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Lithostratigraphy and geochemical composition of the Mt. Pourri
volcanic basement, Middle Penninic W-Alpine zone, France

by François Guillot1, Jacqueline Desmons2 and Alain Ploquin2

Abstract

The Mt Pourri (or Northern Vanoise) massif belongs to the Bnançon zone, an internal and metamorphic part of the
Alpine belt The pre-Permian, kilometer-thick sequence is composed of bimodal metavolcamtes overlain by
carbonaceous black schists containing mafic sills The bimodal metavolcamtes consist of green, layered mafic tuffs,
white felsic granophyres and tuffs, some possibly derived from ignimbrites, and porphyntic metabasalts of tholentic
composition The abundance of quartz in the felsic rocks points to some degree of alteration, especially in the
uppermost bimodal layers The REE-profiles are flat, and the chemical compositions indicate an extensional
tectonic setting of either within-plate or ocean floor character In the black schists a felsic-sodic, volcanic-derived
component prevails Towards the top of the bimodal sequence a subvolcamc porphyroblastic granophyre body,
dated by the U-Pb method on zircon as Late Cambrian, allows to propose ages for the whole series Cambrian
(bimodal volcamsm), Ordovician-Silurian Dmantian) (black schist deposition) and Ordovician to Devonian

7 Dmantian) (sill intrusion)
Similarities are discussed with coeval sequences m the Western and Eastern Alps, and in Variscan Europe

(Provence, Vosges) where Variscan metamorphism was much stronger No Variscan metamorphic imprint is
identifiable in the Bnançon zone, thus it could have been accreted to the European plate after the Variscan events

Keywords Paleovolcamsm, granophyre, geochemistry, Variscan, Briançon zone, Western Alps

Résumé

Le massif de Vanoise septentrionale, ou du Mont Pourri, appartient a la zone bnançonnaise, un ensemble d'unités
alpines où les metamorphismes alpins ont affecté tous les termes jusqu'au Cenozoïque La série anté-permienne du
Mont Pourri debute par des roches volcaniques bimodales (acides-basiques), d'epaisseur kilométrique, surmontées
de schistes noirs, eux-mêmes contenant des sills basiques Dans la sene bimodale les metabasites du Mont Pourri
ont des compositions de tholéutes anorogeniques Les faciès hypovolcamques acides, à reliques de textures rhyoli-
tiques et granophynques, ont conservé une composition de grämte de zone anorogemque, alors que les roches
acides d'epanchement sont fortement modifiées chimiquement, avec notamment une richesse anormale en silice des
dernieres assises méta-igmmbritiques Ces modifications, comme la spilitisation des roches basiques, relèvent sans
doute d'une alteration hydrothermale précoce

Le granophyre du Mont Pourri, situe lui aussi vers le sommet des assises bimodales, a fourni un âge isotopique
de cristallisation magmatique proche de la limite Cambnen-Ordovicien La moitié inférieure de la série, à magma-
tisme bimodal, pourrait dater du Cambnen au moms, la moitié supérieure, à schistes noirs et sills, pouvant
représenter l'Ordovicien et/ou le Silurien, ou même le Devono-Dmantien

Des rapprochements lithologiques sont évoqués avec des series de même âge des Alpes occidentales et orientales

et quelques-unes de l'Europe vansque ou le métamorphisme varisque a ete fort II n'existe pas de trace
identifiable de métamorphique varisque dans la zone bnançonnaise, qui pourrait donc ne s être accolee à la plaque
européenne qu après les evenements vansques

1 Université des Sciences et Technologies de Lille, Laboratoire de Dynamique Sedimentaire et Structurale,
Sciences de la Terre, F-59655 Villeneuve d'Ascq Cedex, France

2 Centre de Recherches Petrographiques et Geochimiques -CNRS, BP 20, F-54501 Vandœuvre-lès-Nancy
Cedex, France
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Introduction

In the Northern Vanoise, an internal, metamor-
phic, area of the Alpine orogen (Fig. 1), we
describe the lithostratigraphy of the pre-Alpine
basement. The Mt. Pourri massif constitutes a

part of the basement of the zone Vanoise-
Mt. Pourri, alternatively called zone Vanoise-
Ambin or zone Briançonnaise interne in France,
or Zona Interna in Italy. Overlain by Permian
grits and including carbonaceous black schists
(thus resembling Upper Carboniferous coal
measures), the Mt. Pourri series was thought to
be Permo-Carboniferous in age (Ellenberger,
1958; Fabre, 1961; Peruccio-Parison, 1984;
Guillot and Raoult, 1984) despite a few
contrasting opinions based on the essential lithologi-
cal differences with the zone Houillère series
(Gignoux, 1929; Bocquet [Desmons], 1974 a, b;
Guillot, 1987). The Permo-Carboniferous age
attribution has been invalidated by a 507 ± 9 Ma

U-Pb zircon dating of a granophyre body in the
Mt. Pourri (Guillot et al., 1991). This Late
Cambrian age (after Harland et al., 1990) confirms
recent assumptions (Desmons and Fabre, 1988;
Desmons and Ploquin, 1989; Desmons, 1992)
regarding the presence of lower Paleozoic and older
basements in the Penninic zone.

The Mt Pourri sequence is presented below
together with improved analytical data, especially
REE data. The case of the only dated rock, i.e. the
Mt. Pourri granophyre, at first supposed to be
intrusive (Guillot et al., 1991) but which is probably

hypovolcanic, is thoroughly discussed.
The geochemistry has been investigated by

156 major elements analyses (Ellenberger, 1958;
Peruccio-Parison, 1984; Abouchami, 1986;
Guillot, 1987; this paper). In table 1 we give only
representative analyses selected following the
criteria of Pearce (1983a). Detailed analytical
results are available through C.R.P.G. (Artemtse
data bank). According to geochemical studies

Fig. 1 Pre-Mesozoic exposures in western Europe. Insert shows, from W to E, three groups of crystalline basement
units in the Alps: (1) External crystalline massifs, with mainly Variscan metamorphic imprints; (2) Penninic (in the
Briançon zone, striped area) with no apparent Variscan metamorphism for some of them; (3) Internal Penninic
massifs.
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performed on the Permian (Ainardi, 1976) and
Meso-Cainozoic (Broudoux et al., 1984)
sequences from the same Vanoise-Mt. Pourri zone,
a chemical characterization of the stratigraphie
units is possible. Their whole-rock chemical
features have been preserved, apparently not too
altered by the Alpine metamorphism.

Situated in the upper Isère valley, the
Mt. Pourri is the highest peak (Fig. 2) of Northern

Vanoise. The massif is a stack of NW-verging
tectonic sheets, many of them with inverted limbs.
The rocks have been severely folded and schisti-
fied, thus, the reported thicknesses (Fig. 3) tend
to be inaccurate. It is nowhere easy to separate

Alpine mechanical contacts from the stratigraphie
ones, or Alpine foliation(s) from any previous
planar structure(s). For the purposes of this
paper, only the major faults and thrusts are mapped
(Fig. 2). More detailed structural accounts are
available in Debelmas et al. (1989), and in
Debelmas and Caby (1991).

Lithostratigraphy

The outcrops rarely give clear evidence concerning
the mode of emplacement of the rocks, the

igneous origin of which is often better supported

Fig. 2 Geological map of the Mt. Pourri (or Northern Vanoise) massif and its surroundings. Insert presents a
tentative section at the onset of the main Alpine thrust events. Key to symbols of rock types: £: (Precambrian
Sapey-Peisey gneisses - h: Upper Carboniferous coal measures - r: (Permo-Triassic New Red Sandstones
variegated sericite grits, sandstones - t-e: Triassic to Cainozoic cover rocks - S.L.: allochthonous, Jurassic to
(Upper) Cretaceous "Schistes lustrés". Abbreviations used in figures 2 to 8 and table 1: £, e, q1; t), q2, sN: see text and
figure 3.
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r, t-e covers
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Fig. 3 Lithostratigraphic column of the Mt. Pourri
sequence. After Guillot (1987). Facies symbols (details:
see text): d, garnet micaschist; e, layered mafic tuff; q„
layered felsic tuff, lower cluster; q, felsic stock; r|, lacco-
lithic metabasalt; a, plagiogranite stock; q2, layered felsic
tuff, upper cluster; sN, black schists; b, light-coloured
mafic stock; tr, mafic sills.

by their whole rock chemistry than by what
remains of their primitive structure. Evidence from
field mapping show that the Mt. Pourri formations

are layered, and that similar kilometer-thick
sequences are found without major changes along
several sections. A lithostratigraphic column has
been reconstructed (Fig. 3), modified slightly
after Guillot (1987).

Garnet-micaschists (d in Figs 2-3; E6°50'-
N45°32', «cascade de la Gurraz») are regarded as
a remnant of an older basement sequence on the
basis of their higher-grade metamorphic associations.

The overlying lower Paleozoic series is
several kilometers thick, with a lower half of green-
and-white banded metavolcanites and an upper
half of hlack schists containing mafic sills (Figs 2-
3). No sedimentological or paleontological evi¬

dence supporting this bulk polarity has been
reported. However, the Permian sericite grits do
overlay the lower Paleozoic sequence unconform-
ably through a depositional contact (Guillot and
Raoult, 1984) and the most commonly overlain
rocks are the black schists (Fig. 2). We thus think,
from this field evidence, that the black schists are
stratigraphically higher, and younger, than the
green-and-white banded metavolcanics. In the
following paragraphs we subdivide the rocks into
three types in order to emphasize the variations
within each: mafic rocks, leucocratic felsites, and
black schists.

Mafic rocks

- Layered tuffs. The lower half of the Mt.
Pourri sequence is composed of banded alternations

of green rocks (e in Fig. 3) and subordinate
white felsic tuffs (q, q,, q2 A frequent millimet-
ric layer-parallel foliation commonly resembles
an ignimbritic welded structure. Along many mafic

bands, distinctive pistacite nodules, up to 1 cm
in diameter, have a roughly concentric-radial
structure, and could represent the early post-mag-
matic infillings of vesicles in shallow eruptive
basalts (Fisher, 1984).

- Laccolithic metabasalt. The 50 to 200 m-
thick, light blue-green, massive t) formation has a

porphyritic texture owing to dark actinolite phe-
noclasts 1 to 5 mm in size, some of which represent

previous clinopyroxene-replacing
hornblende (samples from «la Saulire», E6°46'-
N45°27'; Ellenberger, 1958). Because of its
thickness and massiveness, r| might have been
emplaced partly as a laccolithic basalt. This rock
type has been encountered in several sections,
always approximately at the same level of the
general log (Fig. 3), near to, and under, the
uppermost quartzitic layers (q2, in Fig. 3). One
occurrence (E6°45'-N45°31', «Pointe de Friolin»),
although massive, contains pods of a leucocratic
albite-quartz rock (a on Fig. 3 and Tab. 1). Since
the t] metabasalt has a well-defined lithostrati-
graphical position, it should represent one eruptive

phase, during which thick basaltic lava bodies
were interbedded with, or intruded into, coeval
tuffs, ashes and sediments.

- Sills. In the upper black schists, the metaba-
sites form up to 5 m-thick dark green massive
beds (a), representing either sheet-like intrusions,
dykes or more probably sills, as suggested by their
local parallelism, by their symmetrical contacts
with the host schists and by the absence of eruptive

structures such as breccias, vesicles, pillows or
laminae. Although pale green metapelite-like lay-
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Fig. 4 Mafic rock geochemistry. Key to symbols of rock types: see text and figure 3. a: Ti vs Mg/[Fe + Mg] plot
(Guillot et al., 1986) - mat/lOOg: Kb1 atom-grams per 100 g rock - CAB: trend of the Vourinos (Greece) calk-
alkaline basalts - Th: trend of the Thingmulli tholeiites (Iceland) - T I / T II: statistical boundary between Ti-rich
type I, and Ti-poor type II, tholeiitic basalts, b: after Mullen (1983) - OIB, MORB, CAB-IAT: respectively ocean-
islands basalts, mid-oceanic ridge basalts, and calk-alkaline basalts - island arc tholeiites. c: trace element contents
normalized to MORB (Pearce, 1983b). d: REE contents normalized to chondrite (Evensen et al., 1978).

ers might represent a sort of transition towards
the black schists, they show no chemical difference

from the black schists. Thus, there is a

compositional gap between the sills and their host
rocks (e.g., see their respective 47.5 ± 2.2% and
64.7 ± 4.8% average Si02 contents).

- Light-coloured mafic rocks. In the black
schists, a large body of light-coloured basic rock
(b in Figs) outcrops in only one place (E6°49'30"-
N45°29'; "val de Genêt"). Its geochemical composition

is quite distinctive (Tab. 1 and Fig. 4), with a
probable plagioclase-cumulate trend.

MINERAL COMPOSITION

Thin sections of the mafic rocks show green actin-
olite, often rimmed by sodic blue amphibole,
chlorite, epidote, albite, quartz, leucoxene-
rimmed ilmenite, and subordinate carbonate,
pyrite, iron oxide and apatite. Typically, rounded
pistacite phenoclasts have been found in the well-
layered mafic rocks (e). Green to blue-green ac-
tinolite phenocrysts in a saussuritized plagioclase
matrix are typical of the mesocratic laccolithic
metabasalt (t|). Skeletal leucoxene-ilmenite to-
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Tab 2 Mafic rocks statistical relationships between Ti-content and atomic Mg/[Fe + Mg] ratio The corresponding
data points are plotted m figure 4a Symbols of rock types see figure 3 and text

mafic number average computed correlation coefficient
rock of Ti02-content intercept with of Ti02 and
type analyses ± st dev Mg/[Fe + Mg] axis Mg/[Fe + Mg]

(Fig 4a)

CT 31 2 30 ± 0 66% 74% +7-5 -80
b 9 0 52 ± 0 33% 75% +3-2 -74
•n 25 1 60 ± 0 94% 74% + 18 -10 -.58
e 17 1 65 ± 0 52% 73% + 27 -14 -44

gether with Fe-rich actinohte are especially abundant

in the sills within the black schists (a). The
light-coloured mafic formation (b) is comprised
of colourless actinohte withm an albite matrix
clouded by very fine-grained pale epidote.

GEOCHEMISTRY

Some of the analyses are of layered mafics of the
lower section (e), which we consider to be pyro-
clastites, perhaps redeposited. This mode of
emplacement may have altered the magmatic
geochemistry to an extent which remains difficult to
estimate. Such alterations are thought to be partly
responsible for the random scattering of the data
points m the diagrams (Fig. 4). If we consider only
rocks, such as p and cr, which were undisputedly
undissociated massive lavas, the grouping of their
representative points is much better: both give a

tholeiite-like alignment in AFM, and m Mg/(Fe +
Mg) versus Ti plots (Fig. 4a).

- Major and trace element data. The massive
metabasaltic laccolith ti is lighter coloured than
the mtra-blackschists sills cr, a fact reflected in its
lower Ti and Fe and higher Al and Si contents
(Tab. 1) On figure 4a where the differences in
Ti-contents are emphasized, comparable maximal
(initial Mg/[Fe + Mg] ratios can be roughly
estimated for each lineage, by statistically extrapolating

each alignment to the intercept with the
Mg/[Fe + Mg] axis. As indicated by the growing
precision of these extrapolations (Tab. 2), the
random dispersion of the representative points
decreases from e to a.

The compositional differences, because of
their stratigraphie character, suggest an evolution
of the tectonic setting (even though this setting
still has to be specified) and/or of the mode of
emplacement of the magmas and/or of the
amount of late-magmatic alteration. A back-arc
basin setting could be envisaged for the first
magmatic events, whereas the late sills plot nearer to

anorogemc, withm-plate or ocean floor basalts.
On the Ti versus V diagram (Shervais, 1982; not
shown), or on the Mn0/Ti02/P205 ternary plot
(Fig 4b), the diagnosis is similar, with the suggestion

that a could be ocean island basalts. The
spider-diagram (Fig. 4c) drawn according to Pearce
(1983b) indicates high values of Th and Ba, which
this author considers as "the most distinctive
features in patterns exhibited by contaminated
basalts". But among the patterns given m figure 4c,
the variations in K, Rb, Ba and Th contents could
also be related to some kind of late- to post-
magmatic mobility.

- REE data. The REE contents of representative
mafic samples (Tab. 1) are 16 to 39 times the

chondnte content in samples from the bimodal
sequence (e, q), and 36 to 60 times in the sills (cr).
La/Yb ranges from 1.5 to 3.3. The light REE content

grows together with the (Fe,Ti)-ennchment,
which may reflect a growing differentiation. The
REE-richest rock is a biotite lamprophyre,
included into the Mt. Pourri granophyre (see that
section). The REE patterns are flat, with no
marked Eu-anomaly (Fig. 4d) These characters
are again consistent with P-MORB or within-
plate basalt affinities, and they at least preclude
any orogenic tectonic setting.

Felsic rocks

The felsic rocks constitute either layers: q2, q2, or
massive pods: a, q, granophyre (Fig. 3). Both
types are located in the lower half of the series,
interbedded with, or included into mafic units.
Their Si02-content ranges from 62% (a) through
75% (granophyre, q, and some q2 samples) to
90-92% (other q1; and q2). Because of such large
variations, and under the hypothesis that all the
felsic rocks derived from similar rhyolitic or
granitic magmas, some kind of late- or post-mag-
matic alteration has to be advocated. Our main
concerns are: (1) to describe and explain the wide
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compositional range, (2) to ensure that the
tectonic setting indicated by the geochemical characters

is in reasonable agreement with the ocean- or
within-plate tectonic settings deduced from the
coeval mafic rock geochemistry Since the grano-
phyre seems to be the least altered felsic rock, its
composition has been used as a basis of comparison,

with respect to the tracing of tectonic settings
as well as the quantification of alteration
processes

The a leucocratic albite-quartz rock (Tab 1,

Fig. 3) has already been investigated by Ellen-
berger (1958) and Guillot (1987). This albite-
nch, K20-poor rock, with albite-quartz mter-
growths, resembles a plagiogranite as defined by
Coleman and Donato (1979), and could represent

a local, sodic differentiation of the r| lacco-
lithic basalt. Such rocks have often been found in
shallow levels of ophiohtic complexes, associated
with extrusive keratophyre (Coleman and
Donato, 1979)

PETROLOGY

- The Mt Pourri granophyre Only one gran-
ophyre occurrence is known in the area (E6°51'-
N45°34 5'), although similar rocks are present
further NE in the zona interna (val de Rhêmes
Elter and coll., 1983, Debelmas and Caby, 1991)
It deserves to be described in more detail, owing
to the significance of its 507 ± 9 Ma age (Guillot
et al., 1991). With respect to the age of the series,
the main question is to know whether the granophyre

was emplaced as a late intrusion or crystallized

at the same time as the host rocks Previous
authors (Ellenberger, 1958, Caby, 1974,
Marion, 1984) suggested it was a plutomc, granite-
type mass Owing to its more massive and harder
nature than many other rock types of the Mt
Pourri, its igneous texture has been better
preserved from Alpine deformation. After Bocquet
[Desmons] (1974a) we believe that the granophyre

derived from a subvolcamc body rather
than from a pluton sensu stricto, because it is
crudely layered and it grades continuously
upwards (Fig 5) into layers of banded felsic and
mafic rocks analogous to the bimodal volcanic
levels (mafic e, and felsic q, or q2 tuffs). Some
granophyric samples show centimetric layers
made of contiguous nodular feldspathic warts.
Such textures could indicate a pervasive late-
magmatic, syn-welding recrystalhzation of the
feldspars through alkali-rich fluids m a still highly
porous rock. This process appears to be the major
cause of the myrmekite growth.

The granophyre has been studied using
cathodoluminescence microscopy coupled with

100 m

o : mafic sills
s H : black schists

q 2 : felsic tuff
carbonate
e : mafic tuffs

granophyre

lamprophyre

Fig 5 Mt Pourri granophyre field section showing an
upward transition to (sN) black schists containing (cr)
mafic sills Key to symbols see text and figure 3 The
lamprophyre contains more than 60% of fine-grained
green biotite, together with abundant apatite The middle

banded complex (q2, e) includes thin carbonate
seams or layers, while some (e) mafic bands are made of
deep-blue amphibole needles m a coarse-grained pista-
cite matrix

microprobe analyses The K-feldspar and quartz
myrmekite forms additional rims or warts, around
composite albite + K-feldspar porphyroblasts, but
also isolated flakes m the matrix. Such myrmekit-
ic textures may indicate devitrification processes
under pneumatolytic conditions (Bailey et al,
1924), or late replacement of alkali feldspar by
quartz (Hopson and Ramseyer, 1990, Collins,
1990). In any case, they result from late-magmatic
processes rather than a metamorphic event The
crystallization order appears to be the following.
(1) albitic core (dark, velvet-like red in CL;
high-T albite 9) (2) K-feldspar rim (ochre yellow
in cathodoluminescence microscopy) (3) myrme-
kitic rim and matrix (quartz + albite + K-feldspar
resp dark viohne, dark red and greyish-white in
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cathodoluminescence microscopy). Besides the
predominant quartz and feldspars, the rock is

spotted by flakes of green biotite, white mica and
chlorite.

Several zircons have been found in each thin
section, which is exceptional in Mt. Pourri rocks.
They yielded a U-Pb zircon age of 507 ± 9 Ma
(Guillot et al., 1991). The autochthonous nature
of the zircons is supported by their morphology
(high-temperature and high-agpaicity morphological

types after Pupin, 1980). The proportion of
extractable zircon is less than 1 mg per kg, i.e. less
than 1 ppm. According to experimental studies by
Watson (1979), such a proportion is less than the
present (Na + K)/A1 molar ratio (90 ± 2%) and
the zirconium content of the whole rock (277 ± 7
ppm) suggest. This could result either from the
loss of a certain amount (10%?) of alkalis after
the emplacement of the magma, or from the
preferential distribution of molecular zircon in very
small, unextractable crystals, or from a combination

of both factors. Both are in favour of a
granitic melt not far from peralkaline composition
(where zircon crystals would be absent), and this
could also explain the paucity and/or small size of
the zircon crystals in the felsic rocks of the Mt.
Pourri basement sequence.

- Lamprophyre. Within the granophyre, the
only mafic occurrences are 10 to 50 cm-thick
finegrained dark green seams containing up to 50% of
green titaniferous biotite (up to 1.5% of Ti02),
with albite, phengite, chlorite, and apatite. This
rock deserves the name of metaminette, a kind of
metalamprophyre (Oberhansli et al., 1991; Rock,
1991). According to the flat REE spectrum
(Fig. 6), this Mt. Pourri lamprophyre could be a

rare example of a non calk-alkaline, maybe ocean
island or within-plate tholeiitic, lamprophyre. In
any case, its REE pattern is closely similar to the
patterns of the granophyre and to the patterns of
the Mt. Pourri mafic rocks (compare Fig. 6 with
Fig. 4d), but dramatically differs from calc-alka-
line lamprophyre REE patterns (Fig. 6).

- Other felsic rocks. White, thinly foliated,
massive layers are interbedded with the mafic
rocks of the lower half of the series (Fig. 3). Their
frequence and thickness increase upward (first
cluster q,) before the abrupt disappearance of the
bimodal eruptive rocks (second cluster q2). These
layered felsic rocks seem to have been derived
from a primary rhyolite melt, because the small
stock q (E6°48'30"-N45°29'40", Fond du Plan
Richard; 100 m2) is composed of a similar rock,
except that small embayed quartz grains have
been found in thin sections. The white, layered
felsic rocks only show a very fine-grained mixture
of quartz and alkali-feldspar, with discontinuous

Fig. 6 Mt. Pourri lamprophyre: REE pattern
compared with W-Europe Variscan lamprophyres. Data
from Oberhansli et al. (1991): calk-alkaline suites from
the Vosges and from the external crystalline massifs of
the Alps. Chondrite values from Evensen et al. (1978).

laminae of pale green phengite. Zircons, much
rarer than in the granophyre but with similar size
and shape (high-temperature and high-agpaicity
morphological types after Pupin, 1980), have been
found in some thin sections.

From a comparison de visu with the Snowdon
Caradocian volcanics of N-Wales (EIowells and
Leveridge, 1980; Reedman et al., 1987), we
suppose that all the layered quartz-rich foliated rocks
have been emplaced as welded ash-flow tuffs. It is
not yet known whether they were deposited under

subaqueous or subaerial conditions, and early
sedimentary reworking cannot be excluded.
Coleman and Donato (1979) have named similar
layered, fine-grained rocks from the upper, eruptive

parts of ophiolite sequences "keratophyre".
The local presence of decimetric nodules resembles

some N-Wales tuffs (Howells and
Leveridge, 1980), but still does not allow us to relate
their genesis to definite conditions.

GEOCHEMISTRY OF THE FELSIC ROCKS

- Granophyre. The trace elements and REE
contents of the granophyre indicate a within-plate
granite or an ocean-ridge granite (Figs 6-7).
There is no reason to believe, as it has been done
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previously (Caby, 1974; Ellenberger, 1958), that
the granophyre was emplaced as a late Variscan
pluton. Moreover, the absence of tourmaline, of
well-developed muscovite and the paucity of
zircon make it quite different from the S-type late
Variscan granites (see also Fig. 6). When
compared to the other Mt. Pourri felsic rocks, the
trace elements and REE contents (Figs 6-7)
appear similar to the less altered rocks (q, and some

q, samples), with a much better compositional
grouping of the granophyre (Figs 7 a, b). Flence
the hypothesis that all the felsic rocks originated
from similar magmas is supported by both the
field evidence mentioned above (Fig. 5) and geo-
chemical data (Figs 6-7).

- Other felsic rocks. Like the granophyre, all
are very poor in Ca and P, and very rich in Si02
(Tab. 1, Fig. 8). In the lower felsic cluster (q,),
Na20 is higher than K20. The upper felsic cluster
(q^ has a lower alkali-content, but with Na20
always lower than K20. These values have been
obtained for each of the sections where the q and

q2 levels are found. Moreover, when intercalated
in q 2, mafic levels (e) have a distinctively high loss

on ignition (anal. 2126B, Tab. 1), which has to be
related to their chlorite (locally 50% in volume)
and carbonate (up to 20% in volume) abundances.

Such geochemical features of the q2 felsic level
and associated mafic rocks have proven to be
invaluable regarding their position in the lithostrati-
graphic column. Note that some carbonates are
also present in the layered bimodal complex
overlying the granophyre (Fig. 5).

The Si02-content of the layered felsic rocks
(Fig. 8b) is too high for their being an unaltered
rhyolite. By contrast, the granophyre and the
rhyolitic stock q show a moderate excess of silica,
and a fair balance between their K20 and Na20
contents. This better preservation can be related
to the fact that subvolcanic stocks did not undergo
much alteration. On the contrary, layered felsic
rocks may have suffered more transformations:
eruptive fragmentation followed by redeposition,
possibly with some kind of mechanical sorting;
syn-cooling welding of the porous rock through
fluid flow; weathering or subaqueous alteration.

Deep alterations are especially likely for the
last felsic q2 level where the changes are the most
prominent, a fact which coincides with the peculiar

stratigraphie location of this level. This felsic
episode was indeed the last eruptive stage of the
major bimodal volcanic cycle represented by the
lower half of the series. We suppose that the rate
of volcanic deposition slowed down drastically at
that time, and that surficial alteration processes
were extremely efficient, at the top of a still hot
volcanic pile. These processes could have pro-
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Fig. 7 Mt. Pourri felsic rocks: behaviour of REE and
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N-Wales tuffs: Caradocian rhyolite and tuff analyses
from Campbell et al. (1987).
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duced, in the upper felsic tuffs (q2), a thorough
leaching of the igneous feldspar, leaving only clay
remnants. This is suggested by a K/Al vs Na/AI
plot (Fig. 8a): the upper felsic tuff (q2) has the
same K/Al atomic ratio as pure muscovite or illite
(K/Al 1/3, Na 0), whereas the previous felsic
rocks (q, q,) plot closer to the albite-orthoclase
tie-line (where [K + Na] / Al 1/1). The strong
decrease of the Al-silicates/quartz ratio could be
related to some kind of silicification, after How-
ells and Leveridge (1980) and Reedman et al.
(1987). The abundances of most constituents
(Figs 7-8 and Tab. 1) strongly decrease from the
granophyre and q through q, to q2. In figure 8c, we
have computed, for every constituent X, and for
the average composition of every felsic rock type
F, the ratio:

[ X| / Xgranopj,yre ] / [ Alp / Algl;irlop|lyre ],
and ordered the constituents according to their
ratios in q,. The result suggests, rather than a
massive SiOz inflow, a dissolution of igneous
feldspars, followed by a preferential removal of Na, K
and Al through fluids, together with REE (except
Eu), Th, Y, Zr, and Nb (Fig. 7c). Fe-Ti contents
seem to have better resisted. The gains in Ca and
L.O.I, suggest a carbonatization, which is in fair
accordance with the presence of carbonates in the
mafic levels associated with cp. The idea of a long-
lasting, early but post-emplacement alteration,
seems to be a better explanation than that of
anomalous differentiation, while the hypothesis
of Alpine major remobilization is precluded by
the stratigraphical distribution of the chemical
characteristics.
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CONCLUSION TO THE STUDY OF
THE FELSIC ROCKS

The granophyre was emplaced as a subvolcanic
body, probably feldspar-porphyritic with a vitreous

matrix. An early layering was reinforced or
epigenized by intensive K-feldspar and
complementary quartz crystallization and/or replacement.

Supported by the geochemical characteristics,

field evidence suggests that the granophyre
was co-magmatic with the other, interbedded,
felsic eruptive rocks. Moreover, the within-plate
and/or ocean floor tholeiite lineage of the mafic
rocks is also supported by the geochemical
pattern of the coeval granophyre. Further important
points are that no metamorphism was able to
destroy the intimate late-magmatic textures of the
granophyre, and that this 507 ± 9 Ma old (i.e.
Cambrian/Ordovician boundary) rock is approximately

at its stratigraphie position. The granophyre

is probably contemporaneous with the end
of the bimodal volcanism, hence its dating allows
to propose ages for the main Mt. Pourri basement
formations as indicated in figure 3.

Black schists

Most common is a sub-millimetric alternation of
leucocratic (quartz + albite) and melanocratic
(organic matter + phengite + chlorite) laminae,
together giving a grey rock, in all cases intensely
schistose. Locally the rock is crowded with black,
1-5 cm long needle-shaped spots. We assume that
they represent the remains of fiamme. Moreover
some pale green layers show a cinerite-like
texture, with isolated actinolite and angulous quartz
grains in a finer-grained matrix (Guillot, 1987).
The fine-grained sedimentation, the lack of
coarse volcaniclastic fragments and the rarity of
zircon and tourmaline suggest that it was a distal
subaqueous depositional site, far from any clastic
source.

From the geochemical data (detailed interpretation

of the geochemistry in Guillot et al., 1986;
Guillot, 1987), the main question concerns the
volcanic content of these deposits. If the possibility

of a massive metasomatic soda-enrichment is

rejected, the 47 available black schists analyses
(examples in Tab. 1) unambiguously prove that
the volcanic part is predominant, and that it must
have been a dacitic, soda-rich volcanism. The
non-volcanic part in this sedimentation could be
restricted to organic matter, and to a minor illitic
component (less than 20%?) of terrigenous
origin.

The environment where the black schists
formed was possibly a distal subaqueous site, far
from continental, terrigenous sources (see discussion

in Guillot, 1987). The high organic content
could point to an anoxic, euxinic environment.
Regarding the depth, the absence of vesicles in
the metabasaltic sills indicates basaltic emplacement

under the pressure compensation level
(Fisher, 1984), and the absence of carbonates also

suggests that the sedimentation took place below
the carbonate compensation depth. On the whole,
Schlaegel-Blaut's model (1990) of an intra-oce-
anic island volcanic source could be adapted to
the Mt. Pourri black schists. There is no evidence
against the idea of deep, distal re-deposits
(through turbiditic flows?) of aerially erupted
products piled up on the slopes surrounding an
intra-basinal volcanic island.

Tectonic evolution

1. In pre-Ordovician times the tholeiitic
volcanism was bimodal. The amount of felsic products

increased upwards, and the last eruptions
were increasingly intermittent, as indicated by
deeper chemical alterations. The exact extension-
al setting (either oceanic or continental), which
produced the very differentiated magmas, is
unclear. Perhaps it was the edge of a passive
continental margin (similar to the Tertiary volcanism
of Scotland) or a hot spot. Ultramafic and gab-
broic rocks are absent, felsic tuffs indicate a high
degree of differentiation and some structures
remind of ignimbrites. All these features stand in
contrast with the idea of an ophiolitic origin which
would be only supported by the MORB-like
chemistry of the mafic rocks. The only ophiolite
of this age in the Western Alps occurs in the
Belledonne external crystalline massif (Ménot et
al, 1988)

2. Around the Cambrian/Ordovician boundary,

the bimodal volcanism had ended. The top of
the volcanic pile was submitted to an intense,
long-lasting alteration. As no conglomerates or
coarse sediments are to be found, a distal position
is assumed. The alteration may have been mostly
hydrothermal (Lemière, 1983) and submarine.
Possible mechanisms are post-volcanic
subsidence, and/or thermal detumescence of the
lithosphère. The duration of that alteration episode is

not known.
3. An euxinic depositional environment

persisted, possibly as late as the Middle Ordovician
(an intense Middle Ordovician volcanic activity is
known in the Pyrenees and in Austria) to Upper
Silurian times (Silurian black shales in Ardennes,
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Pyrenees, Spain). Dacitic, soda-rich cinerites were
redeposited together with euxinic sediments.
There are indications for some shallow-water to
subaerial stages (fiamme, cinerites, etc.), but no
coarse deposits and no breccias are found. The
age could also be Lower Ordovician, or taking
into account the ages of comparable rocks in the
Pyrenees, Austria and the Ardennes, Middle
Ordovician to Silurian, or even, conceivably, Devo-
nian-Dinantian.

4. Sheeted sill-intrusions of tholeiitic basalt
were emplaced in the Mt. Pourri sequence,
perhaps related to a phase of within-plate rifting. The
possible ages range from Ordovician to Middle
Devonian (-? Dinantian). They are older than the
overlying Permian deposits, and older than Sile-
sian, owing to the chemical dissimilarities with the
calc-alkaline volcanic rocks of the zone Houillère
(see discussion in Guillot et al., 1986).

The ages are given with very wide brackets in
order to take all extant possibilities into account.
Owing to lithological comparisons (see below)
and assuming that during Variscan times all
future Briançon basements did belong to one
domain, we favour lower Paleozoic ages for all pro-
toliths. However a Caledonian-Variscan sedimentary,

magmatic and metamorphic evolution has
been proposed by other authors (e.g., Thélin,
1989) and the matter is still debated.

Comparisons

- The Vieux Chaillol sequence. Le Fort
(1973) has given the first lithostratigraphic
description of a pre-Upper Carboniferous basement
in the Western Alps. In the Vieux Chaillol, a part
of the Haut Dauphiné-Pelvoux external crystalline

massif (Fig. 1), the sequence has been strongly
folded and metamorphosed (presence of ky-

anite) during pre-Alpine orogenies. The Vieux
Chaillol series has been attributed to Devono-
Dinantian times (Le Fort, 1973; Gibergy et al.,
1970). Supported by the recent study of a similar
situation (P.-L. Guillot, 1991), we believe that
this age attribution is no longer tenable, on the
basis of four independent reasons. (1) The Visean
to Late Carboniferous granites of the neighbouring

region have intruded and hence post-date, the
Vieux Chaillol series. (2) Conversely, the amphi-
bolite fades metamorphism and intense pluri-
phase folding that the series has suffered did not
affect the adjacent granites. (3) The bimodal
geochemistry of the series is not readily compatible
with the S-type Carboniferous granites. (4) Finally,

the Vieux Chaillol sequence is similar to the
Mt. Pourri, with an alternation of mafic and felsic

levels in the lower half, followed by a second half
of albite-rich black schists. Not far from the top of
the bimodal mafic/felsic set of the Vieux Chaillol
sequence, a thin discontinuous marble level might
represent the same event as the carbonate-enrichment

in q2. The Vieux Chaillol black schists,
like the Mt. Pourri black schists, can be assumed
to be Ordovician in age. Hence, the top, matrix-
supported conglomerates of the Vieux Chaillol
sequence, containing boulders, some 10 m3 in size,
could have been derived from the Ordovician
inlandsis on the Saharian shield.

- The Maures sequence. In Provence (southern

France), the crystalline Maures massif
includes a series of greywackes. Some black shales
have yielded Llandovery to Tarannon graptolites
in the western, weakly metamorphosed part of
the massif (Gueirard et al., 1970). Underlying
the metamorphosed equivalent of the black
shales in the central part of the Maures massif,
meta-igneous felsic rocks have yielded several
Late Cambrian-Early Ordovician ages by U-Pb
zircon dating (Seyler, 1983,1986). The associated
mafic rocks are at the boundary between alkaline
and tholeiitic. By comparable methods, although
independent of ours, Seyler (1986) produced
roughly similar results to those presented here
about the felsic rocks. This author also found or-
thogneisses to be primarily peralkaline and partly
secondarily depleted in alkalis.

- Vosges massif. The Sainte-Marie-aux-Mines
sequence (Fluck, 1980) again displays a litho-
stratigraphical and geochemical succession similar

to Mt. Pourri. It has been considered as equivalent

to the Black Forest "leptyno-amphibolite"
series by Wimmenauer and Lim (1988). These
northernmost occurrences (Fig. 1) of similar
series suffered a 470 Ma granulitic metamorphism,
suggesting that, in the axial part of the Variscan
chain, some parts of a Mt. Pourri type domain
could have been very early reworked and deeply
buried. A Late Cambrian-Early Ordovician general

extensional regime could be invoked.
- French Central Massif. In the French Central

Massif, mafic-felsic associations form the so-
called "leptyno-amphibolites" complexes,
metamorphosed under middle- to high-grade conditions.

These complexes are variously interpreted
(see discussion in Santallier et al., 1988). In the
western part of the Central Massif, such a bimodal
association is included in the "middle alloch-
thonous" (Ledru et al., 1989). According to
radiometric data obtained from volcanic rocks
included in the complex and from intrusive plutonic
bodies, the minimum ages are Ordovician and
Cambrian. The tectonic setting of these complexes

is disputed. Pique et al. (1992) have proposed
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that these complexes are connected with an
attenuation of the sialic crust, itself coeval with the
deposition of lower Paleozoic platform sequences
and the formation of subsiding troughs, the
sequence being subsequently affected by Ordovi-
cian distension and early Variscan, Silurian
convergence. Sequences including dark metasedi-
mentary rocks are found, but here Variscan meta-
morphic and deformational overprints reach am-
phibolite to granulite facies in the central part of
the Variscan orogen. Therefore the distinction
between Variscan sequences and pre-Variscan
basements is difficult and in many cases not yet
attained.

- Eastern Alps: Austroalpine basements. Some
similarity is found between the Mt. Pourri series
and the Greywacke Zone (Fig. 1) in Austria as
described by Heinisch (1988), Schlaegel-Blaut
(1990) and Neubauer (1990). Here, subaerial ig-
nimbrites and within-plate basaltic flows and sills,
associated with both proximal and distal tur-
bidites of Ordovician to Devonian stratigraphie
age, are interpreted as representing a passive
continental margin subjected to extensional tectonics
(marginal basin). The geochemical characteristics
of the mafic rocks are not unlike those of the Mt.
Pourri.

- Other areas in the Alpine belt. Similarly,
mafic and felsic volcanic rocks of various ages and
chemical compositions are included in schists or
shales from many other parts of the Alpine belt
s.l. (see data in Sassi and Zanferrari, 1990): for
instance, in Sardinia, where Upper Ordovician
alkaline mafic rocks and Lower Ordovician felsic
to intermediate rocks are described; in the Apuan
and the Tuscan basement (e.g., Moretti et al.,
1990; Conti et al., 1991); in Calabria (e.g., the
Bottigliero unit: Acquafredda et al., 1988),
where pre-Devonian-? Ordovician, black shales
are associated with volcanic tholeiites; in the
Carpathians (e.g., the Western Carpathians: Grecula
and Hovorka, 1987) but with dissimilar REE
patterns; in the Ghomaride nappes of the Moroccan
Rif (Chalouan and Michard, 1990), where
spilites included in predominant carbonate rocks
are stratigraphically dated as Upper Silurian.

Toward early Paleozoic reconstructions

At the present time it is not clear if all the above-
mentioned occurrences are of the same age and if
they include magmatic rocks of the same
geochemical trends. Similar extensional processes
may have been repeated and identical ages must
not be inferred on the sole basis of lithological or
geochemical characters. Radiometric or other age

constraints are still severely lacking in these basement

areas. Nevertheless, several Mt. Pourri type
sequences can be found in the Alpine belt and its
surroundings. It was already recognized by Staub
(1948) that in the Alps they are older than Variscan

but younger than the high- to medium-grade
crystalline basement.

According to Desmons (1992 a, b), these
similarities in the pre-Variscan basements are
explained by a common origin in the Gondwanan
plate to which the future Penninic basements
belonged until Alpine times. Following an identical
Proterozoic and early Paleozoic evolution,
pieces of the crystalline Panafrican basement
and its unmetamorphosed cover could have been
accreted in Variscan times to Baltica (Maures,
Vosges, external crystalline massifs of the Alps),
and in the Alpine times to Eurasia (Alpine internal

zones). In this way the differences in Variscan
overprint are explained.

The Mt. Pourri sequence constitutes an invaluable

piece of evidence for the pre-Variscan and
Variscan paleogeography in the Alps. The lack of
discernible pre-Alpine metamorphism in this lower

Paleozoic sequence testifies to the lack or
weakness of any Variscan imprint. At the onset of
the Alpine orogenic cycle, the sedimentary and
magmatic characteristics of the Mt. Pourri
sequence were still almost unaltered.
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