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ABSTRACT

The Lago Superiore Unit (LSU, Monviso Massif, Italian Western Alps) is a section of fossil oceanic lithosphere
equilibrated to eclogite facies conditions (550 °C - 2.8 GPa) during Alpine subduction (45-40 Ma). It is cut by
two major shear zones, namely the Intermediate (ISZ) and Lower Shear Zone (LSZ), mostly consisting of
serpentinite. The lowermost, serpentine-rich, section of the Lago Superiore Unit, the Basal Serpentinite, separates
the HP ophiolite domain from the underlying continental Dora-Maira Unit.

Here we show that the LSZ and the Basal Serpentinite were active at different stages of the subduction and exhu-
mation history of the complex. Most of retrograde deformation and mineral re-equilibration were localized in the
LSZ. Channelized fluids percolating during this phase chemically homogenized the LSZ serpentinites, that pre-
served their HP mineralogy only locally; the best-preserved relicts of the eclogite-facies high pressure stage
within the LSZ serpentinite are nodules of magnesite (representing former veins) and eclogite blocks. Differently,
the underlying Basal Serpentinite largely escaped the exhumation-related processes and still records the pro-
grade chemical and petrological history of the LSU serpentinite, from ocean-floor hydration to HP metamorphic
conditions.

The Lago Superiore Unit thus represents a snapshot of major Alpine metamorphic and shearing events, from pro-
grade subduction to exhumation. Its km-scale thickness, and the oriented antigorite fabric in the Lower Shear
Zone and Basal Serpentinite makes it a good seismic reflector. This HP ophiolite complex can thus be used as
proxy of a deep (70-80 km) Alpine-type subduction zone, and to better constrain and interpret seismic images

of present-day convergent margins.

1. Introduction

Recent work shows that oceanic (abyssal) and subduction-zone
serpentinites carry volatile and fluid-mobile elements (FME; B, Cs, W,
As, Sb, Be, U) acquired during chemical interaction with circulating
fluids (Deschamps et al., 2013; Kodolanyi et al., 2012; Peters et al.,
2017; Scambelluri et al., 2019; Scambelluri and Tonarini, 2012). The
subduction-zone chemical processing of serpentinite mostly affects
the slices of slab and of supra-subduction mantle rocks that are tecton-
ically accreted along the interface between converging plates and are
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flushed by fluids released by the slab crustal reservoirs (Cannao et al.,
2016; Hattori and Guillot, 2007; Lafay et al., 2013; Scambelluri et al.,
2014; Scambelluri and Tonarini, 2012). The volatile and FME budgets
of oceanic and of subduction-zone serpentinite can be released to meta-
morphic fluids produced by a series of serpentinite dehydration reac-
tions during burial to forearc and sub-arc depths (Deschamps et al.,
2013; Scambelluri et al., 2004, 2015). Tectonic slicing of oceanic slabs
along the subduction interface (Agard et al., 2009; Agard et al., 2018;
Ruh et al,, 2015) and their deformation-enhanced chemical interaction
with slab fluids thus affects the geochemical cycling of volatile and
FME in subduction zones and, consequently, mantle metasomatism
and arc magmatism (Angiboust et al., 2012c; Bebout, 2007; Ribeiro
and Lee, 2017; Scambelluri and Tonarini, 2012). Understanding the for-
mation mechanisms and the architecture of plate interface domains,
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together with their tectonic and chemical processing is thus of primary
interest to interpret fossil and present-day evolutionary aspects of sub-
duction zones (Agard et al., 2018; Bebout, 2007; Breeding et al., 2004).

Much knowledge of the interface domains between convergent
plates arises from seismic tomography showing that they correspond
to 2-8 km-thick layers atop the subducting slab characterized by low
velocity of P and S seismic waves (Bostock et al., 2002; Van Keken
et al., 2002; Wada and Wang, 2009). Recent numerical modelling and
field-based studies of exhumed high-pressure (HP) ophiolite complexes
assessed that serpentine-bearing slices can be tectonically accreted atop
the crustal and sedimentary sequences of the downgoing oceanic plate
(Angiboust et al., 2012c; Cannao et al., 2016; Gerya et al., 2002;
Schwartz et al., 2001). This tectonic movement is not only accompanied
by slab fluid influx (Cannao et al., 2016) but also by seismic activity (as
proposed by Angiboust et al., 2012a). However, the resolution of geo-
physical data does not enable to image the main structures
accomplishing tectonic accretion of slab and mantle wedge slices at
the plate interface, so to define the architecture and rock composition
of such settings. Structural, petrological and geochemical studies of fos-
sil subduction environments are crucial to define the above features and
to assessing the mechanisms of coupling/decoupling of oceanic
(ophiolitic) slices in the subduction interface (Agard et al., 2009, 2018).

Here we present the petrological and geochemical study of two ad-
jacent serpentinite shear zones, the Lower Shear Zone (LZS) and the
Basal Serpentinite from the Lago Superiore Unit (LSU; Fig. 1a) of the
Monviso Massif (Western Italian Alps). This is a well preserved section

of fossil oceanic lithosphere involved in Alpine subduction and key ex-
ample of high-pressure ophiolite detached from the down-going oce-
anic slab at 80 km depths and tectonically accreted to plate interface
settings (Angiboust et al.,, 2011; Angiboust et al.,, 2012b; Locatelli et al.,
2018, 2019; Lombardo et al., 1978). Our aim is to characterize the
pressure-temperature conditions at the time of shear zone activity,
the extent of fluid-rock interaction in serpentinites, and the timing of
serpentinite coupling/accretion along the subduction interface.

2. Geologic background

The Monviso metaophiolite Massif is located in the Western
European Alps (Fig. 1) and crops out along the French-Italian border
for ~30 km (Lombardo et al., 1978). It belongs to the Jurassic Ligurian
Piemontese oceanic domain and was involved in Alpine subduction
about 46 million years ago (Agard et al., 2009; Lombardo et al., 2002;
Rubatto and Hermann, 2003). It consists of ophiolitic units made of
calcschist, pillow lava, metagabbros, and serpentinite (Fig. 1a-b) formed
in the Jurassic Ligurian Tethys and later involved in the Alpine subduc-
tion and exhumation orogenic cycle (Lombardo et al., 1978). Successive
field and petrologic studies performed on the Monviso Massif have re-
fined interpretations of its tectonic structure, from a set of tectonic
units showing different peak metamorphic conditions and assembled
in the so called ‘subduction channel’ (Guillot et al., 2004) to the exis-
tence of two coherent oceanic units separated by west-dipping shear
zones (Angiboust et al., 2012b; Angiboust et al., 2014; Lombardo et al.,
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Fig. 1. (a) Geological sketch of the Lago Superiore Unit at Monviso, after Lombardo et al. (1978) and Angiboust et al. (2014). Dashed lines delineate, from West to East, the Upper,
Intermediate, and Lower Shear Zones, respectively. The Basal Serpentinite and the Lower Shear Zone contain numerous pods and breccias of various sizes (1 to 20 m). While larger
pods are shown in the map, smaller ones are omitted to increase map readability. See Angiboust et al. (2012a) and Locatelli et al. (2018) for a detailed study and classification of such
eclogites. The black line delineates the profile in (b). The map inset at bottom left of the figure shows the position of the Lago Superiore Unit in the Western Alps. (b) Schematic profile
of the structure of Lower Shear Zone and Basal Serpentinite. ftg, FeTi-gabbro; ms, metasediments; ecl, eclogite (Basal Serpentinite); rg, rodingite. (c) PT estimates for the Lago
Superiore Unit at Monviso. The black arrow summarizes the PT path of the Lago Superiore Unit (Angiboust et al., 2014). Antigorite dehydration reactions after Bretscher et al., 2018.



1978). Balestro et al. (2015) and Festa et al. (2015) also proposed that
the Monviso metaophiolite partly derives from an oceanic core complex
and preserves some original geometries and lithological relationships
despite the subduction and exhumation cycle, similar to what has
been observed in the Alpine Corsica (Brovarone et al.,, 2011).

Following the early the work by Lombardo et al. (1978),
thermobarometric estimates on mafic eclogites resulted in contrasting
peak P-T conditions from 450 to 650 °C and from 1.2 to 2.4 GPa
(Fig. 1c; Blake Jr et al,, 1995; Messiga et al., 1999; Schwartz et al.,
2000; Castelli et al., 2002; Groppo and Castelli, 2010). Angiboust et al.
(2012b) suggested that this difference stems (i) from comparing differ-
ent methods with large uncertainties, (ii) from poorly constrained min-
eral and bulk rock Fe>* and (iii) from prominent variations in bulk-rock
composition. They performed new geothermobarometric estimates for
the Monviso area and identified two main tectonic units based on struc-
tural and petrologic criteria. These are the Monviso Unit s.s., equilibrated
at 480-500 °C and 2.1-2.2 GPa, and the Lago Superiore Unit, that expe-
rienced homogeneous eclogite facies conditions at higher P-T condi-
tions of 530-550 °C and 2.6-2.8 GPa (see also Locatelli et al., 2018).
Balestro et al. (2014) performed a similar subdivision of the Monviso
metaophiolite into Upper and Lower Tectonic Unit (i.e. Monviso Unit
s.s. and Lago Superiore Unit respectively). In this work, we employ sub-
divisions and nomenclature from Angiboust et al. (2012b) and Locatelli
et al., 2018.

According to the recent work by Angiboust et al. (2012b), Angiboust
et al. (2014), Locatelli et al. (2018) and Locatelli et al. (2019), the two
main tectonic units composing the Monviso Massif record distinct struc-
tural and petrological histories and are separated by a series of 1-50 m
thick mylonitic serpentinite slivers (Fig. 1a-b). The Monviso Unit in-
cludes the classical Vallanta and Costa Ticino units defined by
Lombardo et al. (1978) and represents an overturned sequence of
Mg—Al gabbros overlying pillow basalts and metasediments
(Angiboust et al., 2012b). The Lago Superiore Unit (Fig. 1a) consists,
from top to bottom, of (1) calcschists and metabasalts, (2) a variably
thick sequence of metagabbros cross-cut by Fe—Ti gabbros, and
(3) serpentinite hosting Mg—AIl and Fe—Ti eclogitic metagabbros,
plagiogranite (Castelli et al., 2002; Castelli and Lombardo, 2007) and
jadeitite (Compagnoni et al., 2007). It is cut by a shear zone (the
Lower Shear Zone, LSZ) that separates the above sequence from a
300 m-thick Basal Serpentinite layer (Fig. 1a-b; Guillot et al., 2004;
Auzende et al., 2006). The Lago Superiore Unit underwent eclogitization
and intense deformation during the Alpine subduction event
(Angiboust et al., 2012b, 2014; Groppo and Castelli, 2010; Locatelli
et al., 2018; Locatelli et al., 2019; Lombardo et al., 1978).

A serpentine-rich shear zone, referred to as the Upper Shear Zone
(USZ; Fig. 1a), divides the Lago Superiore Unit from the Monviso Unit
(Angiboust et al., 2014). Moreover, two eclogite-facies shear zones,
the Intermediate Shear Zone (ISZ) and the Lower Shear Zone (LSZ;
Fig. 1a), cross-cut the Lago Superiore Unit (Angiboust et al., 2014).
Within the ISZ, Fe—Ti metagabbros underwent eclogite facies deforma-
tion forming planar omphacite + garnet fabrics (Philippot and van
Roermund, 1992) and HP omphacite crack-seal veins (Philippot and
Kienast, 1989; Philippot and Selverstone, 1991; Spandler et al., 2011).
The LSZ (which also includes the Baracun Shear Zone described in
Balestro et al., 2015, 2018) defines the contact between the Lago
Superiore Unit and the Basal Serpentinite, which in turn lies on top of
the Dora-Maira massif. It consists of deformed eclogite, eclogite breccias
(Angiboust et al., 2012a), metagabbros and metasediments enclosed in
a strongly foliated serpentinite matrix and was affected by mass ex-
change, metasomatism and fluid flux during eclogite facies conditions
and exhumation (Angiboust et al., 2014).

Uranium-Pb zircon dating of the Monviso meta-igneous rocks yields
late-Jurassic oceanic crystallization ages throughout the entire unit
(152 4+ 2 Ma, Lombardo et al.,, 2002; 163 4+ 2 Ma, Rubatto and
Hermann, 2003). This suggests that the entire intrusive sequence at
Monviso formed within ~10 Myrs, during Callovian to Kimmeridgian

times (Lombardo et al., 1978). Dating the Alpine eclogitic event yielded
contrasting results. Cliff et al. (1998) reported Sm—Nd ages of 60 + 12
and 62 + 9 Ma, whereas Duchéne et al. (1997) reported Lu—Hf ages of
49.2 4+ 1.2 Ma. Monié (1989) achieved Ar/Ar ages of 48-50 Ma, which
are potentially affected by excess argon as suggested by Rubatto and
Hermann (2003). More recent dating of metamorphic zircon inclusions
inside an omphacite vein yielded an age of 45.0 + 1.0 Ma (Rubatto and
Hermann, 2003), consistent with the Rb—Sr age on phengite of 40 +
1.0 Ma (cooling age to below 500 °C) reported by (Cliff et al,, 1998).

3. Analytical methods

The main analytical methods are only briefly described here and fur-
ther detailed in the Repository Database.

Bulk rock major element concentrations were measured either by
XRF at the Activation Laboratories in Toronto, Canada, or by the laser-
ablation ICP-MS pressed powder pellet (LA-ICP-MS PPP) technique at
the University of Bern, Switzerland (Peters and Pettke, 2017). Trace el-
ement measurements were done either by liquid-mode ICP-MS at the
University of Montpellier (F) following the procedures described in
Ionov et al. (1992) and in Godard et al. (2000) or by LA-ICP-MS PPP at
the University of Bern, Switzerland. Strontium and Pb isotope ratio mea-
surements were performed using a Finnigan MAT 262 multiple collector
thermal ionization mass spectrometer (TIMS) at IGG-CNR of Pisa (Italy).
Strontium ratios are reported with age correction (45 Ma; Rubatto and
Hermann, 2003) using Rb and Sr concentrations obtained from liquid
mode ICP-MS measurements, respectively. Lead isotopic ratios were
not corrected for their age due to very low U/Pb ratios measured in
serpentinite.

In-situ major element (SiO,, TiO,, Al,03, Cr,03, FeO, Fe,03 estimated
from stoichiometries, MgO, MnO, CaO, NiO, Na,0, and K,0) composi-
tions of minerals were measured using a JEOL JXA 8200 Superprobe
equipped with five wavelengths-dispersive (WDS) spectrometers, an
energy dispersive (EDS) spectrometer, and a cathodoluminescence de-
tector (accelerating potential 15 kV, beam current 15 nA), operating at
the Dipartimento di Scienze della Terra, Universita di Milano.

4. Field Occurrence of the investigated samples

The LSZ is a variably thick (40-150 m) and 5 km long highly de-
formed west-dipping serpentinite zone which separates the main sec-
tion of the Lago Superiore Unit (metagabbros and metabasalts) from
the Basal Serpentinite (Fig. 1a-b). It consists of strongly foliated
antigorite serpentinite (Fig. 2a) and local chlorite-schists embedding
magnesite nodules (Fig. 2b) and metagabbro blocks of various typology
and dimension. Such metagabbro blocks range from mylonite to brec-
cias and belong to eclogitic Mg—AI and Fe—Ti metagabbro bodies of
the LSU, cropping out at the top of the LSZ (Fig. 1a-b). Locatelli et al.
(2018) performed a detailed statistical study of the occurrence and fab-
ric of such blocks, distinguishing three main types: (1) brecciated Fe—Ti
gabbros near the upper section of the LSZ; (2) unbrecciated decametric
slivers of Mg—Al gabbros; and (3) unbrecciated Fe—Ti gabbros, located
towards the bottom of the LSZ.

The Basal Serpentinite consists of strongly foliated olivine-antigorite
serpentinite with decimeter-thick, boudinaged rodingite dykes and
subordinate eclogite, generally found along the top boundary Fig. 2c.
The foliated Basal Serpentinite embodies some little deformed domains
(e.g. Pian del Re area; Fig. 1) showing a well-preserved mantle texture
and clinopyroxene relicts. In the undeformed serpentinite, the mantle
olivine and pyroxene sites are still recognizable due to their characteris-
tic replacement texture consisting of mesh antigorite + magnetite after
primary mantle olivine and of pseudomorphic antigorite after primary
mantle clinopyroxene. Most eclogite blocks in the Basal Serpentinite
preserve the original magmatic fabric, however some eclogite Fe—Ti
gabbroic pods, more numerous in the upper portion of the Basal
Serpentinite, show no difference to the Fe—Ti breccias (except that



Fig. 2. Field photograph from the Monviso area. (a) Foliated serpentinite from the Lower Shear Zone; (b) Magnesite nodule within serpentinite from the Lower Shear Zone; (c) Massive
serpentinite from the Basal Serpentinite; (d) Olivine + Ti-clinohumite + magnetite veins cutting through a massive serpentinite from the Basal Serpentinite.

they are not brecciated) nor to the unbrecciated blocks (type 3; Locatelli
et al,, 2018) found at the base of the LSZ. A peculiar feature of the Basal
Serpentinite is the widespread occurrence of 1-2 cm thick olivine + Ti-
clinohumite 4+ magnetite veins (Fig. 2d), generally cutting the massive
serpentinite domains or aligned parallel or sub-parallel to the high-
pressure (HP) olivine + antigorite foliation.

The boundary between the LSZ into the Basal Serpentinite is gradual
and generally ascribed to an arbitrary divide between serpentine schists
(LSZ) and a more competent serpentinite associated with olivine veins
and metarodingite (Angiboust et al., 2014; Locatelli et al., 2018). To
the contrast, the lower contact of the Basal Serpentinite with the

Table 1

Dora-Maira Massif consists of a sharp lithological boundary where the
serpentinite shows a pervasive foliation defined by a 5-10 m thick
olivine-free antigorite serpentinite.

In this work, we sampled eclogite, serpentinite and
metasedimentary rocks along two cross-sections from the top of the
LSZ to the bottom of the Basal Serpentinite, near the contact with the
Dora-Maria Massif (Fig. 1b). The main collected samples (names
GLSZ14- are abbreviated to #), their location and mineralogy are sum-
marized in Table 1. In the LSZ, we collected four antigorite serpentinites
(#01, #02, #11, #25), one eclogite (#12A), two metasediments (#13A,
#13B) and two magnesite veins in serpentinite (V1, V2). In the Basal

Samples, GPS coordinates and mineral assemblages collected along a cross section from the top of the Lower Shear Zone to the bottom of the Basal Serpentinite, Lago Superiore Unit

(Monviso ophiolite). GPS coordinate system: WGS84 - UMT zone 32 N.

Sample name Rock type Mineral assemblage GPS coordinates
North East
LSZ GLSZ1401 Foliated serp. Atg, Mt,, Chl 4,947,261 351,955
GLSZ1402 Foliated serp. Atg, Mt., Chl 4,947,261 351,955
GLSZ1411 Foliated serp. Atg, Mt., Chl 4,950,153 349,289
GLSZ1412A Eclogite Grt, Omph, Rt 4,950,153 349,289
GLSZ1413A Calcschist Cal, Qtz, Wmca 4,947,187 351,849
GLSZ1413B Quartzite Qtz, Ep, Wmca, Gr 4,947,187 351,849
GLSZ1425 Foliated serp. Atg, Mt., Chl 4,944,540 352,221
V1-v2 MgsVein Mgs, Tlc, Atg n.m. n.m.
Basal serpentinite GLSZ1406 Eclogite Grt, Omph, Rt 4,948,021 352,466
GLSZ1408 Foliated serp. with mantle relics Atg, Chl, Mt., Aug 4,948,089 352,470
GLSZ1409A Foliated serp. with mantle relics Atg, Chl, Mt., Aug 4,948,089 352,470
GLSZ1410A Foliated serp. with mantle relics Atg, Chl, Mt., Aug 4,948,089 352,470
GLSZ1410B Olivine vein 0l, Atg, Chl, Di 4,947,176 352,565
GLSZ1414 Diopside vein Di, Mt,, Atg, Chl 4,951,498 349,838
GLSZ1415 Foliated serp. Atg, Chl, Mt 4,945,233 351,892
GLSZ1416 Ti-cl Vein Ti-Cho/Cl, Di, Ol, Mt., Chl, Atg 4,945,233 351,892
GLSZ1417 HP Serpentinite 0l, Atg, Chl, Di, Cal 4,947,020 352,444
GLSZ1418 Ti-cl Vein Ti-Cho/Cl, Di, Ol, Mt., Chl, Atg 4,946,950 352,435
VI1304 Serp. with bastite and mesh structures Serp, Chl, Mt 4,951,498 349,838




oI

#1413ARHN
g 4

Fig. 3. Representative microstructures from the Lower Shear Zone lithologies. (a) Single- and (b) cross-polarized thin section images of foliated LSZ serpentinite. Note Atg(1)"5?
microlithons surrounded by an Atg(2)" foliation; (c) BSE image of a dolomite crystal with a corroded magnesite core, surrounded by talc. Note the white, needle-like calcite crystals
replacing dolomite along micro-fractures; (d) BSE image of a brecciated magnesite crystal with cracks cemented by calcite; (e) Deformed and boudinaged HP magnesite vein in
serpentinite wrapped by retrograde olivine-free Atg(2)" foliation; (f) Calcschists from Colletto Fiorenza's metasediments; (g) Eclogite from the Lower Shear Zone consisting of atoll-
type garnets surrounding omphacite crystals; (h) BSE image of garnet, omphacite, chlorite and rutile in LSZ eclogite. Note Mg-rich chlorite (black) in equilibrium with garnet and
omphacite.



Serpentinite, we collected one eclogite (#06), six serpentinites (#09A,
#10A, #14, #15, #17, VI13-04), one olivine vein (#10B) and two olivine
+ Ti-clinohumite veins (#16, #18).

5. Petrography and microstructure
5.1. Lower shear zone

5.1.1. Serpentinite

Serpentinites (#01, #11, #25) mainly consist of antigorite (Atg),
chlorite (Chl) and rare magnetite (Mag) mylonites (Fig. 3a-b). Two gen-
erations of antigorite can be recognized: Atg(1)'S? microlithons are
wrapped by tiny spaced (10-20 pm; Fig. 3a-b) Atg(2)"? lying along
the mylonite-foliation, which is locally crenulated (#02). Five to ten
mm-sized domains with magnesite (Mgs), talc (Tal) and dolomite
(Dol) are stretched along the Atg(2)" foliation (Fig. 3c-d-e) and may
represent former veins. Magnesite forms up-to-1-cm large
porphyroclasts. Talc inclusions in magnesite display regular grain
boundaries, suggesting magnesite and talc coexisted at the same P-T
conditions. Magnesite locally re-crystallizes into smaller, mm-sized sec-
ondary dolomite. Dolomite also occurs in large crystals, epitaxially re-
placing the original magnesite, whose remnants are still preserved in
the dolomite cores (Fig. 3¢). In a few cases, magnesite and the secondary
dolomite are brecciated and cemented by late-stage calcite (Cal;
Fig. 3d). Neither metamorphic olivine (Ol), Ti-clinohumite (Ti-Chu)
and diopside (Di), nor clasts of mantle minerals, have been found in
LSZ serpentinites.

5.1.2. Metasediments

We have sampled a large metasediment sliver (20-30 m-thick)
consisting of quartzite (#13B) and calcschist (#13A; Fig. 1a) cropping
out near Colletto Fiorenza (Fig. 1a). The calcschist (Fig. 3f) consists of
calcite, quartz (Qz), white mica, and epidote (Ep). The quartzite consists
of coarse quartz(1), epidote(1) and white mica(1) porphyroclasts,
stretched along the foliation and locally recrystallized to smaller grains,
i.e. quartz(2), epidote(2), and white mica(2). Cm-sized domains of epi-
dote and white mica including a pervasive graphitic foliation can be
regarded as lawsonite pseudomorphs (Angiboust et al., 2012b; Groppo
and Castelli, 2010).

5.1.3. Eclogite

The eclogite from Colletto Fiorenza (#12A) consists of garnet (Grt),
omphacite (Omp), rutile (Rt), and chlorite (Fig. 3g-h). It displays a lay-
ered structure with alternating omphacite- and garnet-rich domains,
broadly parallel to the mylonitic foliation of serpentinites. Rutile is
equally distributed in both domains. Omphacite domains consist of
fine-grained omphacite(2), generally oriented along the foliation, wrap-
ping around rare larger omphacite(1) porphyroclasts and/or coarse-
grained omphacite clusters. The garnet rich domains often display
atoll-like structures (Fig. 3g), surrounding large omphacite(1) crystals.

5.2. Basal serpentinite

Sample VI13-04 (Fig. 4a) is a relatively undeformed serpentinite
preserving mesh structures and bastites attributable to static
serpentinization of mantle olivine and pyroxene, respectively. In some
serpentinite samples (#09A and #10A), primary mantle clinopyroxene
is also preserved (Fig. 4b). Primary mantle olivine was not found in
this study but is reported by Lombardo et al. (1978). Similarly, chryso-
tile and/or lizardite predating antigorite growth have not been found.

The Basal Serpentinite (#09A, #10A, #15) records the transition
from static, undeformed serpentinite to deformed serpentinite, repre-
sented by bastite, mesh textures, and rare chlorite + magnetite pseudo-
morphs after spinel, stretched along an antigorite foliation. The latter
(present in samples #09A and #10A) wraps around original,
porphyroclastic mantle clinopyroxene (Fig. 4b). These samples show

no metamorphic olivine growth and may be considered as records of
the prograde subduction history at Monviso.

The above antigorite foliation is cut by a mylonitic, olivine-bearing
foliation (sample #17). The olivine-bearing foliation encloses
microlithons of antigorite + brucite replaced by secondary olivine
(Fig. 4c-d), thus showing a transition from prograde to HP metamorphic
conditions. Furthermore, brucite is also found in pressure-shadows
around bastite (Fig. 4d), suggesting it was stable with the HP olivine
foliation.

Three types of veins have been distinguished based on the relative
abundance of the dominant vein minerals: (1) diopside (#14), (2) Ti-
chondrodite/clinohumite veins (#16, #18; Fig. 4e-f), and (3) olivine
(#10B; Fig. 4g). Diopside veins consist of coarse grained diopside
(1) mantle relicts, locally recrystallized into diopside(2) and chlorite.
Ti-chondrodite/clinohumite veins (Fig. 4e-f) consist of Ti-chondrodite/
clinohumite, olivine, chlorite, antigorite, and magnetite. Ti-
chondrodite forms mm-sized crystals in equilibrium with olivine(1),
magnetite, and chlorite. However, Ti-chondrodite crystals are in part
statically recrystallized into olivine + Ti-clinohumite (Fig. 4f). Olivine
veins consist of olivine, antigorite, and magnetite (Fig. 4g). A second
generation of metamorphic olivine locally replaces antigorite (Fig. 4g).

5.2.1. Eclogite

Mafic eclogite (#06) consists of garnet, omphacite, and rutile
(Fig. 4h). Garnet forms large (up to 5 mm), idiomorphic porphyroblasts
with an inclusion-rich core (mostly omphacite) and an inclusion-free
rim. Omphacite is smaller (<1 mm) and forms the rock’s matrix. Rutile
is only preserved in some titanite cores. Retrograde chlorite grows after
HP garnet and omphacite. This rock is granular and lacks any recogniz-
able structures at the meso- and micro-scale that can be associated with
the hosting Basal Serpentinite.

6. Bulk rock and mineral chemistry
6.1. Bulk-rock Compositions

The bulk-rock major and trace element compositions of
serpentinites, metasediments, and eclogite from the Lower Shear Zone
and from the Basal Serpentinite are shown in Tables 2 and 3 and in Re-
pository Data (Repository_ EMP.xIsx). Major element compositions are
illustrated in Fig. 5a-b-c, and the Rare Earth Elements (REE), normalized
to CI chondrite (McDonough and Sun, 1995), and Trace Element (TE),
normalized to the primitive mantle (McDonough and Sun, 1995) in
Figs. 6 and 7, respectively.

6.1.1. Major elements

The LSZ serpentinites display a rather homogeneous composition
(light green dots in Fig. 5a-b-c). Data show a depletion in CaO (1.2 to
0.02 wt%) with respect to Al,03 (1.2-3.0 wt%, Fig. 5a). These low abun-
dances of CaO reflect partial lost during seafloor hydration, due to LT
serpentinization of mantle diopside. The FeO and MgO compositions
of LSZ serpentinite (Fig. 5b) are rather homogeneous, with FeO =
7.4-8.3 (note that in Table 2 FeO is expressed as Fe,0%, representing
total iron expressed as Fe,;O3 in absence of measured FeO and Fe,03
compositions) and MgO = 36.3-36.7. These very similar Fe—Mg values
indicate that the LSZ was a homogenous peridotite of harzburgitic com-
position, at least regarding the major element composition. The magne-
site vein hosted in serpentinite show the composition of a ternary
carbonate with loss on ignition (L.0.I.) = 46 wt% and MgO, FeO and
Ca0 34.7,10.0 and 5.2 wt%, respectively (Table 2). The SiO, content in
the vein is about 1.1 wt%, possibly reflecting talc inclusions in
magnesite.

The LSZ metasediments include quartz-micaschists and calcschists.
Quartz-micaschists (#13B) have SiO, = 57.8 wt% and Al,03 of 20.8 wt
%. The calcschist layers (#13A) display 42.4 wt% CaO and a L.O.I. =
34 wt%. The composition of the LSZ eclogite (#12A) is close to the one



Fig. 4. Representative microstructures from the Basal Serpentinite. (a) Undeformed serpentinite (VI13-04) still preserving relicts of oceanic serpentinization textures: bastites after mantle
orthopyroxene and antigorite + magnetite mesh structures after mantle olivine; (b) Microlithon in deformed serpentinite preserving corroded and partially serpentinized relicts of
mantle clinopyroxene; (c) The HP olivine-bearing foliation of the serpentinite wrapping around a microlithon containing prograde brucite (BSE image); (d) BSE image of a HP
serpentinite foliation consisting of olivine, antigorite and magnetite, wrapping around a former bastite; (e) Metamorphic vein consisting of a fine inter-growth of olivine and Ti-
chondrodite/Ti-clinohumite. The Ti-bearing phases cannot be distinguished from each other with transmitt