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SCHWEIZ. MINERAL. PETROGR. MITT. 74, 203-212, 1994

Garnet in blueschist-facies marbles from the Queyras unit
(Western Alps): its occurrence and its significance

by Michel Ballévre' and Yves Lagabrielle®

Abstract

Garnet-bearing marbles are described from the Queyras unit (Western Alps), which was submitted to an early low-
grade blueschist-facies metamorphism. Observed assemblages are, in addition to quartz and calcite or aragonite:
~ garnet + sodic amphibole + phengite + titanite;
— garnet + sodic pyroxene;
— garnet + sodic amphibole + lawsonite + phengite + titanite + pyrite.

Garnet is essentially a ternary almandine-spessartine-grossular solid solution. Grossular contents are about 20—
25 mole per cent, irrespective of the studied sample whereas the almandine and spessartine contents depend on the
studied sample. Sodic amphibole is glaucophane/ferroglaucophane (sample PYL. 3-1a) or ferroglaucophane (sam-
ple CP 23). Phengite contains 3.5 to 3.6 Si per formula unit. Garnet is only found in marbles derived from carbonate
oozes of probable Upper Jurassic age, resting directly upon the ophiolitic basement. This accounts for the presence
of elements such as Mn or Na in the sediments, which most probably result from the hydrothermat alteration of the

oceanic crust. :

Keywords: garnet, marble, blueschist facies, Queyras, Western Alps.

Introduction

The significance of metamorphic garnet depends
on the associated paragenesis and its chemical
composition. These two parameters are con-
trolled by the bulk-rock chemistry and by the P-T
conditions during the metamorphic event.
Garnet is abundant in the oceanic units of the
Western Alps which were submitted to an early
high-grade blueschist-facies or eclogite-facies
event (for a review, see Droor et al., 1990). In
contrast, garnet is not found in the oceanic units
where the early metamorphic event occurred un-
der low-grade blueschist facies. The only known
exceptions are andradite-rich garnets within
skarns (CaroN and SALIOT, 1969; Desmons, 1990).
We report here for the first time an occurrence of
pyraispite garnet in this type of unit and show that

its growth was controlled by bulk-rock composi-
tion.

Geological setting

Garnet is found in blueschist-facies marbles from
the Queyras unit, one of the two main oceanic
units in the southern part of the Western Alps
(e.g. BALLEVRE et al., 1990) (Fig. 1). These two
units are only briefly described here.

The Viso unit (LoMBARDO et al., 1978) is made
of several imbricated slices of oceanic lithosphere,
where ophiolites are much more abundant than
sediments. Coherent sections through the oceanic
lithosphere are locally well exposed (LoMBARDO
and PogNanTE, 1982). To the top of these sec-
tions, the sedimentary cover has a low thickness
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(about 20 m) and is mainly made of manganifer-
ous quartzites and micaschists followed by calc-
schists. Some layers show abundant detrital ophi-
olitic rocks (LAGABRIELLE, 1987; LAGABRIELLE and
PoLmNo, 1988).

The Viso unit was submitted to an eclogite-
facies metamorphism, as recorded by garnet-om-
phacite-rutile assemblages within the metagab-
bros and metabasalts (LoMBarpo et al., 1978;
Kiexast and MEssica, 1987; LARDEAUX et al.,
1987; PuiLLiroT and Kienast, 1989). These early
assemblages were variably retrogressed during a
greenschist-facies event.

In the Queyras unit, ophiolitic rocks constitute
lenses of small size and diverse lithologies within
abundant sediments, which are dominantly made
of calcschists. It is thus not possible to observe a
coherent section through the oceanic lithosphere.
This can be interpreted in several ways and could
result from several processes:

— olistolith development associated to the
opening of the ocean (LEMOINE and TRICART,
1979) or to the beginning of the convergence
(LAGABRIELLE and PoLivo, 1988);

— intense boudinage of the oceanic lithos-
phere during the Alpine deformation (TRICART
and LEMOINE, 1986);

— imbrication of oceanic material in an accre-
tionnary prism (StamMpFLI and MARTHALER, 1990)

ECRINS
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H L 25kmMN

Fig. 1 Location of the studied area in the southern
part of the Western Alps (modified from BALLEVRE et
al., 1990). 1 — External zone: sedimentary cover; 2 —
External zone: Palaezoic basement; 3 — Briangonnais
zone; 4 — Oceanic units with low-grade blueschist facies
metamorphism; 5 — QOceanic units with high-grade blue-
schist-facies and eclogite-facies metamorphism; 6 — Pie-
montese zone (Dora-Maira massif). The iocation of the
studied area is shown by a rectangle.
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or during the Alpine collision (LAGABRIELLE and
PoLvo, 1988).

Some of the ophiolitic lenses preserve their
sedimentary cover, which is in primary contact
with basalts, gabbros as well as serpentinized peri-
dotites (for a review, see LAGABRIELLE et al.,
1984). The sedimentary sequence begins with
ophicalcites (CaBy et al., 1987) or red to green
bedded metacherts, locally preserving radiolari-
ans of Oxfordian to Kimmeridgian age (Dg
Wever and Caby, 1981; ScHaar et al., 1981; DE
WEVER et al., 1987). The siliceous oozes are fol-
lowed by carbonate oozes, now marbles, of prob-
able Upper Jurassic age. Marbles are overlain by
calcschists of presumed Cretaceous age.

The Queyras unit was submitted to a low-
grade blueschist-facies metamorphism, as re-
vealed by the occurrence of blue amphibole, sodic
pyroxene, clinozoisite, lawsonite and pumpellyite
within metabasites (e.g. Bocouer, 1974; StEEN,
1975; CaroN, 1977; CaBy et al., 1978; MEVEL and
Kienast, 1980; SaLior et al.,, 1980; PoGNANTE and
KIeENAsT, 1987; DEsMons, 1990), lawsonite, chlori-
toid and carpholite within metasediments (e.g.
CHATTERJEE, 1971; CaAroN, 1974 and 1977; STEEN
and BERTRAND, 1977; Gorre and CHoPIN, 1986). A
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Fig. 2 Location of the studied samples in the Queyras
unit. The structural map is adapted from LAGABRIELLE
and PorLino {1988).
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Fig. 3 Location of the studied samples from the Pelvas
d'Abriés in the stratigraphic Mesozoic sequences.
a) Col d'Urine section. 1 ~ Metagabbros; 2 — Marbles; 3
- Gabbroic breccias; 4 — Serpentinitic breccias; 5 - Mar-
bles; 6 — Calcschists. b) Sagne Clause section. 1 — Meta-
gabbros; 2 — Serpentinites; 3 — Quartzites; 4 — Thinly-
bedded marbles; 5 — Thicker-bedded marbles.

greenschist-facies overprint is unequally devel-
opped in most lithologies.

Because the Viso and Queyras units had dif-
ferent P-T histories during the Alpine history,
metamorphic parageneses are not equally distrib-
uted. The spatial distribution of some minerals is
shown by several authors on regional-scale maps
(e.g. BEARTH, 1962; BocQUET, 1971; CHATTERIEE,
1971; SavLior, 1973; Caron, 1974 and 1977). Data
for garnet can be summarized as follows.

1. Garnet is abundant in the Viso unit. It is
known in Fe-Ti or Mg-metagabbros, metabasalts
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as well as manganiferous quartzites, micaschists
and calcschists.

2. In the Queyras unit, garnet has never been
found until now within metabasites, metapelites
or metacherts. We report here the first occur-
rence of garnet within Upper Jurassic marbles
from the Queyras unit.

Petrography

The studied samples were collected from three
localities in the Guil valley, namely the Pelvas
d'Abries, the Téte de Clot Lapierre and the Créte
Mouloun (Fig. 2).

The Pelvas d'Abriés or Palavas (2929 m) is a
slice of metagabbros with minor metaperidotites
and their associated Mesozoic cover (BEARTH et
al., 1975; LAGABRIELLE, 1982; LAGABRIELLE et al.,
1985). To the East (col d'Urine), the metasedi-
mentary cover including marbles and various
ophiolite-rich detrital beds is in stratigraphic con-
tact with the gabbros but the entire section is now
overturned (Fig. 3a). To the West (Sagne Clause),
the metasediments are in fault contact with the
gabbros (Fig. 3b). Garnets have been recovered
from marble layers exposed along both sections
(Fig. 3).

— Sample PYL 3-1a shows a foliation defined
by the shape fabric of calcite, quartz, white mica
and blue amphibole. The amphiboles mark a pro-
nounced East-West trending mineral elongation.
The primary paragenesis consists of calcite +
quartz + white mica + blue amphibole + titanite.
Garnet is poikiloblastic with numerous inclusions
of calcite. Retrograde tranformations are only
poorly developed. Some chlorite grew at the ex-
pense of blue amphibole while sheaves of rutile
needles result from the breakdown of titanite.

— Sample PYL. 9-1 consists of a succession of
millimeter-thick layers with various mineralogical
compositions. One of these layers contain garnet
associated to calcite, quartz and microboudinaged
clasts.

The Téte de Clot Lapierre (2730 m) is a small
ophiolitic body mainly consisting of metabasalts
(LaGaBRIELLE, 1982). A meter-thick layer of
marbles occur just above the metabasalts. Sample
CP 23 has been collected within these marbles.
The foliation is defined by the shape fabric of
calcite, white mica and quartz and bears an East-
West trending stretching lineation marked by
the alignment of microboudinaged blue amphib-
oles. Sample CP 23 presents numerous rectangu-
lar- or lozenge-shaped pseudomorphs after law-
sonite, now consisting almost exclusively of
zoisite, with a minor amount of calcite and white
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Fig. 4 Location of the studied samples from the Créte
Moulon. 1 - Metabasalts, including some pillow-lava
flows and breccias; 2 - Metasediments with abundant
layers of detrial ultrabasic and basic material; 3 - impure
marbles; 4 - black siliceons schists; 5 - phyllitic marbles; 6
- calcschists.

mica. In addition, euhedral garnet (2-5 mm in
diameter) is rarely found. Epidote occurs either
as discrete grains within the deformed matrix or
overgrowing zoisite at the margins of lawsonite
pseudomorphs.

The Créte or Roche Mouloun (2678 m) con-
sists of almost undeformed basaltic pillows and
breccias. Associated metasediments are charac-
terized by the abundance of detrital basic and
ultrabasic material (LE MER et al., 1986). Garnet
has been discovered within marbles (sample CM
12¢7) from the uppermost part of the sedimentary
sequence (Fig. 4). Foliation is defined by the
shape fabric of calcite, quartz, white mica and
chlorite. Garnet has a small size (20-50 pm) and
shows a poikilitic core and a clear rim.

Mineralogy

A preliminary investigation of these samples was
made by C. Mével (see ScaiLer, 1986; LAGA-
BRIELLE, 1987). New mineral analyses were per-
formed with an electron microprobe (Microsonde
Ouest, Brest). Operating conditions were 15 kV
accelerating voltage, 15 nA beam current and 6 s
counting time. Natural minerals were used as
standards.

Calcium carbonate is by far the most abundant
phase in the three samples investigated. It is near-
ly pure and contains only trace amounts of FeO,
MnO and MgO. We assume that calcium carbon-
ate is calcite and found no evidence in favour of

M. BALLEVRE AND Y. LAGABRIELLE

recrystallization of large aragonite grains. Dolo-
mite has not been identified.

Garnet always presents a negligible pyrope
content (lower than 1 mole per cent) and a rather
high grossular content (from 15 to 25 mole per
cent) (Tab. 2 and Fig. 5). The almandine and
spessartine contents strongly differ from one sam-
ple to the other (Fig. 5). Garnets from samples
PYL 3-1a and PYL 9-1 do not show any signifi-
cant zoning or differences of composition be-
tween grains. A slight core-rim zoning is present
in sample CP 23 (Fig. 5). Significant variations in
the chemical composition are observed only in
sample CM 12¢', where garnet grains from the
same thin section show a large scatter (Fig. 5).
The possible reasons for this dispersal are not yet
clearly established.

Tab. I Observed mineral assemblages within the stud-
ied marbles from the Queyras unit.

PYL 3-1a| PYL9-1| CP23 | CM 12¢'
calcite + + + +
quartz + + + +
garnet + + + +
Na-amphibole | + +
lawsonite +
phengite + + +
chlorite +
titanite + +
pyrite +
Alm

sample M 12¢’

a
sample (P23 A

A

sample PYL 3-1a
o‘ 'o’.‘

sample PYL 9-1 .

Spe

Gro

Fig. 5 Garnet composition in the almandine (Alm) -
spessartine (Spe) — grossular (Gro) triangle. Open and
filled symbols for sample CP 23 represent core and rim
analyses, respectively.
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Tab. 2 Representative analyses of garnet. Structural formulae are calculated on a basis of 8 cations.

PYL 3-1a PYL 9-1 CP23 CM 12¢'
Si0, 36.07 36.33 36.82 37.19 | 36.68 3696 | 37.38 37.40 38.18 | 36.66 36.84
TiO, 0.40 0.28 0.30 0.35 0.48 0.36 0.25 0.25 0.04 0.26 0.00
AlLO, | 20.03 20.31 20.52 20.26 20.26 2029 | 19.78 20.66 20.60 | 20.05 20.67
Cr, 0, 0.00 0.00 0.00 0.08 0.06 0.01 0.03 0.02 0.00 0.00 0.00
FeO 5.10 5.06 5.10 1.75 1.71 1.72 8.71 9.59 1798 | 11.98 23.50
MnO 30.97 31.53 30.96 33.01 32.02 3151 | 26.67 23.51 18.01 | 23.17 14.58
MgO 0.10 0.10 0.15 0.03 0.04 0.05 0.06 0.08 0.23 0.11 0.27
CaO 6.64 6.51 7.48 8.27 9.36 925 6.90 8.08 517 7.06 5.12
Na,O 0.03 0.04 0.00 0.00 0.02 0.03 0.04 0.07 0.00 0.00 0.04
K,O 0.01 0.02 0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Total | 9935 {100.18 [101.35 |100.97 |100.64 |100.18 | 99.82 99.66 |100.21 | 99.29 |101.02
Si 2.950 2.946 2.946 2982 2.944 2976 3.040 3.022 3.074 | 2996 2971
ALY 0.050 0.054 0.054 0.018 | 0.056 0.024 | 0.000 | 0.000 0.000; 0.004 0.029
AV 1.881 1.888 1.881 1.897 1.861 1.903 | 1.897 1.968 1.956| 1.929 1.937
Ti 0.025 0.017 0.018 0.021 0.029 0.022 | 0.015 0.015 0.002 | 0.016 0.000
Cr 0.000 0.000 0.000 0.005 0.004 0.001 | 0.002 | 0.001 0.000 { 0.000 0.000
Fe’ 0.094 0.095 0.101 0.077| 0.106 0.075 | 0.045 0.000 0.000 | 0.055 0.063
Fe?* 0.254 0.248 0.240 0.041 0.009 0.041| 0.547 0.648 12211 0.764 1.522
Mn 2.146 2.166 2.098 2242 2177 2150 | 1.838 1.609 1.229 | 1.604 0.996
Mg 0.012 0.012 0.018 0.004 | 0.005 0.006 | 0.007 0.010 0.028 | 0.013 0.032
Ca 0.582 0.566 0.641 0.711 0.805 0.798 | 0.601 0.700 0.446 | 0.618 0.443
Na 0.005 0.006 0.000 0.000 | 0.003 0.005| 0.006 0.011 0.000 | 0.000 0.006
K 0.001 0.002 0.002 0.003 0.001 0.000| 0.000 0.000 0.000 | 0.000 0.000
Alm 8.50 8.29 8.02 1.35 0.29 1.38 | 18.28 21.85 41.57 | 25.46 50.86
Spe 71.66 72.40 69.99 74.82 72.67 7177 | 61.39 54.25 42.17 | 53.48 33.28
Pyr 041 0.40 0.60 0.12 0.16 0.20 0.24 0.32 0.95 0.45 1.08
Gro 15.46 15.15 1741 20.27 22.24 2341 | 18.00 23.03 1523 | 18.24 12.68
And 397 3.76 3.96 3.27 451 3.22 2.03 0.51 0.08 2.38 2.10
Ouv 0.00 0.00 0.00 017 0.13 0.02 0.06 0.04 0.00 0.00 0.00
1 Structural formulae of blue amphiboles have
Fe - Gln Rie been calculated using the same method as Rey-
NARD and BALLEVRE (1988). In the studied rocks,
the Fe*(Fe? + Mg) and Fe¥/(Fe® + Al) ratios are
. sample CP 23 not .sigl‘lificantly dependent on the choose:n nor-
o malization. They are represented in the diagram
- b :‘ of LEAkE (1978) (Tab. 3 and Fig. 6) using the nor-
oF 4 malization giving the highest ferric iron content
&L (SUM Mg for sample PYL 3-1a and SUM Na for
— 0.’ \ sample CP 23). Blue amphiboles from sample
a * PYL 3-la plot at the limit between the glau-
S sample PYL 3-1a cophane and ferroglaucophane fields while those
from sample CP 23 are ferroglaucophanes.
Lawsonite from sample CP 23 is now totally
replaced by zoisite with a very low iron content.
Epidote overgrowing zoisite or in the matrix is
Gln Mg-Rie | distinctly richer in iron than zoisite. Microboudi-
0 naged clasts from sample PYL 9-1 have only given
0 Fe3/(Fe3+Al) 1 ;reaggr:es of poor quality, even with a defocussed

Fig. 6 Amphibole composition in the classification of
Leake (1978).

Analysed white micas from samples PYL 3-1a,
CP 23 and CM 12c¢' are phengites with a high cela-
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Tab. 3 Representative analyses of blue amphibole.
Structural formulae are calculated as indicated in the
text.

PYL 3-1a CP23
Sio, 57.19 5780 | 5545 | 5544
TiO, 0.09 0.28 031 0.00
ALO, | 1097 11.90 7.54 8.63
Cr,0, 0.00 0.00 0.00 0.16
FeO 13.42 1259 | 2087 | 21.05
MnO 0.12 0.19 0.23 0.30
MgO 7.70 8.11 5.89 4.80
CaO 0.18 0.17 0.63 0.47
Na,0 7.53 7.74 6.66 6.74
K,O 0.00 0.00 0.00 0.03
Total 97.20 9878 | 9758 | 97.62
Si 7.995 7.924 | 7952 | 7971
AlY 0.005 0076 | 0048 | 0.029
AV 1.803 1.848 1227 | 1434
Ti 0.009 0.029 | 0033 | 0.000
Cr 0.000 0.000 | 0000 | 0018
Fe¥ 0.089 0.062 | 0606 | 0451
Fe?* 1.481 1.382 1.897 | 2.080
Mn 0.014 0022 | 0028 | 0.037
Mg 1.605 1.624 1.259 1.029
Ca 0.027 0025 | 0097 | 0072
Na 2.041 2.058 1.852 1.879
K 0.000 0.000 | 0000 | 0.006
Total 15.068 | 15083 | 15000 | 15.006

donitic substitution (of the order of 3.5-3.6 Si
atom per formula unit). Paragonite has not been
found (Tab. 4).

Chlorite from sample CM 12¢' presents higher
amounts of AlI! than Al'"Y, which suggest that no
ferric iron is present. Assuming all iron to be diva-
lent, the Fe*/(Fe*+ Mg) ratio is about 0.55-0.60.

Titanite is nearly pure, with a low AlL,O, con-
tent (up to 1.5 weight per cent). The only opaque
phase is pyrite.

P-T estimates

Accurate estimates of the P-T conditions of the
blueschist-facies event in the studied rocks are
quite difficult because the observed assemblages
present a high variance. The studied rocks depart
strongly from simple systems such as K,O-FeO-
MgO-AlL0O,-Si0,-H,0 and CaO-MgO-Al,0,~
Si0,~H,0-CO,, which are used as reference for
the study of phase relations within metapelites
and marbles, respectively. Several comments are
nevertheless useful.

1. The garnet-bearing assemblages belong to
the low-grade blueschist-facies, as shown by the
costability of garnet with sodic amphibole (sam-

M. BALLEVRE AND Y. LAGABRIELLE

P (kbar)

16 |

12F

T l(°C)

500

300 400

Fig. 7 Estimated P-T conditions (box) for the early,
low-grade blueschist-facies event in the Queyras unit.
Equilibrium curves were calculated using the dataset of
BerMaN (1988) for a unit H,O activity. Calcite-arago-
nite transition after Jomannes and Punan (1971). Alb:
equilibrium albite; Ar: aragonite; Cc: calcite; Czo: clino-
zoisite; Jd: jadeite; Ky: kyanite; Lws: lawsonite; Par:
paragonite; Prl: pyrophyllite; Qtz: a-quartz.

ple PYL 3-1a) or sodic amphibole + lawsonite
(sample CP 23).

2. The FeMg | partitioning between garnet and
phengite is not properly calibrated for estimating
temperatures in the studied rocks, mainly because
of the spessartine-rich composition of garnet.
Maximum temperatures of the order of 350-
450 °C are compatible with observed mineral as-
semblages within the studied rocks, especially
with the occurrence of sodic amphibole + law-
sonite (e.g. Evans, 1990).

3. A rough estimate of minimum pressures can
be made by linearly extrapolating towards lower
temperatures experimental data for the Si-con-
tent of phengites in the KMASH system (Mas-
SONNE and SCHREYER, 1987). This gives minimum
pressures of the order of 12-14 kbar at 400 °C
(Fig. 7). One could argue that there is no sound
basis for such a linear extrapolation and that the
chemistry of the phengites is not buffered by the
same assemblage as in the experimental study.
However, the obtained pressure values are con-
sistent with the presence of the assemblage jade-
ite + quartz (Fig. 7), which has been reported
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Tab. 4 Representative analyses of phengite and chlorite. Structural formulae are calculated on a basis of 11 and 14
oxygens, respectively.

PYL 3-1a Cp23 CM 1i2c¢'
Si0, 54.77 53.56 53.14 52.40 52.10 52.65 2474 24.37
TiO, 0.03 0.04 0.27 0.00 0.18 0.15 0.00 0.08
ALO; 21.06 23.10 22:35 23.08 21.33 21.24 21.11 21.63
Cr, 0, 0.00 0.00 0.01 0.01 0.00 0.01 0.03 0.00
FeO 317 2.34 4.27 4.54 477 4.46 2773 29.35
MnO 0.30 0.42 0.21 0.18 0.05 0.02 0.79 0.56
MgO 4.85 4.79 3.62 3.67 329 3.49 12.29 11.03
CaO 0.12 0.32 0.00 0.08 0.11 014 0.24 0.13
Na,O 0.08 0.09 0.01 0.08 0.05 0.06 0.00 0.02
K,O 10.72 11.20 11.23 11.54 10.98 10.78 0.00 0.00
Total 95.10 95.86 95.11 95.58 92.86 93.00 86.93 87.17
Si 3.673 3.569 3.596 3.545 3.620 3.639 2.679 2.650
AlY 0.327 0.431 0.404 0.455 0.380 0.361 1.321 1.350
AV 1.339 1.384 1.379 1.387 1.368 1.370 1.374 1.424
Ti 0.002 0.002 0.014 0.000 0.009 0.008 0.000 0.007
Cr 0.000 0.000 0.001 0.001 0.000 0.001 0.003 0.000
Fe* 0.178 0.130 0.242 0.257 0.277 0.258 2512 2.670
Mn 0.017 0.024 0.012 0.010 0.003 0.001 0.072 0.052
Mg 0.485 0.476 0.365 0.370 0.341 0.360 1.984 1.788
Ca 0.009 0.023 0.000 0.006 0.008 0.010 0.028 0.015
Na 0.010 0.012 0.001 0.010 0.007 0.008 0.000 0.004
K 0.917 0.952 0.970 0.996 0.974 0.951 0.000 0.000
Total 6.956 7.003 6.984 7.037 6.987 6.967 9.972 9.959

from several localities in the Queyras unit (CaBy
et al., 1971; SavioT, 1973; CaroN, 1977; SALIOT et
al., 1980). Because the calcite-aragonite equilibri-
um curve is located at lower pressures than the
albite-jadeite-quartz equilibrium curve (Fig. 7),
one should expect to find aragonite in the
Queyras unit but no aragonite has been found up
to now (GiLer and Gorrg, 1988). If initially
present, aragonite was most probably totally in-
verted during the late greenschist-facies over-
print. The inversion could have been facilitated
by the late, greenschist-facies, ductile deforma-
tion (cf. sample CP 23).

4. The observed assemblages crystallized at
very low or low values of CQO, activity, as shown
by the presence of titanite (instead of rutile) co-
existing with calcite and quartz in samples PYL
3-1la and CP 23. Moreover, sample CP 23 displays
the assemblage lawsonite + calcite + quartz, which
is also indicative of low values of X(CO,). Exper-
imental data (NrrscH, 1972; Jacoss and KERRICK,
1981) and thermodynamic calculations (e.g. FREy,
1987) show that the assemblages titanite + calcite
+ quartz and lawsonite + calcite are only stable for
values of X(CQ,) lower than about 3 and 8 mole
per cent, respectively, at 10 kbar, 400 °C.

The significance of garnet in the blueschist-facies
marbles

Garnet-bearing assemblages in the Queyras unit
are only found in marbles of probable Upper
Jurassic age resting directly on their ophiolitic
substratum (Figs 3 and 4). Two main hypotheses
can be proposed in order to explain the occur-
rence of these garnets.

1. Garnet growth could have resulted from
higher P-T conditions than previously assumed
either for the Queyras unit as a whole or, taking
into account the fact that the studied rocks are
located in a restricted area, for that particular
area within the Queyras unit.

2. Garnet growth was mainly controlled by the
bulk-rock chemistry.

Checking the first hypothesis proves to be dif-
ficult because our P-T estimates are not as precise
as required and because few reliable petrological
data are currently available on the Queyras unit.
Previous investigations suggest increasing P-T
conditions from West to East within the Queyras
unit (e.g. Sariot, 1973; Caron, 1977) but it re-
mains uncertain whether the increase is related to
the early high-pressure event or to the late green-
schist-facies overprint or both. This P-T gradient
could explain why garnets are only found in
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Jurassic marbles from the easternmost part of the
Queyras unit (Figs 1 and 2).

No representative analyses of the studied sam-
ples could be obtained, because the thickness of
the garnet-bearing layers are too small. This pre-
cludes a direct correlation between the garnet
chemistry and the bulk-rock composition. Never-
theless, the lack of garnet in lithologies other than
Jurassic marbles of the same part of the Queyras
unit demonstrates that the bulk-rock composition
of the sediment played a major role. Indeed, the
studied rocks were originally carbonate oozes
sedimented on top of the oceanic basement.
These oozes were impure carbonates, i.e. with a
significant contribution of the ophiolitic substra-
tum, either directly (detrital clasts) or through
hydrothermal alteration of the ophiolitic rocks.
Though centimeter- to decimeter-thick layers of
impure marbles are also found within calcschists
of presumed Cretaceous age, garnet as well as
blue amphibole have not been found within such
layers. This fact is easily explained, considering
that the contribution of the ophiolitic substratum
to the sedimentation was not possible or reduced,
because either these sediments were located at a
long distance from the active rift or the ophiolitic
basement was then totally covered by Upper
Jurassic sediments.

Finally, this study confirms the lack of alman-
dine-rich garnet in the Queyras unit, at odds with
its abundance in various lithologies in the Viso
unit. This distribution is known since BEARTH
(1962) and was later used in order to define a
"garnet isograd" (Sarior, 1973). This latter coin-
cides with the fault separating the Queyras unit to
the West from the Viso unit to the East, i.e. low-
grade blueschists to the West from high-grade
blueschists and eclogites to the East. Recent
structural investigations revealed ductile normal
movement along the fault (BALLEVRE et al., 1990;
PriLLipoT, 1990). This movement is responsible of
the P-T gap now observed.

Conclusion

The main conclusions of this study are as fol-
lows.

1. Garnet is rarely found in blueschist-facies
marbles from the Queyras unit (Western Alps),
where it coexisted with glaucophane-ferroglau-
cophane or ferroglaucophane + lawsonite, in ad-
dition to quartz, calcite (formerly aragonite?) and
phengite (Tab. 1).

2. The studied garnets show peculiar chemical
compositions (Tab. 2 and Fig. 5), with very high
spessartine, low-to moderate almandine and low

M. BALLEVRE AND Y. LAGABRIELLE

grossular contents. Their pyrope content is negli-
gible.

3. Garnet growth was mainly controlled by the
bulk-rock chemistry. P-T conditions during garnet
growth are estimated at about 10-14 kbar, 300-
400 °C.
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