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Schweiz, mineral, petrogr. Mitt. 65, 265-277,1985

Geochemistry of basaltic and gabbroid metaophiolites
from the Susa Valley, Italian Western Alps*

by Ugo Pognante**and Lorenzo Toscani***

Abstract

This paper presents geochemical data on basaltic metabasites and metagabbroids of the ophio-
lites of the western Alps along the Susa valley traverse. In this area the ophiolites occur in a few
tectonic units and represent disrupted sections, tectonic slices or olistoliths of the oceanic-type
lithosphère of the Jurassic western Tethyan basin. The analyzed rocks crystallized from melts having
affinities to magmas producing normal-MORB. With respect to normal-MORB, the alpine basalts
are enriched in some hygromagmatophile elements (in particular Zr). The similar ratios for some
hygromagmatophile elements (Ti/Zr, Zr/Nb) in all the analyzed basalts are suggestive of derivation

from not very heterogeneous peridotitic mantle sources, by slightly different degrees of partial
melting and/or by more or less advanced crystal fractionation.

Keywords : Metamorphic ophiolites, geochemistry, Tethys, trace element, Italian Western Alps.

INTRODUCTION

A great amount of geological, petrological and geochronological data have
demonstrated that the ophiolites of the western alpine belt formed during the
Jurassic by tensional and transcurrent tectonics in a small basin of the western
Tethys (Elter, 1971; Dal Piaz, 1974; Lemoine, 1980; Lombardo and
Pognante, 1982; Auzende et al., 1983; Pognante et al., 1986). In particular, the
petrological and geochemical contributions indicate close similarities between
the petrogenetic processes associated to the opening of this small basin and the
processes occurring in mid-ocean ridges (Lombardo et al., 1978; Lewis

*This paper is part of a C.N.R. (Centro di Studio sui Problemi dell'Orogeno delle Alpi
Occidentali, Torino) programme.

** Dipartimento di Scienze della Terra, via Valperga Caluso37, 1-10125 Torino, Italy, and
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* * * Istituto di Petrografia, via Gramsci 9,1 - 43100 Parma, Italy.
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and Smewing, 1980; Dal Piaz et al., 1981; Pognante et al., 1982). In spite of
these similarities a few recent works (Venturelli et al., 1981; Auzende et al.,
1983; Beccaluva et al., 1984; Pognante and Piccardo, 1984; Pognante et al.,
1986) have revealed that some ophiolites of the western Alps display more or
less different lithostratigraphic and geochemical features that should testify the
various stages of opening of the basin and/or different settings (i.e. closer to
transform faults or to mid-ocean ridge-type structures).

This paper presents and discusses new geochemical data on metabasalts,
metabasites and metagabbros from the ophiolites of the Susa valley traverse
through the italian western Alps (west of Torino, Fig. 1).

GEOLOGIC SETTING

Along the Susa valley traverse the metaophiolites include more or less ser-

pentinized tectonite peridotites (mainly lherzolites), metagabbros and metabasites

often representing original pillow or brecciated flows; these rocks occur in
several tectonics units (Fig. 1):

Fig I Geologic sketch map of the western Alps in the Susa valley area Composite ophiolite unit l)metasedi-
ments (mainly "schistes lustres", "calcescisti"), 2) tectonite ultramafics, 3) metagabbros, 4) basaltic metabasites
5) Epicontinental covers of Mesozoic age, 6) Sesia-Lanzo continental unit, 7) Dora-Maira continental unit, 8)
Ambin continental unit LA Lanzo pendotite body, EO eastern ophiolite nappe, WO western ophiolite units
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a) The Lanzo ultramafic body consists of little-serpentinized tectonite perido-
tites (mainly spinel-lherzolites re-equilibrated into plagioclase-lherzolites)
intruded by minor dykes of gabbro and porphyritic basalt (Boudier, 1978;
Pognante et al., 1985).

b) The eastern ophiolite nappe represents dismembered sections of the oceanic-
type lithosphère of the Jurassic basin; it consists of metaophiolites with
subordinate metasediments (Pognante, 1980).

c) The western ophiolite unit consists of prevalent metasediments (mainly
"schistes lustrés", "calcescisti") and minor metaophiolites (CarOn, 1977);
Polino, 1984); it is a composite unit which includes the Chenaillet ophiolites
near Montgenevre (Bertrand et al., 1982). In the western units the ophiolites

represent tectonic slices and/or olistoliths of an original oceanic-type
lithosphère ofJurassic age.
All these rocks suffered an alpine metamorphic evolution distinguished by

an early high pressure —low temperature stage followed by a later low pressure
stage. In the Lanzo body and in the eastern ophiolite nappe the first stage
produced, in the mafic rocks, eclogitic assemblages of Cretaceous age including
Na-pyroxenes, garnets, zoisite, Na-amphiboles and chloritoid; in the western
units the high pressure stage produced low temperature blueschist assemblages
(lacking eclogites) with Na-amphiboles, lawsonite, epidote, Na-pyroxenes
(Pognante, 1984; Carpena et al., 1986).

FIELD RELATIONSHIPS AND PETROGRAPHY

The studied metagabbroids and metabasites have been selected among the
rocks having the best preserved magmatic mineralogical and textural relics
from the eastern ophiolite nappe and from the western ophiolite unit. The
composition of the magmatic relics of some intrusive rocks, determined with an
ARL-SEMQ microprobe, are also reported. Location and description of the
analyzed samples are shown in Fig. 1 and Table 1 while the representative mineral

compositions are included in Table 2.

The analyzed metagabbroids occur either in bodies ranging in thickness
from a few tens of metres (Colle delle Finestre, south of Mt. Rocciamelone,
Colle del Lys) up to 600 metres (Rocciavré), or in dykes intruding tectonite lher-
zolites (Mt. Civrari) (Fig. 1). In the smaller bodies the metagabbroids are
represented by augite gabbros and Fe-Ti gabbros with rare plagiogranites (Colle del
Lys) and the only magmatic relics which have escaped the alpine recrystalliza-
tion are clinopyroxenes and, at times, Fe-Ti oxides. At Rocciavré a large body
of olivine-Cr-diopside gabbros includes a layered sequence formed by gabbro-
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Table I List and location of the analyzed samples reported in Tables 2-3-4.

Sample Rocktype Mineralogy Location

VS12 gabbro dyke cpx-ol-pl Mt. Civrari
124 gabbro-norite cpx-pl-opx-zo-gt-om-tc Sangone valley
R295 Fe-Ti gabbro om-gt-rut-ap- cpx Sangone va]ley
R385 Fe-Ti gabbro om-gt-rut-ap Sangone valley
a gabbro cpx-anf-ab-zo S Mt. Rocciamelone
b gabbro cpx-anf-ab-chl-sph S Mt. Rocciamelone
c Fe-Ti gabbro cpx-Na anf-chl-ox-ab-sph-ap S Mt. Rocciamelone
R19 gabbro anf-zo-ab Rocca Vergia, Chisone valley
R278 gabbro cpx-hbl-zo-anf-om-gt-chl Rocca Vergia, Chisone valley
R16 eclogite om-gt-rut-Na anf-ap P.ta del Lago, Sangone valley
R192 Fe-Ti gabbro cpx-om-gt-Na anf-rut Colle delle Finestre
LYS plagiogranite qtz-jd-ab-gt-Na anf-ap-zr Colle del Lys
VL166 basalt breccia om-ep-anf-ab-sph Torre del Colle
LN14 pillow basalt ep-ab-anf-sph Col delle Coupe
R380-4 basalt breccias ep-Na anf-anf-ab-sph-mb SW P.ta Cristalliera
PL8 metabasite ep-ab-anf-lw(9)-sph Viù valley
R0X9 metabasite ep-Na anf-ab-anf-sph Rio Glandula, N Susa
R183 metabasite ep-ab-anf-chl-sph E Mt. Pelvo
FEN metabasite ep-anf-Na anf-chl-ab-sph E Fenestrelle
R96 metabasite ep-mb-anf-Na anf-ap-sph P.ta il Villano
CES1-2 basalt breccias Na anf-lw-ep-sph W Oulx
366 Fe-Ti gabbro cpx-Na anf-chl-ox-ab-ep-sph S Mt. Rocciamelone

Abbreviations : cpx=clinopyroxene, ol=olîvine, pl=plagioclase, opx=orthopyroxene,
zo=zoisite, gt=garnet, om=omphacite, tc=talc, rut=rutile, ap=apatite, anf=amphibole,
ab=albite, chl=chlonte, sph=sphene, ox=Fe-Ti oxides, hbl=hornblende, qtz=quartz,
jd=jadeite, zr=zircon, ep=epidote, mb=white mica, lw=lawsonite. The underlined minerals

are pre-alpme magmatic relics.

norites, Fe-Ti gabbros and rare plagiogranitic pods (Pognante, 1981). The
sample from Mt. Civrari (Pognante et al., 1986) is a dyke, a few decimetres
thick, of olivine-Cr-diopside gabbro crosscutting the host lherzolites. Compositional

data of the magmatic relics indicate an evolution of the minerals from the
most primitive gabbros (olivine: Fo 90-87; Cr-rich diopide), to intermediate
gabbro-norites (augite, hyperstene) and finally to Fe-Ti gabbros (Fe-richer
augite) (Table 2).

Many of the analyzed metabasites (Fig. 1) derive from extrusive flows up to a
few hundred of metres thick; these flows show relics of pillowed or brecciated
structures (Rocciavré, Torre del Colle, Col delle Coupe, Oulx). Elsewhere they
form layers, a few tens of metres thick, lacking primary structures and are inter-
layered with phyllitic marbles ("schistes lustrés"), or occur as rare dykes
crosscutting the ultramafic rocks (Pognante, 1980).
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Table 2 Representative microprobe analyses of magmatic minerals from ophiolite metagabbros of the Susa
valley.

ol cpx opx
VSI2 VS12 124 R295 366 124

Si02 39.89 52.16 54.08 53.74 52.61 53.69
AI203 0.04 3.38 2.11 2.11 0.96 1.32
TÎ02 - 0.38 0.76 1.03 0.39 0.42
Cr203 - 0.96 n.d. 0.08 n.d. -
FeOtot 12.62 4.67 6.58 7.49 12.80 16.43
MnO 0.20 0.13 0.19 0.17 1.31 0.39
NiO 0.23 0.06 n.d. - n.d. -
MgO 47.42 18.47 16.60 13.44 11.17 26.69
CaO 0.04 19.24 19.04 20.15 18.81 1.72
Na20 - 0.27 0.70 1.43 2.55 0.08

100.44 99.72 100.06 99.64 100.60 100.74

Si 0.988 1.903 1.972 1.987 1.990 1.939
AI,v 0.001 0.097 0.028 0.013 0.010 0.056
A1VI - 0.045 0.063 0.079 0.033 -
Ti - 0.011 0.021 0.029 0.011 0.011
Cr - 0.028 n.d. 0.002 n.d. -
Fe tot 0.261 0.142 0.201 0.232 0.405 0.496
Mn 0.004 0.004 0.006 0.005 0.042 0.012
Ni 0.005 0.002 n.d. - n.d. -
Mg 1.751 1.004 0.902 0.741 0.630 1.437
Ca 0.001 0.752 0.744 0.798 0.763 0.067
Na - 0.019 0.049 0.103 0.187 0.006

3.010 4.010 3.986 3.989 4.071 4.024

Structural formulae are on the basis of 4 oxygens for olivine (ol) and 6 oxygens for clinopyroxenes (cpx) and
orthopyroxene (opx).

BULK ROCK CHEMISTRY

Major and trace elements have been determined on 6 metagabbros and 12

metabasites from the eastern ophiolite nappe, and on 2 metabasalts from the
western composite unit. Si02, Ti02, A1203, Fe203tot MnO, CaO, K20, P205,
and Ni, Co, Cr, V, Sc, Ba, Nb, Zr, Y, Sr, Rb have been determind by X-ray
fluorescence analysis (Philips PW1400). MgO was determind by atomic absorption

and Na20 by flame photometry. Location and description of the analyzed
samples are reported in Fig. 1 and Table 1, while the chemical data are included
in Tables 3 and 4. Table 3 also report 3 average compositions of metagabbros
from the southern slope of Mt. Rocciamelone (Fig. 1) as reported by Perotto
(1983).
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Table 3 Major- (wt%) and trace- (ppm) element abundances in the ophiolitic metagabbroids of the Susa valley.

RI 9 R278 a b R385 R16 R192 c LYS

Si 02 49.23 51.99 49.40 49.21 51 .43 43.56 43.24 43.97 67.67
TÎ02 0.21 0.42 0.45 0.66 2.10 4.81 4.39 2.93 0.54
Al 202 17.15 13.61 13.72 13.74 10.60 8.60 9.84 9.24 14.03
Fe2Û3tot 4.70 5.64 6.92 8.29 15.09 24.49 21.68 21.37 7.17
MnO 0.07 0.11 0.31 0.24 0.23 0.32 0.29 0.13 0.12
MgO 11.38 10.81 11.25 8.76 7.24 5.50 6.11 5.75 0.53
CaO 11.00 14.11 12.23 10.77 9.86 9.81 10.05 10.76 1.59
Na20 4.06 1.44 2.12 3.78 3.42 2.80 3.68 2.00 7.77
K20 0.05 0.03 0.87 1.09 0.03 0.02 0.08 0.06 0.09
P2O5 0.01 0.02 0.02 0.04 0.01 0.09 0.01 1.40 0.17
H20 2.15 1.83 2.71 3.31 - - 0.62 2.38 0.31

Nb 2 (1) 2 3 4 14

Zr 15 15 15 62 35 1016
Y 6 12 21 32 25 159

Sr 118 130 41 18 67 49
Rb 5 5 5 8 8 5

Ba 12 10 10 10 - 10

Ni 320 293 98 74 87 4.3
Co 34 36 47 44 44 6

Cr 1964 1726 249 (1) 42 8

V 103 166 678 1699 1575 10

Sc 28 47 46 58 53 9.7

a, b, c are average compositions of Cr-diopside gabbro (1 sample), augite gabbros (2 samples) and Fe-Ti gabbros
(3 samples) from the southern slope of Mt. Rocciamelone (Susa valley) provided by Perotto (1983) by XRF analysis.

Totals of major elements have been normalized to 100. Trace-elements have not been determined for samples
a, b, c.

Metagabbroids

They display, a wide spectrum of compositions (Table 2) ranging from
(olivine-) Cr-diopside gabbros high in Mg, Cr, Ni and low in Zr, Y, Fe (samples
R19, R278), through Fe-Ti gabbros (samples R16, R192) rich in Fe, Ti, V and

relatively poor in Mg, to plagiogranite (sample LYS) rich in Si, Na, Zr, Y and

poor in Mg, Cr, Ni, V. Sample R385 is a fine grained Fe-Ti gabbro poorer in
Zr, Fe and Ti and richer in Cr and Mg than the other Fe-Ti gabbros. These

data, in particular the Fe-Ti enrichment (Fig. 2) and the coexistence of olivine
and plagioclase, are consistent with a tholeiitic fractionation at low pressure
and low initial f02 similar to that typical of the oceanic gabbros.

Metabasites

The analyzed metabasites have a basaltic composition (Table 4) comparable
to the other basaltic rocks of the western Alps (Pognante and Piccardo, 1984,
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Fig. 2 Ti02"FeOtot/MgO and FeOtot-FeOtot/MgO diagrams for the basaltic and gabbroid metaophiolites
reported in Tables 3-4. •: basaltic metabasites from the eastern unit, V: basaltic metabasites from the western unit,: gabbroids. The field of the other metabasites from the alpine ophiolites (reported by Pognante and Piccardo,
1984), and the fractionation trend for abyssal tholeiites (a), island arc tholeiites (b-c) and calk-alkaline series

(d-e) (Miyashiro, 1975) are shown for comparison.

with references) and are partly similar to many mid-ocean ridge basalts

(MORB: Sun et al., 1979; Wood et al., 1979). The tholeiitic fractionation trend
and the ocean floor affinity are indicated by the Fe-Ti enrichment (Fig. 2) and
by the Y/Sc-Y, Zr/Y-Zr, P205-Zr, Ti-Cr and Cr-Y diagrams (Fig. 3-4). The

pillow breccias from the western unit (samples CES 1 -2) are richer in P than the
other metabasites and metabasalts from the eastern unit (Fig. 4). Compared to
many MORB, elements lyke Na, K and Ca show a wide compositional range
which reflects alteration during the alpine metamorphism. Alteration is probably

responsible for the high K content of sample VL166 and for the high
FeOtot/MgO ratios of samples ROX9 and FEN. On the basis of these evidences
it is clear that a reliable petrogenetic discussion can be only obtained by considering

the high-field strength elements thought to be relatively immobile during
metamorphic alteration (e.g. Ti, Zr, Y, Nb, P, Cr).

DISCUSSION AND CONCLUSIONS

In spite of the alteration during (and possible before) the alpine metamorphism

the analyzed ophiolites of the Susa valley still show an ocean-floor
tholeiitic affinity which is apparent from the marked trend of Fe-Ti enrichment
and from the P205-Zr, Ti-Cr, Zr/Y-Zr, Cr/Y diagrams (Figs. 2-3-4). As to the
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100 300 10 100

Fig 3 Y/Sc-Y, V-Ti and Zr/Y-Zr diagrams for the analyzed ophiohtes • basalts from the estern unit, V
basalts from the western unit, gabbroids The curve in the diagram Y/Sc-Y is the evolutionary trend for some
alpine ophiolite gabbros (Pognante et al, 1982) In the V-Ti diagram the fields ARC (island-arc series), MORB
(mid-ocean ridge basalts) and ALK (alkalic-series) are after Shervais (1982) In the diagram Zr/Y-Zr the fields
IAB (island-arc basalts), MORB and WPB (within-plate basalts) are after Pearce and Norry (1979), while the
dotted field (alpine ophiolite basalts) is after Pognante and Piccardo (1984)

Fig 4 PTK-Zr, Ti-Cr and Cr-Y diagrams for the analyzed basaltic metabasites alk and th are the fields of the
alkaline and tholeutic basalts (Floyd and Whinchester, 1975), ofb and lkt are the fields of the ocean-floor and of
the island-arc tholentes (Pearce, 1975), while morb, wpb and arc are the fields of the mid-ocean ridge, within-
plate and volcanic-arc basalts (Pearce, 1982) The field of the other alpine basalts is shown dotted for comparison
(references in Pognante and Piccardo, 1984) Symbols as in Fig 2

metabasites, which mainly derive from basalt flows, they plot rather well on a

straight line passing through the origin on diagrams relating two hygromag-
matophile elements (Ti-Zr; Fig. 5). Because ratios between hygromagmatophile
elements showing similar KD only changes as a consequence of heterogeneities
in the mantle source (Wood et al., 1979), an origin from more or less fractionated

melts with normal-MORB affinity produced by partial melting of not very
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Fig. 5 Ti-Zr and Nb-Zr diagrams for the analyzed basaltic metabasites. The fields of some MORB and of some
basalts sampled at different latitude in the north Atlantic (Pearce and Cann, 1973; Sun et al., 1979; Wood et al.,
1979; LE Roex et al., 1982) are shown for comparison. EO is the field of the alpine basalts from the eastern unit,
LA from the Lanzo massif and WO from the western unit (Pognante and Piccardo, 1984). : basalts from
Zermatt (Bearth and Stern, 1979); other symbols as in Fig. 2.

heterogeneous peridotites is suggested. Moreover all the analyzed metabasites
have Ba/Zr (ÖTI5) and Zr/Nb (2977) ratios which, according to Saunders et al.

(1980), are typical of normal-MORB. On the other hand many samples are
relatively enriched in Zr with respect to normal-MORB suggesting higher fractionation

and/or origin by lower degrees of partial melting. In that view the slight
alkaline affinity suggested by the P205-Zr diagram for samples CES 1-2, might
reflect a primary rather than a secondary feature.

As to the intrusive rocks, the compositional data point to a marked tholeiitic
trend of fractionation at low initial fo2- That is also apparent from the crystallization

of progressively evolved mineral phases, as observed in Table 2 and in
other intrusive analogues of the western Alps (Pognante et al., 1982). In terms
of fractionation, being cumulate rocks, the gabbros should not have the composition

of the original liquids from which they crystallized. Indeed they display
different Ti/Zr, Zr/Y, Y/Sc and Ti/V ratios with respect to the basalts and
their composition should reflect the proportion and chemistry of the cumulus
phases with variable amounts of trapped residual liquid. On the other hand the
existence of chilled dykes of Fe-Ti gabbro in the Lanzo peridotites and the
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evolved chemistry of the minerals (Pognante et al., 1982; 1985) suggest that
Fe-Ti gabbros might represent "approximate" liquid compositions. Because
effusive basalts with a comparable geochemistry are very rare in the ophiolites
of the western Alps (Pognante and Piccardo, 1984), the Fe-Ti gabbros could
derive from extremely fractionated liquids which very rarely extruded and

usually crystallized at depth. These liquids either crystallized in the original
magma chamber during complex "cumulus" processes producing sequences
similar to the Rocciavré body, or tapped off intruding as dykes the host perido-
tites as observed at Lanzo. An alternative possibility to an origin by extreme
fractionation is supported by recent experiments (e. g. Dixon and Rutherford,
1979; Philpotts and Doyle, 1983) which suggest that liquids similar to Fe-Ti
gabbros (and to plagiogranites) are produced by liquid immiscibility.

Summing up, the previous evidences indicate that the ophiolites from the
Susa valley traverse in the western Alps should derive from partial melting of
not very heterogeneous peridotites which generated melts similar to those
producing normal-MORB. As already observed by Dal Piaz et al. (1981) and by
Venturelli et al. (1981), the alpine basalts are enriched in hygromagmatophile
elements with respect to normal-MORB. The less depleted character of the
alpine basalts might be a peculiar feature of small and short-lived oceans like the
western Tethys which probably never reached "mature" ocean-ridge-type structures

(Pognante et al., 1986).
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