles-Rouges and
Mont-Blanc areas. Possibly, they might derive
from tonalitic melts formed during decompression

and uplift of the eclogitic units at the south-
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ern end of the Aiguilles-Rouges massif (von
Räumer et al., 1996).

The volcaniclastic sandstone (sample CN140)
highlights the difficulty of interpreting zircon ages
in acidic volcanic deposits. These quenched magmas

do not have time to crystallize significant
amounts of zircons, whereas they host many
inherited grains, which are not always resorbed. As
a consequence, euhedral crystals from an inherited

population can easily be selected for U-Pb
analysis and produce a coherent set of data that
can be erroneously interpreted as the magmatic
age of the rock. In the absence of other strati-
graphical indicators and/or of fossils in adjacent
sedimentary rocks, this Late Carboniferous layer
would have been interpreted as a Silurian deposit.
This problem must be kept in mind when dating
volcanic rocks in metamorphic environments.

Geotectonic implications

The post-collisional evolution of the thickened
Variscan crust in the Aiguilles-Rouges area is
characterized by fast exhumation in a transcur-
rent tectonic regime along subvertical N-S to
NNE-SSW fault zones. Decompression melting
occurred at 320 Ma (Bussy et al„ 2000) at a pressure

of about 4 kbar (ca. 12 km) in a ductile dex-
tral shear regime (Schulz and von Raumer,
1993). At 307 Ma, these lithologies were syntec-
tonically intruded along similar NNE-SSW fracture

zones by the Vallorcine granite. The
finegrained fabric of its upper facies and the devitri-
fied subvolcanic textures of its associated dykes
point to shallow-level intrusion, possibly less than
2-3 km, which therefore would set the exhumation

rate for basement units at an order of magnitude

of 1 mm/a. Subsequent deformation
occurred when the rocks were increasingly colder,
to end up with subvertical low-T mylonitic foliation

and C-S structures.
At about the time of the Vallorcine granite

emplacement (308 Ma) started the tectonic
subsidence of the Salvan-Dorénaz trough, sliding
along a major fault with a similar direction to that
along which intruded the Vallorcine granite.
High-grade metamorphic rocks and Late Variscan

granitoids were eroded from adjacent heights
and accumulated as clastic sediments within the
basin (Capuzzc >. unpub. data).The coherent time
frame achieved for the basin formation and filling
through isotopic age determination is a pre-requi-
site for modeling sedimentation and subsidence
rates within the basin. A short time span of 10-15
Ma is suggested for the sedimentary evolution of
the Salvan-Dorénaz basin, thus inferring a con¬

servative estimation of long term, average subsidence

rates in the order of magnitude of 0.1 mm/a.
This value has to be considered as the very
minimum, since it was determined from the maximum
time span of 15 Ma for the basin evolution and
from a conservative estimation of 1500 m thick
for its sedimentary record. Nevertheless, it is in
agreement with other available data for Permo-
Carboniferous basins in the Alps (e.g. Schalteg-
ger and Brack, 1999), and denote high average
subsidence rates typical in tectonically controlled
continental basins (Nilsen and Sylvester, 1995).

The sedimentary record in the Salvan-
Dorénaz basin stops at 295 +3/—4 Ma. Younger
deposits either never existed or were eroded during
a phase of tectonic inversion, possibly induced by
Permian transpressive movements along the
marginal faults of the trough, as also suggested by the
regional erosional unconformity that separate the
Late Carboniferous sediments from the overlying
Triassic shallow marine deposits.

Tire undeformed red rhyolite dykes of the
Aiguilles-Rouges massif (BR 1466) sets the final
age for ductile deformation in this massif at 294
Ma (more probably around 300 Ma). Unfortunately

the accuracy of this data does not allow any
further precision.

Conclusions

The Late Variscan tectono-magmatic evolution in
the Aiguilles-Rouges and Mont-Blanc massifs is
governed by post-collisional processes that
restored the thickened continental lithosphère to
normal size. Basement units experienced fast
tectonic exhumations (ca. 1 mm/a) in a transtension-
al tectonic regime, while localized areas underwent

rapid tectonic subsidence and were filled
with thick continental sediments. In these two
massifs intense magmatic activity occurred
around 307 Ma at different crustal to subvolcanic
levels, while coeval subaerial volcanism is today
preserved only along the western base of the
Salvan-Dorénaz basin. Intrusion and extrusion of
melts was strongly controlled by wrench tecton-
ism occurring along major N-S to NNE-SSW
fracture zones. Geochemistry and zircon typology
of melts indicate contrasting origin: a common
anatectic peraluminous source for the Salvan-
Dorénaz basal volcanism, the Vallorcine granite
and the Aiguilles-Rouges subvolcanic dykes; a
mixing of mantellic melts with crustal sources for
the Mont-Blanc granite and for the Mont-Blanc
rhyolites.

Subsequent volcanic activity, occurring at 295
+3/—4 Ma, is documented by tuff layers occurring
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only within the Salvan-Dorénaz continental
basin. Field features suggest origin from highly
explosive and distant volcanic centers, and zircon
typology is in keeping with the general tendency of
the Late Variscan volcanism to evolve toward
increased alkalinity with stronger mantellic
contribution. They might come from coeval, explosive
volcanism located in the Aar-Gotthard massif.

In the Salvan-Dorénaz basin, age determinations

of synsedimentary volcanic deposits indicate

only Late Carboniferous volcanic activity
(308-295 Ma), therefore no significant Permian
deposits are preserved within its stratigraphie
record. The calculated long term, minimum
subsidence rates during basin evolution are in the
order of magnitude of > 0.1 nrm/a.
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Annex 1 Short description and location of the investigated

samples.

Samples Macroscopic description Coordinates*

CN 125 subaerial basal flow (SD) 570065/113798

CN 252/b rhyolitic pebble (SD) 564430/101180

CN 252/d rhyolitic pebble (SD) 564430/101180

CN 118 tuff layer (SD) 573222/114295

CN 121 tuff layer (SD) 573895/113252

CN 122 tuff layer (SD) 573895/113252

CN 256 tuff layer (SD) 564465/100895

CN 256a tuff layer (SD) 564465/100895

CN 257 tuff layer (SD) 564440/100405

CN 257a tuff layer (SD) 564440/100405

CN 108 Volcaniclastic layer (SD) 572485/112500

CN 113 Volcaniclastic layer (SD) 572935/112038

CN 140 Volcaniclastic layer (SD) 572590/114300

FB 947 MB rhyoli te 572000/085300

MR2809 MB rhyolite 574495/102915

BRI 466 AR rhyolite 563575/108660

FB 803 MB granite 569175/095665

" Coordinates refer to 1:25'000 Swiss National topographic maps.
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