
INTRODUCTION

The term “rodingite” has been introduced for the first
time to describe altered gabbros from the New Zealand ser-
pentinitic massif (Bell et al., 1911) and then it has been em-
ployed for all rocks affected by Ca-metasomatism. The defi-
nition of rodingite proposed by “IUGS Subcommission on
the Systematic of Metamorphic Rocks” (Zharikov et al.,
2007) highlights that rodingite “is a metasomatic rock pri-
marily composed of grossular-andradite garnet and calcic
pyroxene”. Other minerals as vesuvianite, epidote, scapolite,
and iron ores are typical accessories.
Rodingitization usually involves mafic rocks as gabbro

and basalt associated with serpentinized ultramafic rocks in
the Archean - Paleoproterozoic mafic-ultramafic sequences
(e.g., Anhaeusser, 1978; Schandl et al., 1989; Attoh et al.,
2006), in the metamorphosed and un-metamorphosed ophi-
olitic complexes (e.g., Dubinska and Wiewiora, 1999;
Hatzipanagiotou and Tsikouras, 2001; Hatzipanagiotou et
al., 2003; Li et al., 2004; 2008), and in the present-day
ocean floor (Honnorez and Kirst, 1975; Johnson, 1992;
Fruh-Green et al., 1996; Kelemen et al., 2003). The chemi-
cal reactions that produce Ca-rich, SiO2-undersatured meta-
somatic rocks (Coleman, 1966; 1977; Sarp and Deferne,
1978; Schandl et al., 1989) are due to fluids circulation. The
source of this fluids could be related to serpentinization
(Coleman, 1967; Honnorez and Kirst, 1975; Sarp and De-
ferne, 1978), but some studies suggest that the source of
rodingitization is a Ca-rich hydrothermal fluid not related to
serpentinization (e.g., De, 1972; Hall and Ahmed, 1984;
Hatzipanagiotou and Tsikouras, 2001).
This paper documents the occurrence of rodingites within

the Mount Avic massif, pertaining to the metaophiolite
nappe system of the Italian Western Alps. Our aim is to de-
scribe in detail the mineralogical and textural features of
rodingitic dykes and to discuss their metasomatic and meta-
morphic evolution.

GEOLOGICAL SETTING OF THE NW
ALPS OPHIOLITES

The meta-ophiolites of the NW Alps (Fig. 1) are rem-
nants of the Mesozoic Tethyan Ocean involved into subduc-
tion during the convergence between the European and
African Plates, started in the Cretaceous (Bearth, 1967; Dal
Piaz et al., 1972; Caby et al., 1978; Martinotti and Hunziker,
1984; Nicolas et al., 1990; Polino et al., 1990; Stampfli and
Marchant, 1997). In the southern Swiss area and in the
northern Aosta Valley (north of the Aosta-Ranzola fault,
ARF in Fig. 1) two main Alpine ophiolite units have been
defined: the Zermatt-Saas (ZS) Unit and the Combin (CO)
Unit (Bearth, 1967; Dal Piaz and Ernst, 1978; Sartori and
Thelin, 1987; Ballévre and Merle, 1993; Michard et al.,
1996). The ZS ophiolite represents the oceanic lithosphere
of the Piemontese-Ligurian basin. It consists of former man-
tle rocks, today represented by antigorite-Ti-clinohumite
schists cut by rodingitic dykes (Bearth, 1967; Dal Piaz,
1967), metagabbroic bodies (e.g., Allalin gabbro; Chinner
and Dixon, 1973), and metabasalts (basalt flows, pillow
lavas and hyaloclastites) hosting sulphide-ore deposits. The
ZS ophiolite is capped by a meta-sedimentary cover consist-
ing of metacherts, some with manganiferous oxides and sili-
cates, marble, calcschists. In the Riffelberg-Garten area
(Swiss side) and in the Breuil-Ayas area (Italian side), the
ZS cover includes a heterogeneous volcano-sedimentary
unit consisting of volcanic turbidites (Dal Piaz, 1965;
Bearth, 1967; Campari et al., 2004). The CO Unit is made
of metasediments (calcschists and quarzitic schists) in-
terbedded with slices of prasinite, metagabbro, and serpenti-
nite. At the base of the Combin Unit, exotic sheets of conti-
nental origin occur, known as the Frilihorn series on the
Swiss side (Marthaler, 1984; Sartori and Thelin, 1987), and
as the Pancherot-Cime Bianche Bettaforca Unit on the Ital-
ian side (Dal Piaz, 1988).
The ZS and CO thrust Units differ for their contrasting
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ABSTRACT

The Mount Avic ophiolite mainly consists of a large mass of serpentinites, which constitutes the base of a subunit of the Piemonte ophiolitic nappe. Ser-
pentinites represent the mantle portion of the oceanic lithosphere of the Mesozoic Tethys and consist of antigorite-titanian clinohumite-diopside schists as
products of oceanic metasomatism and tectono-metamorphic evolution of the Alpine orogeny, at the expense of abyssal peridotite mineral assemblage. The
serpentinite mass includes metagabbro pods (without metasomatic alteration) and associated rodingitic dykes. Various rodingitic dykes can be distinguished
on the basis of their mineralogical assemblages. The main assemblage consists of ugranditic garnet, chlorite ± diopside ± epidote ± vesuvianite. We observed
also some other peculiar rodingites such as vesuvianite-chlorite-, diopside-epidote-chlorite-, and diopside-chlorite-bearing rodingites, as distinctive of the
Mount Avic massif, as well as rodingitic reaction zones and foliated rodingites with chlorite, diopside, or epidote. These mineral assemblages are strictly re-
lated to the chemistry of the protolith (probably mafic dykes within serpentinite), as well as to the oceanic rodingitization during the serpentinization event
and to the Alpine evolution that affected the Mount Avic massif.
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metamorphic evolution during the Alpine orogeny. The ZS
is characterized by LT-HP to UHP mineral assemblages of
early Alpine age (e.g. garnet, omphacite, rutile, zoisite in
Fe-Ti-metagabbros and metamorphosed basalts; coesite in
metaquartzites). These assemblages attest a fossil subduc-
tion zone (Dal Piaz et al., 1972; Ernst and Dal Piaz, 1978;
Oberhaensli, 1980; Reinecke, 1991; Van der Klauw et al.,
1997). They were later overprinted, during a polyphase de-
compressional evolution, by blueschist (glaucophane, chlo-
ritoid, white mica) to greenschist (actinolite, albite, chlorite,
epidote) facies assemblages (Bearth, 1967; Dal Piaz and
Ernst, 1978; Barnicoat and Fry, 1986). Recent estimations
of the P-T conditions in the ZS Unit (Pfulwe eclogites and
glaucophanites) suggest a peak eclogite-facies metamor-
phism at 2.7-2.8 GPa and 580°C (Bucher et al., 2005). Glau-
cophane-bearing metabasalts, interpreted as being hydrated
during ocean-floor metamorphism, may be coeval with
eclogites deriving from unaltered basalts (Oberhaensli,
1982; Martin and Tartarotti, 1989; Bowtell, 1991). The CO
Unit mostly displays greenschist facies mineral associations
(actinolite, albite, chlorite, epidote), although rare blueschist
facies minerals (e.g., sodic amphibole) have been found
(Cortiana et al., 1999; Desmons et al., 1999).
In the southern Aosta Valley (NW Italian Alps), south of

the ARF (Fig. 1), metaophiolites belong to the Piemonte
ophiolitic nappe. Due to their lithological association and

metamorphic imprint, these ophiolites are similar to the ZS
Unit comprising antigorite-Ti-clinohumite-bearing serpen-
tinites, minor Fe-Ti- and Mg-metagabbros, metabasalts, and
meta-sedimentary rocks that experienced early Alpine meta-
morphism under eclogite-blueschists facies conditions
(Baldelli et al., 1985; Castelli, 1985; Ballévre et al., 1986;
Martin and Kienast, 1987; Benciolini et al., 1988; Martin
and Tartarotti, 1989; Novo et al., 1989; Tartarotti and Cau-
cia, 1993). The Mesozoic sequence is overthrust by the pre-
Triassic Austroalpine Mt. Emilius, Glacier-Rafray and Tour
Ponton klippen (Fig. 1). The oceanic crustal units are well
exposed in the Clavalité - St. Marcel area (Fig. 1), where
they are mainly represented by eclogitic Fe-Ti- and Mg-
metagabbros, gabbro-derived metarkose, garnet-lawsonite
(pseudomorphed)-bearing glaucophanites including
eclogitic boudins, garnet-chloritoid chloriteschists, minor
talcschists (Nervo and Polino, 1977; Krutow-Mozgawa,
1988; Tartarotti, 1988; Martin and Tartarotti, 1989; Martin
et al., 2008). The meta-sedimentary cover mainly consists,
from bottom to top, of deep sea Mn-Fe-rich metacherts,
marble and calcschists which are equivalent to the Upper
Jurassic-Lower Cretaceous sediments of the Ligurian Apen-
nines (Tartarotti et al., 1986). The mantle section is repre-
sented by widespread serpentinite sheets and by a huge ser-
pentinite massif cropping out in the Mount Avic area (Figs.
1 and 2). Estimations of the peak P-T conditions in the St.
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Fig. 1 - Tectonic sketch-map of the internal
NW Alps showing the occurrence of
metaophiolites (Baldelli et al., 1985). 1) Low-
er Penninic nappes and Valais calcschists
zone. 2) Subbriançonnais (a) and Briançon-
nais (b) units. 3) Upper Penninic Monte Rosa
(MR), Arcesa-Brusson (AB) and Gran Par-
adiso (GP) nappe system. 4) Piedmont Ophio-
lite nappe system: a) dominantly sedimentary
units including thin sheets derived from ocean
facing continental edges (Combin type); b)
dominantly ophiolitic units with eclogitic
metamorphism (Zermatt-Saas type). 5) Aus-
troalpine Sesia-Lanzo (SL) and Dent Blanche
(DBL) nappe system, including Mt. Emilius
(E), Glacier Rafray (GR), Tour Ponton (TP)
and Santanel (S) southern Klippen. 6) South-
ern Alps. ARF: Aosta-Ranzola fault. Grey
box represents the study area (Mount Avic
serpentinitic massif).
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Marcel Valley ophiolites have been recently performed by
Martin et al. (2008), yelding temperature values of 550 ±
60°C and pressure values of 2.1 ± 0.3 GPa, that are higher
than those previously calculated in the same area by other
authors. 

FIELD RELATIONS

The Mount Avic is a huge massif of serpentinized mantle
peridotite (Figs. 1 and 2) that crops out as a tectonic window
south of the ARF, in the eastern part of the EW-trending
Aosta Valley (Tartarotti and Martin, 1991; Diella et al.,
1994; Fontana et al., this volume). The exposed serpentinite
area is about 180 km2 wide. In this paper we deal with the
southern area of the Mount Avic serpentinite massif. Ser-
pentinites contain metamorphosed mafic bodies and rodin-
gites, with minor chloriteschist and talcschist lenses. Meta-
morphosed mafic rocks occur either as tectonized pods, sur-
rounded by serpentinites, or as tectonic sheets. The latter
consist of mafic rocks with rodingitic reaction zones, often
associated with calcschists slices, and sulphide-rich epi-
dosites. All these rock types build up a few hundreds me-
ters- thick crustal unit overthrusting the Mount Avic serpen-
tinitic Unit (Fig. 3).

Serpentinites
Serpentinites occur as weakly to strongly deformed (my-

lonitic) rocks. Weakly deformed serpentinites are the most
abundant rock type. Their weathered surface is ochre- to
reddish-brown-coloured, whilst on the fresh surface these
rocks are dark green to black. Mylonitic serpentinites are

fine-grained and foliated, and frequently occur near the con-
tact with other rock types, but mylonitic bands were also
found within low-deformed serpentinites. Serpentine is fi-
nally observed as lineated acicular crystals or fibres (cm-
sized) restricted to dm-sized bands.
The serpentinite mainly consists of serpentine (0.1-1

mm-sized antigorite crystals; > 90 vol.%) and magnetite (up
to mm-sized, 5-10 vol.%, Fontana et al., this volume), defin-
ing the main foliation. Magnetite often occurs as mineral ag-
gregates that mark the mineral lineation. Less serpentinized
rocks consist of olivine (Fo90-95), clinopyroxene (diopside),
Ti-clinohumite, antigorite, tremolite, and late calcite.
Olivine, diopside, and Ti-clinohumite occur as mm-sized
porphyroblasts, often preserving relict mantle textures (see
Fontana et al., this volume). Porphyroblasts are more or less
recrystallized into finer-grained neoblasts. Pseudomorphs of
antigorite replacing mm-sized former minerals may also
represent relics of the original mantle texture. Olivine, diop-
side, and Ti-clinohumite porphyroblasts frequently occur
filling boudinaged ribbons wrapped by the antigorite folia-
tion. In the eastern part of the study area, serpentinite is the
host rock of rodingitic dykes and mafic rocks.

Metamorphosed mafic rocks (metabasite)
Metamorphosed mafic rocks mainly occur in the western

side of the study area (Fig. 2), within the crustal unit over-
thrust on the serpentinite massif. We also observed m- to
100 m-sized mafic pods within the serpentinites. The con-
tact between these pods and the host serpentinite is not
rodingitized. Metamorphosed mafic rocks from the pods and
those from the western crustal unit show similar features.
We distinguished two main mafic rocks:
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Fig. 2 - Lithological map of the studied area in the Mount Avic serpentinite massif as obtained by original field mapping. Location of rodingitic dyke samples
is reported. UTM coordinate system: Datum ED 1950; Zone 32N.
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– Ca-amphibole-rich rocks (similar to the Mg-(Cr)-
metagabbro cropping out in the ZS Unit and Clavalité-St.
Marcel area; Martin and Tartarotti, 1989);

– Ca-Na-amphibole-rich rocks (similar to the Fe-Ti-
metagabbro and metabasalts cropping out in the ZS Unit
and Clavalité - St. Marcel area; Martin and Tartarotti,
1989).
Transition from Ca-amphibole-rich rocks to Ca-Na-am-

phibole-rich rocks with eclogitic relics is always gradual.
Ca-amphibole-rich metabasite consists of albite (40-50

vol.%), clinozoisite (up to 30 vol.%), amphibole (20-30
vol.%, Mg-hornblende and tremolite-actinolite), ± zoisite, ±
Cr-amphibole (smaragdite), ± chlorite, ± quartz, ± white mi-
ca and fuchsite (Panseri, 2003; Fontana, 2005). The coarse-
grained flaser-textured portions show mm-sized clinozoisite
aggregates and mm- to cm-sized poikilitic albite including
mm-sized amphibole (Mg-hornblende and tremolite-actino-
lite). Mg-hornblende, tremolite-actinolite, chlorite (0.1-1
mm) and mm-cm-sized fuchsite form discontinuous cleav-
age domains. These domains surround albite-clinozoisite
eyes and mark a slight, wavy foliation. The fine-grained
rock portions (0.1-1 mm-size) show the same mineralogical
association, but they show a pervasive and continuous folia-
tion, marked by Ca-amphibole + fuchsite cleavage domains
and albite + clinozoisite lithons. Ca-amphibole-rich metaba-
sites are completely retrogressed to greenschist facies and
do not show magmatic or HP mineral relics.
Ca-Na-amphibole-rich metabasites occur in small out-

crops associated with Ca-amphibole-rich metabasite; they
consist of eclogitic relics (omphacite up to 30 vol.% and
Alm-Py-rich garnet ~ 20 vol.%), and of Na- and Ca-Na-am-
phibole (20-30 vol.%, glaucophane, barroisite-winchite,
richterite-katophorite), albite (10-20 vol.%), clinozoisite and
zoisite (~ 10 vol.%), ± rutile, ± green biotite. The HP assem-
blage (garnet, omphacite and glaucophane) is partly retro-
gressed: fine-grained Ca-Na-amphibole replaces Na-amphi-

bole at the rim (mm-cm-sized glaucophane); omphacite
(mm to cm in size) is partially uralitized; chlorite and green
biotite (up to 0.1 mm in size) overgrow garnet crystals.
Fine-grained albite and Ca-amphibole (actinolite) form the
low-P assemblage (greenschist facies). Metabasite samples
commonly show a slight foliation marked by amphibole, but
coarse-grained rocks characterized by a granoblastic texture
were also observed.

Epidosites
The western crustal unit contains reddish tabular epi-

dosite bodies, up to 2m thick and 100m long. Epidosite con-
sists mainly of epidote, albite, ± diopside, ± quartz, ± Ca-
(Na)-amphibole, ± chlorite, ± white mica, ± titanite, ± sul-
phide, ± magnetite (Buscemi, 2003). Boudinage and multi-
stage folding affected these epidosite bodies.

Metasedimentary rocks
Metasedimentary rocks (mostly calcschists) crop out near

Gran Lac and Mont Bel Plat (Fig. 2). They form a 1- to 10
m thick tabular body interbedded with metabasite of the
crustal unit. Calcschist consists of white mica, plagioclase,
garnet, white-grey epidote, and calcite.

Rodingites
Rodingitic dykes are enclosed in serpentinites, especially

in the southern and eastern sides of the study area. We often
found a concentration of rodingitic dykes around metabasite
pods (Figs. 2 and 4). This finding suggests a genetic relation
between this latter rock and rodingites. The dykes, up to
2m- thick and several meters long, are always parallel to the
serpentinite foliation and are surrounded by mm- cm-sized
chlorite-rich layer, formally named blackwall. They are of-
ten deformed by boudinage or by a multi-stage folding.
Rodingites are slightly deformed or show a weak foliation
marked by chlorite and a mineralogical layering (garnet or
vesuvianite or pyroxene layers interbedded with chlorite).
By contrast, we locally observed strongly foliated rodin-
gites. These latter crop out around some rodingitic dykes
and are always surrounded by chlorite-rich blackwalls.
Rodingites consist of Ca-rich mineral assemblages: Ca-

garnet, epidote, diopside, vesuvianite and calcite. Chlorite is
present within the dykes and is the main mineral forming
the blackwalls surrounding all the rodingitic dykes. The
mineral assemblage is quite variable. At the outcrop scale,
the following rodingite types were distinguished:
1- garnet-rodingitic dykes (Fig. 5a, largely cropping out

around metabasite pods near Gran Lac and Lac de Leser):
pink-reddish-brown rodingitic dykes consisting of garnet,
chlorite, ± pyroxene, ± vesuvianite;
2- vesuvianite-rodingitic dykes (Fig. 5b, near Cote Mou-

ton, Tete des Hommes and Bec de Nona): yellow rodingite
consisting of vesuvianite, chlorite, ± garnet;
3- foliated rodingites with diopside and chlorite, centimet-

ric to decimetric in size, cropping out at the contact between
garnet rodingitic dykes and serpentinite and bordered by a
chloritic blackwall (Fig. 5c, near Cote Mouton and near Gran
Lac); foliated rodingites with chlorite, green and white epi-
dote, ± pyroxene (east of Gran Lac) enclosing thin rodingitic
dykes (cm in size and consisting of garnet and chlorite);
4- rodingitic reaction zones at the contact between

metabasite pods and serpentinites (south of Lac Cornue).
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Fig. 3 - Simplified litho-stratigraphic section of the Mount Avic ophiolite.
Calcschist and serpentinite in the Crustal Unit are tectonically interlayered.
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They consist of m- 20m-thick tabular bodies characterized
by garnet, green epidote, chlorite and calcite veins. Miner-
alogical layering, marked by alternating garnet and epidote
levels (Fig. 5d), is parallel to the edge of the reaction
zones.
We also mapped (near Cote Mouton and Tete des

Hommes; see Fig. 2) and analyzed some mixed garnet/vesu-
vianite rodingitic dykes, usually characterized by garnet-
chlorite core and vesuvianite-chlorite rim (Fig. 5e). The
transition from garnet to vesuvianite zones is gradual.
Finally we observed pyroxene-rich dykes surrounded by

a mm- sized chlorite-rich blackwall, namely:
– pyroxene-epidote dykes: white-grey dykes with pyrox-
ene, epidote (clinozoisite or zoisite) and chlorite, crop-
ping out near Cote Mouton (see Fig. 2);

– pyroxene dykes (Fig. 5f): white rocks cropping out north
of Pisonet and near Col de Lac Blanc. They consist of
diopside, minor chlorite, and locally show reddish alter-
ation coating (Col de Lac Bland dyke, see Fig. 2).
Pyroxene-rich-dykes cannot be considered as rodingites

s.s. because of the lack of garnet or vesuvianite.

PETROGRAPHY AND MINERAL COMPOSITION
OF THE MOUNT AVIC RODINGITES

In order to understand the structure and evolution of the
Mount Avic ophiolitic complex and metasomatic events, we
performed thin section studies on rodingite samples. We al-
so carried out EDS analyses to characterize the rodingite
mineral assemblages. Mineral chemistry data and backscat-
tered images were collected by scanning electron micro-
scope (SEM) Cambridge System Stereoscan 360, equipped
with Energy Dispersive X-ray Spectroscopy (EDS Link
ISIS), at the Consiglio Nazionale delle Ricerche (CNR)-De-
partment of Earth Sciences (Milano University). The correc-
tion program used is ZAF4 (Pouchou and Pichoir, 1985).
Operating conditions were as follows: accelerating voltage
= 20 kV; working distance = 25 mm; probe beam = 400 pA;

count time = 50 s. Selected analyses representing the miner-
al composition of rodingite samples are summarized in Ta-
bles 1 and 2. We also performed XRD analyses with a PAN-
alytical X’Pert Pro MPD powder diffractometer, equipped
with an X’Celerator multichannel detector, with CuKalpha
wavelength (1.5418 Å). The data collections were from 5 to
90° 2q, with a step size of about 0.02° and a counting time
of 25 seconds per step.
Rodingite types that were distinguished in the field also

show distinct mineral assemblages and mineral composi-
tion. A chloritic blackwall surrounds all rodingite dykes and
mainly consists of chlorite (90-95 vol.%), with minor mag-
netite. It also shows low concentrations of garnet, diopside,
or vesuvianite. Chloritic blackwalls often show gradual tran-
sition to rodingite and to serpentinite.

Garnet-rodingitic dykes
Garnet-rodingitic dykes mainly consist of garnet (up to

80 vol.%) and chlorite (20-50 vol.%, Fig. 6a), with variable
amounts of diopside (0-30 vol.%), spinel group minerals
(mostly magnetite) or more rarely titanite, epidote, clino-
zoisite and ilmenite. Grain size ranges from mm- to cm-.
Granoblastic texture is the most common, although a strong
foliation marked by chlorite and garnet layers may be occa-
sionally present. Locally, we observed diopside with me-
chanical twinning, surrounded by chlorite foliation. Transi-
tion from the rodingite dyke to its blackwall is gradual and
characterized by an increasing amount of chlorite and by a
penetrative foliation. The blackwall consists of chlorite (90-
95 vol.%, up to mm in size) ± garnet, ± magnetite.
Garnet is mainly grossular (up to 95%). XRD analyses

evidence the lack of hydrogrossular and other hydrogarnet.
Locally Cr-rich-garnet (46% uvarovite, 47% grossular; sam-
ple AV91, Fig. 6b) grows at the rim of chromite or
chromite-hercynite series mineral (see sample AV128,
Table 3). We also observed Ca-Fe-rich-garnet (58-63%
grossular, 24-30% almandine, 4-11% andradite) in samples
AV103 and AV105 (Ca-Fe-garnet-rodingitic dykes from
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Fig. 4 - Panoramic drawing of the Gran Lac area. Rodingitic dykes crop out around metagabbro bodies.
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Fig. 5 - Photographs of rodingite dykes. a) Boudinaged rodin-
gitic dyke (1 m thick and 10 m long) with garnet, chlorite as-
semblage and minor pyroxene and vesuvianite. b) Vesuvian-
ite-rodingitic dyke deformed by boudinage. c) Folded foliated
rodingites with cm-sized garnet rodingite. d) Rodingitic reac-
tion zone with garnet-rich (GRL) and epidote-rich (ERL) lay-
ers. e) Photo and sketch of rodingite dyke with garnet + chlo-
rite core, vesuvianite + chlorite rim and the chlorite-rich
blackwall. f) Photo and sketch of a folded pyroxene-rodin-
gitic dyke.
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Fig. 6 - Photomicrographs of rodingites (abbreviations according to Siivola
and Schmid, 2007). a) Garnet-rodingitic dykes: chlorite, garnet and minor
diopside are the main components. b) BSE image and EDS analyses of sam-
ple AV91 (garnet-rodingitic dyke): chromite-hercynite series mineral sur-
rounded by Cr-garnet. c) Sample AV143 (garnet-rodingitic dyke): diopside 1
surrounded by garnet layer and chlorite + diopside 2. d) Sample AV89 (gar-
net-rodingitic dyke): subgrained diopside 1 surrounded by garnet + chlorite
+ diopside 2. e) Sample AV128 (mixed garnet/vesuvianite-rodingitic dyke):
chromite-hercynite series mineral surrounded by Cr-garnet (photomicro-
graph on the left; BSE image, and EDS analyses on the right). f) Sample
AV129 (mixed garnet/vesuvianite-rodingitic dyke): zoned vesuvianite, chlo-
rite and garnet. Andraditic garnet surrounds coarse-grained chlorite.

07Panseri 165:07Panseri 165  8-01-2009  10:30  Pagina 173



south of Gran Lac), that are also characterized by abundant
titanite. Samples AV103 and AV105 also show Fe-rich-
chlorite, classified on the basis of Hey (1954) as ripidolite,
pycnochlorite, and clinochlore with high Fe values. Other
minerals are epidote and allanite (mm-sized). Chlorite of
other samples has a quite homogeneous composition with
high Mg contents (clinochlore and rarely sheridanite and
penninite). Pyroxene, when present, is diopside with high
Mg and Ca contents and XMg[Fetot] > 0.90 (XMg [Fetot] =
Mg/(Mg + Fetot) molar). Only pyroxene from samples
AV103 and AV105 is Na-diopside or omphacite (XMg [Fetot]
= 0.67-0.73; Table 2).
We finally studied two samples characterized by high

diopside contents (sample AV89 near Gran Lac and sample
AV143 near Lac Couverte, diopside-grossular-rodingitic
dykes). These samples exhibit a different texture and modal
composition with respect to other garnet-rodingites (diop-
side up to 65 vol.%, chlorite 5-25 vol.% and garnet 10-40
vol.%), but similar mineral compositions. These two sam-
ples contain mm-sized porphyroblasts of diopside (diopside
1, Fig. 6c), locally subgrained (Fig. 6d). A second-stage,
fine-grained diopside (0.1 mm-sized diopside 2) pertains to
the main rodingite assemblage (grossular, diopside, and
chlorite) or it occurs in diopside-chlorite-layers interbedded
with garnet layers.

Mixed garnet/vesuvianite-rodingitic dykes
Serpentinite near Cote Mouton and Tete des Hommes

(see Fig. 2) contains abundant bimodal garnet-rich and
vesuvianite-rich rodingitic dykes. Garnet-rich samples show
petrographic features similar to those of garnet rodingitic
dykes: garnet 60-80 vol.%, chlorite 20-40 vol.%, ± diopside.
Grainsize ranges from 0.1 mm to 1 cm. Garnet contains
grossular up to 96% and some Cr-rich-garnet (38-50%
uvarovite, 39-48% grossular, 8-13% andradite) surrounding
chromite-hercynite series mineral (Fig. 6e, Table 3). Chlo-
rites are classified as clinochlore or sheridanite; diopside
shows high Ca-Mg (XMg [Fetot] > 0.95) and low Fe-Na val-
ues. Locally we observed grossular crystals replaced by
vesuvianite.
Other samples (e.g., sample AV129) exhibit petrographic

features that are transitional between those of garnet-rich and
vesuvianite-rich rodingites, being characterized by vesuvian-
ite (40-50 vol.%), chlorite (20-30 vol.%), and garnet (20-30
vol.%). In these samples, vesuvianite is coarse-grained (2-4
mm in size), shows a concentric zonation (Fig. 6f) and quite
homogeneous chemical composition (XMg [Fetot] = 0.68-
0.76). Mm-sized garnet is grossular (up to 97%), but we also
analyzed Fe-Cr-rich garnet clusters (up to 40% andradite and
12% uvarovite) around large chlorite crystals (Fig. 6f). Chlo-
rite shows low Fe and Si contents (clinochlore).
Vesuvianite-rich samples (e.g., sample AV134) are quite

similar to vesuvianite rodingitic dykes and consist of mm-
cm-sized vesuvianite (up to 95 vol.%), mm-sized chlorite
(5-45 vol.%), and rare diopside. Vesuvianite is characterized
by a large XMg range (XMg [Fetot] = 0.62-0.79). Chlorite
shows clinochlore composition. Diopside presents high Ca-
Mg values (XMg [Fetot] > 0.95). Garnet presents high Ca and
Fe values (andradite 60-80%).

Vesuvianite-rodingitic dykes
Yellow-green coloured rodingitic dykes consist of vesu-

vianite (50-95 vol.%), chlorite (5-45 vol.%), ± diopside (up

to 15 vol.%), ± garnet (often concentrated in veins). Grain-
size ranges from 0.1 mm (sample AV140) to 2 mm (sample
AV130 and sample AV148). Chlorite and vesuvianite layers
mark the rock foliation. Vesuvianite shows XMg [Fetot] =
0.47-0.64. Chlorite is mainly classified as clinochlore, with
minor penninite and sheridanite (low Fe and Si contents).
Diopside is characterized by high Ca-Mg values (XMg [Fetot]
> 0.94). Some veins, up to 2 cm-thick and several-cm long,
are filled with garnet, minor chlorite, diopside, and vesu-
vianite. Garnet shows high Ca contents (grossular > 86%).
In contrast, garnet from the sample AV140 shows high Fe
values (andradite > 63%). Vesuvianite grows around garnet
and some coarse-grained vesuvianite veins cut garnet veins.

Foliated rodingites
The foliated rodingites at the contact between garnet-

rodingitic dykes and serpentinites (sample AV127 and
AV100) mainly consist of diopside (65-90 vol.%), chlorite
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Table 3 - Representative EDS analyses of spinels (chromite-
hercynite) in rodingite.
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(10-25 vol.%), with minor garnet (up to 10 vol.%). Grain-
size ranges from 0.05 to 0.5 mm. Diopside and chlorite lay-
ers are interbedded and mark a strong foliation (Fig. 7a),
folded by at least two subsequent deformation phases. Chlo-
rite shows high Mg values (clinochlore); diopside exhibits
low Fe contents (XMg [Fetot] > 0.90). Near the chlorite-rich
blackwall, garnet of the foliated rodingites shows high Ca
contents (63-79% grossular) and locally high Cr values
(39% grossular, 26% uvarovite and 22% andradite). In the
latter case, Cr-rich garnet surrounds relics of chromite-her-
cynite series mineral (Table 3).
The foliated rodingites enclosing thin rodingitic dykes

(e.g. sample AV93) are characterized by chlorite (40 vol.%),
clinozoisite-zoisite (~ 30 vol.%), epidote (20 vol.%) and
diopside (up to 10 vol.%). Foliation is here defined by chlo-
rite cleavage domains and diopside-zoisite microlithons
(Fig. 7b). Mm-sized epidote crystals are completely sur-
rounded by the rock foliation.

Rodingitic reaction zones
The contact between serpentinites and metabasite pods is

not usually rodingitized, but we locally observed evidence
of rodingitization in Ca-amphibole rich metabasite samples
(south of Gran Lac), where mm-sized diopside and calcite
grow over the main mineral assemblage. Near the metaba-
site/serpentinite contact, we also recognized rodingitic reac-
tion zones up to 10 m-thick and 50 m long (sample AV119).
These metasomatic rocks consist of layers distinguished by
different colours and mineral assemblages (Fig. 7c): reddish
layers with 0.1-1 mm-sized crystals are made up of Ca-gar-
net (more than 50 vol.%), calcite (~ 20 vol.%), epidote (~ 10
vol.%), Ca-amphibole (~ 10 vol.%) and chlorite (~ 10
vol.%); green layers with mm-sized crystals consist of epi-
dote (50-80 vol.%), diopside (~ 20 vol.%), calcite (up to 10
vol.%), Ca-amphibole (~ 5 vol.%), chlorite (~ 5 vol.%).
Chlorite and amphibole also form the blackwall (sample
AV118) between rodingite and serpentinite.
Garnet in both layer types shows high Ca and Fe values

(grossular 50%, almandine 20-30%, andradite 10-20%). Lo-
cally, diopside has relatively high Na contents and may be
classified as Na-diopside (Table 2). Fetot values of epidote
are higher than 1.3 c.f.u.. Finally, chlorite is classified as py-
cnochlorite or diabantite (high Fe contents).

Pyroxene-epidote dykes
Samples AV124 and 125 consist of diopside (25-45

vol.%), clinozoisite-zoisite (20-60 vol.%) and chlorite (15-
35 vol.%). Two different pyroxene generations occur (diop-
side 1 and diopside 2): coarse-grained diopside 1 (mm-sized
crystals with mechanical twinning) is wrapped by foliation
marked by fine grained chlorite, diopside 2 and clinozoisite-
zoisite layers (Fig. 7d). Zoisite and clinozoisite show a tex-
tural equilibrium. Pyroxene presents homogeneous chemical
compositions, with high Mg and Ca contents (XMg [Fetot] >
0.9), but we occasionally analyzed diopside 1 core with
higher Al and Na contents (~ 10% of Jadeite). Chlorite is
quite uniform in composition (clinochlore).

Pyroxene dykes
Two samples of pyroxene dykes (samples AV113 and

AV138) show abundant coarse-grained diopside and a small
amount of chlorite (less than 5 vol.%). Cm-sized pyroxenes

define a pervasive foliation (Fig. 7e). The transition from
the dyke to the mm-sized chloritic blackwall is sharp. Diop-
side shows high Mg and Ca contents (XMg[Fetot] ~ 0.95).
Chlorite exhibits low Al and Fe contents (penninite).

Mineral composition summary
The EDS chemical analyses of main rodingitic minerals

(chlorite, garnet, epidote, pyroxene, and vesuvianite) are
summarized in the Tables 1 and 2 and represented by plots
(Fig. 8), which compare the main rodingite types. Chlorite is
classified on the basis of Hey (1954) and the analyses may
be subdivided in three main groups (Fig. 8a):
– low-Si and low-Fe chlorite in garnet-, vesuvianite- and
pyroxene-epidote rodingites (mostly low-Fe-clinochlore)

– low-Si and high-Fe chlorite of rodingitic reaction zone
and Ca-Fe-garnet rodingites (high-Fe-clinochlore, ripido-
lite, pycnochlorite, and diabantite)

– high-Si and low-Fe chlorite of pyroxene rodingites and
foliated rodingites.
Garnet analyses mark the difference between two main

groups of rodingites. The first group includes rodingitic re-
action zones and Fe-garnet rodingites. It is characterized by
garnet with the lowest ugrandite (60-80%) and the highest
almandine values (20-40%, Fig. 8b). The second group in-
cludes the other garnet rodingites, showing ugrandite-rich
garnets. Garnet-rich rodingites show ugrandite composition
trend from grossular to uvarovite (Fig. 8c). Differently,
vesuvianite-rich rodingites show grossular-andradite trend
(Fig. 8c).
Epidote mineral composition shows three main groups

(Fig. 8d): Fe-epidote, Fe-rich clinozoisite, and Fe-poor-epi-
dotes (clinozoisite and zoisite). Fe-epidote occurs in rodin-
gitic reaction zones and Ca-Fe-garnet rodingites; Fe-rich cli-
nozoisite is present in vesuvianite-rich and garnet-rich
rodingites; clinozoisite and zoisite are contained in pyrox-
ene-epidote dykes.
Pyroxene shows a quite uniform chemical composition,

with very high Ca and Mg contents: the analyzed pyroxene
crystals may be mostly classified as pure diopside with Wo
percentages around 50%. Ca-Fe-garnet-rodingitic dykes and
rodingitic reaction zones show pyroxenes with higher Na
and Fe values, which are classified as Na-diopside or om-
phacite (Table 2).
Finally, we obtained vesuvianite analyses that show a

large XMg and Al range (Fig. 8e). Different chemical com-
positions do not reflect any internal vesuvianite zonation.
High-Fe vesuvianite crystals show purple anomalous inter-
ference colours, whereas low-Fe vesuvianites are brown-
yellow.

DISCUSSION

Petrographic features and distribution of the Mount Avic
rodingites are summarized in Table 4. The main mineralogi-
cal assemblage of the studied rocks is represented by
ugranditic garnet + chlorite ± diopside ± epidote ± vesu-
vianite, but we also observed other mineral assemblages in
the rodingitic dykes, as well as in foliated rodingites, and
rodingitic reaction zones. Various assemblages and struc-
tures that characterize the Mount Avic rodingites are in-
ferred to be related to the chemistry of the protolith (proba-
bly mafic dykes within serpentinite), to the extent of rodin-

175

07Panseri 165:07Panseri 165  8-01-2009  10:30  Pagina 175



gitization during oceanic serpentinization, and to the Alpine
evolution (from HP metamorphism, to decompressional
stage) that affected the Mount Avic massif as well as the
Piemonte ophiolitic nappe.
In the following, the formation of different types of

rodingites is discussed, and metamorphic reactions are pro-
posed. All the metamorphic reactions reported in the follow-
ing paragraphs are in part taken from the literature and in
part suggested after modification from published works. All
reactions are intended to be dependent on the composition,
pressure and temperature of circulating fluids (Li et al.,
2008).

Garnet-rodingitic dykes
In accord with Coleman (1967) garnet in rodingites

grows from anorthite:
3 anorthite + Ca2+ + 2 H2O → 2 clinozoisite + 2 H+ (1a)
2 clinozoisite + 5 Ca2+ + 13 H2O → 3 hydrogrossular 
+ 1.5 SiO2 + 10 H+ (1b)
or
1.5 anorthite + 0.5 Ca2+ + 1.5 H2O → prehnite + H+
+ 0.5 Al2O3 (1c)
prehnite + 4 Ca2+ + Al2O3 + 6 H2O → 2 hydrogrossular 
+ 8 H+ (1d)
At the same time pyroxene and amphibole breakdown

produces chlorite. By these reactions we can understand the
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Fig. 7 - Photomicrographs of rodingites (abbreviations according to Siivola
and Schmid, 2007). a) Sample AV93 (foliated rodingite): chloritic cleav-
age domain and diopside-epidote layers mark the foliation. b) Sample
AV127 (foliated rodingites): chloritic cleavage domain interbedded with
diopside layers. c) Sample AV136 (rodingitic reaction zone): garnet and
epidote layers. Epidote overgrows garnet near layer boundaries. d) Sample
AV124 (pyroxene-epidote-rodingitic dyke): diopside 1 surrounded by
diopside 2 and chlorite foliation. e) Sample AV113 (pyroxene-rodingitic
dyke): cm-sized diopside that marks the foliation.
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evolution from a gabbroic/dioritic protolith to a rodingitic
assemblage with hydrogrossular and chlorite, but the Mount
Avic garnet-rodingites often show a more complex assem-
blage and garnet is always grossular instead of hy-
drogrossular.

Grossular-rodingitic dykes
Rodingites with garnet characterized by high grossular

contents are the most widespread in the world (Table 5).
The main assemblage of these rocks, similar to grossular-
rodingitic dykes from Mount Avic, is quite uniform in the
Archean - Paleoproterozoic mafic-ultramafic sequences, in
both metamorphosed and un-metamorphosed ophiolitic
complexes. The protolith is generally a mafic rock (gabbro,
diorite or basalts). The analyzed samples from Mount Avic
display some textural relics that may be interpreted as pre-
metasomatic minerals. Similar relics occur in the rodingites
from the Vumba Schist Belt in Botswana (Mogessie and
Rammlmair, 1994). Chromite/hercynite series minerals, sur-
rounded by uvarovite rich garnet (see Fig. 6b), could be in-
terpreted as due to the following reaction, modified after
Mogessie and Rammlmair (1994):
Al-Fe-ugrandite + chromite → Cr-Al-Fe-ugrandite +
chromite-hercynite (2)
Textures and mineral chemistry suggest an Al-Cr ex-

change between ugranditic garnet and spinel during this re-
action (Al-Fe-ugrandite + Cr = Cr-Al-Fe-ugrandite + Al;
chromite + Al = chromite-hercynite + Cr). Chromite repre-
sents the magmatic relic of the rodingite protolith. Uvarovitic
garnet could have grown during a metasomatic event, at the
same time or after grossular-andradite crystallization.
The main rodingitic assemblage (ugranditic garnet, chlo-

rite, ± diopside 1, ± diopside 2, ± epidote) probably grew
during an early oceanic metasomatic event (at the same time
of uvarovite) according to the reaction proposed by Hatzi-
panagiotou et al. (2003):
16 clinozoisite + 3 tremolite + 25 CaO + H2O →
3 clinochlore + 21 grossular (3)
after clinozoisite of reaction (1a). Tremolite may be a

product of pyroxene/amphibole breakdown.
The occurrence of epidote is related to reaction

5 prehnite → 2 epidote + 2 grossular + 3 SiO2 + 4H2O (4)

proposed by Honnorez and Kirst (1975) and based on
prehnite of reaction (1c). An alternative reaction is suggest-
ed by Mogessie and Rammlmair (1994):
4 anorthite + clinopyroxene + 2 H2O + Ca2+→ epidote +
grossular + zoisite + SiO2 + 2 H+ (5)
Diopside 2 abundance is strictly related to diopside 1

content. The observed textures suggest that diopside 2 is the
product of diopside 1 dynamic recrystallization, probably
developed during the early Alpine evolution. So, diopside 1
could have grown during oceanic rodingitization, while
diopside 2 is the product of recrystallization during the
Alpine deformation.

Diopside-grossular-rodingitic dykes
Diopside rich rodingites, everywhere showing grossular

or andradite (Table 6), are less widespread than grossular-
rodingites, but they crop out in the Archean - Paleoprotero-
zoic mafic-ultramafic sequences, in the metamorphosed and
un-metamorphosed ophiolitic complexes. Chlorite, epidote,
and vesuvianite are often reported. Protoliths are invariably
mafic rocks and some authors report diopside as a magmatic
relic (Dal Piaz et al., 1980).
In the diopside-grossular-rodingitic dykes from Mount

Avic, diopside 1 porphyroblasts, locally subgrained, are tex-
tural relics (Figs, 6c, d, and 7a), surrounded by main rodin-
gite assemblage. Diopside 1 crystals probably are textural
relics of magmatic clinopyroxene that have been Ca-en-
riched and Fe-depleted during the first metasomatic stage,
according to the qualitative reaction modified after Li et al.
(2008):
plagioclase + clinopyroxene + H2O + Ca2+→ grossular +
chlorite + diopside (6)
Diopside 2, as in the grossular-rodingites, is the product

of diopside 1 recrystallization during Alpine evolution.
Grossular, chlorite, and epidote growth follows reactions
(3), (4), and (5).

Ca-Fe-garnet-rodingitic dykes
Garnet rodingitic dykes with high Fe contents have not

been reported in previous rodingite studies. The reactions
that produced the metasomatic assemblage were probably the
same of grossular-rodingites, but the protolith is quite differ-
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Table 4 - Petrographic features and distribution of rodingites from the Mount Avic serpentinites.

Abbreviations according to Siivola and Schmid (2007).
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Fig. 8 - Composition plots of rodingite minerals. a) Chlorites classification (Hey, 1954) on the basis of 28 O recalculation. Analyzed chlorites from rodingites
and chlorite-rich blackwalls are not distinguished. b-c) Garnet classification on the basis of 12 O recalculation. d) Fetot - AlVI plot for epidote on the basis of
25 O recalculation. e) XMg - Altot vesuvianite plot on the basis of 50 cations recalculation. Abbreviations according to Siivola and Schmid (2007).
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ent. Ca-Fe-garnet-rodingitic dykes (samples AV103 and
AV105) crop out close to a Ca-Na-amphibole metabasite
body with eclogitic relics (see Figs. 2 and 4): we suggest that
Ca-Fe-garnet-rodingitic dykes as well as metabasite with Ca-
Na-amphibole derive from similar Fe-rich mafic rocks. The
rodingitic dykes and the metabasite show mineral assem-
blages that highlight their HP Alpine evolution. However,
the occurrence of HP, Ca-rich mineral assemblage (grossu-
lar-almandine, omphacite or Na-diopside) has been recorded
only within the dykes and not in the nearby metabasite body.
This evidence suggests that dykes have been metasomatized
before the subduction-related metamorphic peak, while the
metabasite suffered the HP Alpine evolution without rodin-
gitization. We thus infer that grossular-almandine, omphacite
or Na-diopside represent the products of Alpine recrystalliza-
tion of a previous mineral assemblage affected by oceanic
metasomatism. A similar evolution has been suggested by
Bocchio et al. (2000) for rodingitized Fe-Ti-metagabbros of
the Aosta Valley and Soana Valley (Piemonte).

Vesuvianite-rodingites
Vesuvianite-rich-rodingites were reported in metamor-

phosed and un-metamorphosed mafic complexes (Table 6),
as well as in rodingitic veins dragged along the Middle At-
lantic Ridge (Honnorez and Kirst, 1975). Vesuvianite-rodin-
gites also show chlorite, garnet, epidote and clinopyroxene.
In the Mount Avic massif, vesuvianite often occurs at the

rims of garnet-rodingitic dykes and petrographic observa-
tions suggest the crystallization of vesuvianite from garnet.
The vesuvianite-rodingites also show textural relics similar
to those of grossular rodingites (chromite/hercynite series
minerals, surrounded by uvarovitic garnet, see Fig. 6e).
On the basis of the observed structures, textures and min-

eral assemblages, we suggest the following qualitative reac-
tions, modified after Li et al. (2008), for vesuvianite crystal-
lization:
grossular + chlorite + H2O → vesuvianite + SiO2 (6a)
grossular + diopside + H2O → vesuvianite + chlorite + SiO2

(6b)
These reactions do not need Ca supplies (typical of

oceanic metasomatism), so vesuvianite may be a metamor-
phic Alpine product. Li et al. (2008) highlight that all the re-
actions producing vesuvianite in the ZS ophiolites could
have been developed during the Alpine evolution. Accord-
ing to these authors, reaction (6a) may be referred to early
Alpine metamorphism (about 400°C and 1.5 Gpa); reaction
(6b) probably took place during the ophiolite uplift and late
Alpine metamorphism (about 500°C and 1 Gpa).

Foliated rodingites
In this paper foliated rodingites near garnet-rodingites are

reported for the first time. The assemblage is similar to that
of some grossular-rodingitic dykes, but we also observed
chromite/hercynite relics, surrounded by uvarovite and Ca-
Cr-garnet. Foliated rodingites may represent lenses of
strongly deformed garnet-rodingites. Alpine deformation
produced mineralogical layering and strong recrystallization
of diopside 1 in fine-grained diopside 2.

Rodingitic reaction zones
Rodingitic reaction zones are reported in most of the

ophiolitic massifs from the Alps (Table 6), often occurring

between metasedimentary rocks and serpentinite. In the
Mount Avic massif we report for the first time a rodingitic
reaction zone between serpentinite and metabasite pods.
This reaction zone shows structural and petrographic fea-
tures similar to those found in a reaction zone from
Balangero quarry (Dal Piaz, 1969). The Balangero reaction
zone occurs at the contact between serpentinite and
gneiss/micaschist and shows garnet-rich-layers interbedded
with diopside-rich-levels, similarly to the Mount Avic
rodingitic reaction zone. This similarity suggests that locally
the rodingite mineral assemblage may be related to Ca-rich
fluid composition more than to the protolith composition,
probably reflecting high fluid/rock ratios.

Pyroxene-epidote and pyroxene dykes
Epidote-rich-rodingites are reported from many mafic

complexes (Table 6), but not from Alpine ophiolites. More-
over, pyroxene-epidote-dykes from Mount Avic are quite
different from other epidote-rich-rodingites reported in lit-
erature, because of the lack of garnet and prehnite and the
high modal contents of diopside. However, we highlight
some petrographic similarities between the Mount Avic py-
roxene-epidote rodingites and metasomatic rocks from
Samothraki Ophiolite (Hatzipanagiotou and Tsikouras,
2001 - Table 6), for which these authors suggest a dioritic
protolith.
Pyroxene-epidote dykes display an unusual mineral as-

semblage, reported here for the first time, even though they
show the same structure of other rodingitic dykes as well as
a mm-sized chloritic blackwall.

SUMMARY AND CONCLUSIONS

The Mount Avic massif mainly consists of serpentinites
including mafic and metasomatic rocks. Following Tartarot-
ti et al. (1998), this mafic/ultramafic part of the ophiolitic
sequence was a mantle fragment exposed on the Tethys
ocean floor before subduction. Metabasites and rodingites
are interpreted as deriving, respectively, from gabbroic bod-
ies and dykes that intruded mantle rocks. On the other hand,
the lack of a continuous gabbroic layer and a dominant man-
tle ultramafic component, has been also observed for the
Northern Apennine ophiolites (Tribuzio et al., 2000). The
Mount Avic and Northern Apennine lithosphere sections fit
well the slow-spreading ridge model of discontinuous mag-
matic crust (e.g. Cannat, 1993; Lagabrielle et al., 1998).
Fieldwork, petrographic studies, and EDS analyses of the

Mount Avic rodingites allow to recognize some peculiar
features of these metasomatic rocks. Rodingites occur as
boudinaged and folded dykes, up to 2m- thick and several
meters- long, within the serpentinite massif and are always
surrounded by a chlorite-rich blackwall. Rodingitic dykes
mostly consist of ugranditic garnet, chlorite ± diopside ±
epidote ± vesuvianite, but we also recognized other mineral
assemblages (vesuvianite-chlorite-, diopside-epidote-chlo-
rite-, diopside-chlorite-rodingitic dykes) as well as foliated
rodingites and rodingitic reaction zones.
Mineral chemistry analyses of chlorite, garnet, and epi-

dote indicate the presence of Fe-rich and Fe-poor rodingites,
most probably due to different protoliths. Rodingitic reac-
tion zones and Ca-Fe-garnet rodingites exhibit chlorite, gar-
net and epidote with the highest Fe values and pyroxene
with high Fe and Na contents, probably due to a Fe-Na-rich
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protolith. Grossular- and vesuvianite-rich rodingites (the
most common rodingite type) show chlorite, garnet and epi-
dote with lower Fe values: similar rodingites reported in lit-
erature are often interpreted as deriving from Mg-rich gab-
bros. Pyroxene-epidote and pyroxene dykes are also made
of minerals with low Fe values. The spatial distribution of
Fe-rich-rodingites reflects that of outcrops of Ca-Na-rich
amphibole metabasites and eclogites. On the basis of this
evidence we propose that Fe-rich-rodingites as well as
metabasite with Ca-Na-amphibole derive from the same Fe-
rich mafic rock. Both rodingitized dykes and Fe-rich mafic
body recrystallized during the Alpine metamorphism.
The observed mineral associations cannot be undoubted-

ly attributed to the oceanic or orogenic hystory because
rodingitic assemblages are not pressure-sensitive (see also
discussion in Li et al., 2008). However, analyses of garnet-
and vesuvianite-rodingites, as well as of foliated rodingites,
allow us to identify relics of several evolution stages. 1)
Chromite/hercynite series minerals, surrounded by
uvarovite and Ca-Cr-garnet, are interpreted as magmatic
relics. 2) Diopside 1 porphyroblast could be a relic of
oceanic rodingitization, before the Alpine deformation.
Diopside 1 probably grew at the same time of the main
mineralogical assemblage (ugranditic garnet + chlorite ±
epidote). 3) Alpine deformation produced diopside 1 sub-
grain and recrystallization into diopside 2 as well as garnet-
chlorite recrystallization.
Vesuvianite may be an Alpine product from grossular-

rodingite assemblage (according to Li et al., 2008). Vesu-
vianite-rich rodingites are typical of metamorphosed serpen-
tinitic complexes (Dubinska and Wiewiora, 1999; Dubinska
et al., 2004a; Li et al., 2004; 2007; 2008), while not meta-
morphosed ophiolites and the modern oceanic crust show
only vesuvianite veins and restricted vesuvianite bodies
(Honnorez and Kirst, 1975). We hypothesize that vesuvian-
ite rodingites grew on the previous main rodingite assem-
blage (garnet, chlorite) during early Alpine metamorphism
following reaction (6a). The large water supply, necessary
to vesuvianite crystallization, may be derived from chlorite
blackwall and surrounding serpentinite.
Finally, we observed that metabasite pods are not meta-

somatized and a selective rodingitization affects only
dykes. These features have suggested a speculative genetic
model illustrated in Fig. 9. Following the model of a dis-
continuous magmatic crust, as proposed for the Jurassic
Ligurian Tethys by Tribuzio et al. (2000), we envisage the
occurrence of relatively small mafic bodies intruded in a
mantle peridotite (partially serpentinized) exposed on the
ocean floor. Intrusion and magmatic evolution also pro-
duced mafic dykes (Fig. 9a). Macro- and micro-fractures as
well as faults, related to extensional tectonics in a spread-
ing regime, allowed fluids circulation that supports serpen-
tinization of the peridotite and rodingitization of mafic
dykes (Fig. 9b). A cracking front developed in the oceanic
lithosphere likely represented the lower limit of rodingitiza-
tion, i.e. the deepest penetration of metasomatic Ca-rich
fluids. The cracking front, which controls the distribution
of metasomatism reactions, may have only partially affect-
ed the mafic bodies which are in fact scarcely or not rodin-
gitized (Fig. 9c). After the oceanic evolution, the Mount
Avic lithosphere was involved into the Alpine subduction.
Serpentinites, mafic bodies and rodingite dykes were sub-
sequently affected by HP metamorphism that yielded re-
crystallization of the oceanic rodingite assemblages and
formation of new vesuvianite.
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