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Abstract: The Lago della Vecchia pre-Alpine coronitic metagranite (Sesia-Lanzo Zone, Western Italian Alps, Valle
del Cervo) preserves igneous textures and mineralogy despite the complete eclogitization recorded by surrounding
deformed metagranites and country rocks. The coronitic cores are metre to few metres undeformed metagranites
preserving igneous cm-sized K-feldspar and mm-sized biotite. Microscale analysis shows that igneous association is
partly preserved: biotite, white mica and K-feldspar are only partly replaced by Alpine assemblages, while the original
plagioclase is pseudomorphically overgrown by aggregates of albite + phengitic mica + Fe-epidote ± garnet.
Metamorphic reactions are also localized at the interfaces biotite – plagioclase and white mica – plagioclase. A
continuous garnet corona with a distinctive partitioning of Ca2+ and Fe2+ occurs between biotite and plagioclase,
suggesting diffusive mass transfer during a prograde burial path.

Microdomains have been described and analysed in terms of their geometry, mineral composition and chemistry
patterns using optical microscopy, X-rays compositional maps, chemical analyses and image analysis in order to detail
the microstructures and to reconstruct the relative chronology of the reactions within each microdomain.

The results allow demonstration of the chemical exchanges that occurred between adjacent igneous microdomains:

• Biotite microdomain at contact with plagioclase – two coronas are observed: 1) BtII + Phn-WmII + Alm-rich GrtI; 2)
Phn-WmII + Grs-rich Grt coronas;

• White mica microdomain with plagioclase: a single Phn-WmII + Grt + Ep + Ab corona develops;
• K-feldspar microdomain with plagioclase: a single Ab + Phn-WmII ± Ep ± Grt corona develops;
• Plagioclase core microdomain: Ab + Phn-WmII (fine-grained) + Ep ± Grt;
• K-feldspar core microdomain: large igneous grains are partly to completely replaced by Ab from the plagioclase-K-

feldspar boundaries or along fractures.

The absence of deformation seems to inhibit the complete development of eclogite-facies metamorphic parageneses,
allowing the preservation of microstructures, mineral phases and chemistry. This information is commonly hidden by
the widespread development of high pressure - low temperature eclogite-facies assemblages within surrounded
deformed volumes.
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metagranite (Sesia-Lanzo Zone, Western Italian Alps). In: (Eds.) M.A. Forster and J.D. Fitz Gerald, Journal of the
Virtual Explorer, volume 38, paper 5, doi: 10.3809/jvirtex.2011.00286
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Introduction
Coronitic rock volumes preserve the structural and

chemical memory of geological events that are common-
ly not preserved in intermediate to high strain rock vol-
umes (Lardeaux and Spalla, 1991; Spalla et al. 2004;
Holyoke and Tullis, 2006). The new metamorphic phases
generally grow by developing corona textures rather than
new planar fabrics, allowing the preservation of the com-
position of old microdomains. These features allow to re-
late reaction products to their reactants and investigate
the relative timing of reactions with respect to the chemi-
cal and mechanical changes in individual microdomains
as well in the surrounding rocks.

Corona textures may allow the identification of meta-
morphic reactions (Vernon and Clarke, 2008) and subse-
quently, when thermobarometry and geochronology is
undertaken, the reconstruction of the P-T-t paths.

In this contribution a microstructural analysis of a pre-
Alpine (Permian?) metagranite is presented; the patchy
distribution of high pressure – low temperature metamor-
phism allowed partial preservation of the microstructures
and chemical compositions of the primary igneous pha-
ses, along with preservation of prograde to retrograde as-
semblages.

The geometry, mineral composition and chemistry
patterns of igneous microdomains are investigated using
optical microscopy, X-rays compositional maps, chemi-
cal analyses and overall image analysis, in order to detail
the microstructural evolution and to reconstruct the rela-
tive chronology of the reactions.

Geological Setting
The Sesia-Lanzo Zone (SLZ) belongs to the Austroal-

pine Domain of the Western Alps (Fig. 1) and is interpre-
ted as a slice of the Adria convergent continental margin
(e.g. Polino et al. 1990) that recorded a pervasive Alpine
HP metamorphism (Compagnoni et al. 1977). The SLZ is
now bounded by relicts of the Ligurian-Piemontese Te-
thys to the north and by the Insubric-Tonale line (Cana-
vese line) to the south; the latter divides the SLZ from the
Southern Alpine Ivrea Zone (Fig. 1). During Alpine sub-
duction, the SLZ was tectonically eroded from the upper
continental margin (Polino et al. 1990) and subducted to
depths > 60 km. During the Cretaceous, the SLZ records
a pervasive eclogite-facies re-equilibration. During the
Cretaceous, the SLZ records a pervasive eclogite-facies
re-equilibration.

Afterwards, it was partially affected by a greenschist-
facies event, associated with the exhumation to the up-
permost part of the Tertiary nappe stack (Passchier et al.
1981; Inger et al. 1996; Duchene et al. 1997; Rubatto et
al. 1999; Zucali et al. 2002b; Zucali and Spalla, 2011).

On the basis of its lithological composition and domi-
nant metamorphic imprint, the SLZ has been subdivided
into two tectonic units (Fig. 1): the upper unit, the II Dio-
ritic Kinzigitic Zone, shows a dominant metamorphic im-
print under amphibolite to granulite facies conditions of
pre-Alpine age. The lower unit, which consists of meta-
pelites, metabasics and metagranitoids locally preserving
Permian igneous bodies (e.g. Monte Mucrone and Val
Sermenza gabbro), is divided into three complexes that
record a pervasive Alpine metamorphic imprint: the
Gneiss Minuti Complex (GMC) that preserves a domi-
nant metamorphic imprint under greenschist facies condi-
tions, the Eclogitic Micaschist Complex (EMC) that pre-
serves dominant metamorphic imprint under eclogite fa-
cies conditions and the Rocca Canavese Thrust Sheet
(Pognante 1989b; Spalla and Zulbati 2004) where a law-
sonite blueschists-facies metamorphic imprint character-
izes the peak stage. The eclogitic imprint has been dated
to Late Cretaceous-Early Palaeocene (Oberhänsli et al.
1985; Inger et al. 1996; Duchene et al. 1997; Ruffet et al.
1997; Rubatto et al. 1999; Handy et al. 2005; Babist et
al. 2006; Konrad-Schmolke et al. 2006). The area of
study is located in the EMC.

Within portions of the SLZ during its pre-Alpine evo-
lution a penetrative amphibolite foliation was imprinted
in metapelites and in basic granulites, overprinting granu-
lite facies assemblages (Lardeaux and Spalla 1991). P-T
estimates for this pre-Alpine evolution indicate an early
metamorphic imprint at 0.6 ≤ P ≤ 0.9 GPa and T = 700 -
900°C, followed by a re-equilibration stage at P = 0.3 -
0.5 GPa and T = 570 - 670 °C. A greenschist-facies retro-
gression is recorded at P = 0.25 - 0.35 and T < 550°C
(Lardeaux and Spalla 1991). Similar P-T conditions have
been estimated for the crystallization of Permian intru-
sives (Zucali et al., 2002b).

In the Monte Mucrone-Mars area and around Alpe
Toso, Val Sesia, pre-Alpine mineralogical and textural
remnants are preserved, where amphibolite-facies pre-Al-
pine paraschists and metabasics are intruded by gran-
itoids of Permian age (Oberhänsli et al. 1985; Paquette et
al. 1989). In the Southern SLZ, acidic and mafic pre-Al-
pine granulites are well preserved and associated with
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granulitised gabbros, characterized by a similar pre-Al-
pine P-T evolutions (Rebay and Spalla 2001).

Alpine P-T conditions for the eclogitic stage have
been estimated at P > 1.5 GPa and T = 500 - 600 °C
(Desmons and O'Neil 1978; Koons 1986; Tropper et al.
1999; Zucali et al. 2002a, 2004, 2011). Prograde and ret-
rograde P-T conditions are characterized by lawsonite-
bearing assemblages in some localities, implying a low
geothermal regime active during both prograde and retro-
grade evolution (Pognante 1989a, 1989b; Matsumoto and
Hirajima 2004; Zucali et al. 2004; Zucali and Spalla,
2011).

The innermost part of Sesia-Lanzo Zone (EMC) was
intruded by the Biella Oligocene Pluton between 29-31
Ma (Bigioggero et al. 1994; Romer et al. 1996; Zanoni et
al. 2008) while the andesitic dykes, that crosscut all Al-
pine fabrics, have ages between 29 and 33 Ma (Scheuring
et al. 1973; Kapferer et al. 2011).

The Lago della Vecchia area (Piemonte, Italy, UTM
coordinates: 1413689.522 - 5058432.551;1413689.522 -
5058432.551) belongs to the SLZ and it is mainly consti-
tuted by variably deformed metagranitoids characterized
by a eclogite facies metamorphic overprint.

Figure 1. The Sesia-Lanzo Zone

A) Tectonic outline of the Alpine chain. B) Geological outline of Western Alps (redrawn after Dal Piaz et al. 2001). C) Clas-
sical subdivision of the Sesia-Lanzo Zone. The red star indicates the investigated area. D) NW-SE geological cross-sec-

tion along the Western Alps: SA= Southern Alps; SL= Sesia-Lanzo Zone; MR = Monte Rosa; DB= Dent-Blanche; PI=
Penninic; SB= Grand Saint Bernard; MB= Mont Blanc; LPN= Lower Penninic; H= Helvetic; MO= Molasse.
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Lithotypes and mesostructures
The area is characterized by a penetrative mineralogi-

cal foliation marked by SPO of eclogite facies minerals,

varying as a function of the bulk rock chemistry. Litho-
type distribution and mesostructures are reported in Fig-
ure 2. Mineral abbreviations after Kretz (1983).

Figure 2. Simplified geological-structural map of the Lago della Vecchia area. Original field survey at scale 1:5.000.

Mineral abbreviations after Kretz (1983).

Journal of the Virtual Explorer, 2011
Volume 38

Paper 5
http://virtualexplorer.com.au/

Coronitic microstructures in patchy eclogitised continental crust: the Lago della Vecchia pre-Alpine metagranite (Sesia-Lanzo Zone,
Western Italian Alps)

Page 5



Lithotypes

Metagranites are divided into two groups, distinguish-
ed on the basis of mesoscopic fabrics: 1) Coronitic meta-
granites and 2) deformed metagranites; minor lithotypes
are metapelites, glaucophanites, eclogites and dykes, fur-
ther distinguished on the basis of their mineral assemb-
lages.

The deformed metagranites constitute the most com-
mon lithotype in the area (Fig. 2); they are characterized
by a well-developed foliation marked by shape preferred
orientation (SPO) of white mica and quartz (Fig. 2). Om-
phacite and glaucophane are also characterized by SPO
generally parallel to the main foliation. Eclogites occur as
decametre to metre-thick boudins within deformed meta-
granites (Fig. 2). Glaucophanite bodies may reach ten of
meters of width and hundred of meters of length. The
SPO of glaucophane marks the lineation within glauco-
phanites whereas the SPO of omphacite defines the linea-
tion in eclogites.

Coronitic (i.e. undeformed) metagranites have been
found in two localities within phengitic-mica + ompha-
cite-bearing gneisses as meter-size lenses (Fig. 2). Coro-
nitic metagranite is constitute by quartz (30-40%) + pla-
gioclase (30-35%) + biotite (15-25%) + K-feldspar
(5-10%) ± white mica (< 5%). K-feldspar, biotite and
plagioclase are euhedral to subhedral while quartz is an-
hedral being interstitial among other phases. The aggre-
gates of coronitic metagranites are inequigranular, polyg-
onal to interlobate where K-feldspar defines up to 1.5 cm
crystals (Fig. 3a); plagioclase, biotite, white mica and
quartz size varies from < 2 mm to 5 mm.

Geological evolution and mesostructures

Geological map of figure 2 shows the distribution of
main structures; the area is characterized by a penetrative
mineralogical foliation marked by SPO of eclogite facies
minerals, varying as a function of the bulk rock chemis-
try.

As metre-scale relict volumes, undeformed igneous
textures are still preserved, wrapped by the eclogitic foli-
ations. Magmatic structures are abbreviated Mag while
deformational D, both with subscripts that refers to the
relative chronology, from older (e.g. Mag0) to younger
(D5).

On the basis of the mesostructural overprinting rela-
tions the following superimposed groups of structures
have been divided:

Isotropic textures are preserved in coronitic metagran-
ites (Mag0) (Fig. 3a). They are characterized by pre-
served biotite, K-feldspar and plagioclase euhedral-sub-
hedral grains and interstitial quartz. Biotite preserves a
dark red color and its size ranges from 0.5 cm to 2 cm. K-
feldspar may occur as white to pink up to 2.5 cm grains.
Plagioclase has a white to greenish colour and sizes from
1 to 2 cm.

During D1 and D2 a mm-thick foliation develops
within deformed metagranites (S1); S1 is marked by SPO
of white-mica, quartz and omphacite; cm-thick ompha-
cite grains also define S1 (Fig. 3b,c,d). Glaucophane SPO
marks the S1 foliation within glaucophane-bearing de-
formed metagranitoids together with Wm aggregates.
During D1 boudinage occurs, producing meter-scale bou-
dins of eclogites and glaucophanites. Within boudins the
S1 foliation is marked by SPO of omphacite, glauco-
phane and white mica.

During D2, S1 is folded (Fig. 3c) and an axial planar
foliation S2 formed. S2 is marked by the SPO of white
mica, omphacite, glaucophane and quartz in deformed
metagranites; elongated boudins of eclogites and glauco-
phanites also occur parallel to S2 (Fig. 3e,g). Within the
boudins S1 shows an high angle with respect to external
S2 and lithological boundaries.

D3 is associated with open folding at metre-scale with
steep axial plane E-W dipping. D3 folding is generally
associated with discrete ductile-brittle shear zones and a
localised crenulation cleavage marked by white mica ±
chlorite.

During Mag4 the intrusion of andesitic dykes occurs
in the whole area. Andesitic dykes are 50cm to 1-2m
thick and generally crosscut all lithotypes and foliations.
These dykes have been dated across the Sesia-Lanzo
Zone at about 29-33 Ma (Scheuring et al. 1973; Kapferer
et al. 2009) (Fig. 3h).

D5 is associated with fracturing and faulting that in-
volve all lithotypes.
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Figure 3. Mesostructural features of the Lago della Vecchia metagranite and associated rocks

A) coronitc metagranite preserving igneous textures and mineralogy. Cm-sized K-feldspar crystals and mm-sized biotite
are visible in the photograph. Pale-brown aggregates corresponds to plagioclase crystals replaced by aggregates of epi-
dote and white mica. B) Localised shear zone occurring within the metagranite body along lithological contact with leu-
cocratic granite. S-C foliations develop in few centimeters within the undeformed granite. C) Within deformed metagran-

ites the foliation marked by shape preferred orientation of white mica, omphacite and quartz is locally folded. D) Dark,
centimeter-sized stretched enclaves in mylonitic metagranite. The mylonitic foliation in the metagranite is marked by

shape preferred orientation of quartz, white mica and omphacite, while it is marked by omphacite and glaucophane in the
enclaves. E) Omphacite, garnet, white mica epidote eclogite. F) Garnet-bearing leucocratic metagranite. Cm-sized garnet
show mm-sized corona of glaucophane; glaucophane mm-sized crystals form aggregates slightly oriented parallel to the

foliation. G) Metre-sized eclogite boudins within deformed metagranite. H) Andesitic dykes crosscutting foliated meta-
granite.
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Microstructural Analysis
We will focus on coronitic microstructures developed

over the Mag0 parageneses aiming to reconstruct the mi-
crostructural and chemical evolution of igneous microdo-
main during the Alpine evolution. At macro- and micro-
scopic scale, four igneous microdomains have been dis-
tinguished: biotite (BtI), white mica (WmI), plagioclase
(PlI), K-feldspar (KfsI). Each microdomain is character-
ized by the development of peculiar microtextures and
mineral assemblages during the Alpine evolution (Figs.
4, 5, 6).

Igneous biotite microdomain (BtI)

BtI occurs as 0.5-5 mm sized single crystals or aggre-
gates of grains of low relief. BtI exhibits red-brown col-
ours with a pleochroism from brown to reddish brown,
tabular (001) habit and pseudo-hexagonal outline. Inner
part of crystals are darker whereas rims are lighter (Fig.
4). BtI may be in contact with Qtz, PlI and WmI.

The boundaries between BtI and quartz do not show
any corona or reaction rims, whereas coronas develop at
the boundaries between BtI and PlI (Fig. 4b,d,e,f); BtI-PlI
boundaries are delimited by a continuous corona of GrtI
(Fig. 4a-f). Toward BtI grains, GrtI corona is associated
with grains of about 30-50 µm of white mica (WmII) and
pale brown BtII, defining a composite corona; corre-
spondingly, toward PlI microdomains GrtI is associated
with aggregates of < 10µm of WmII (Fig. 4b-f). GrtI is
cleaner towards PlI microdomain than toward BtI (Fig.
4b, c). This feature is clear at BSE images (Fig. 4e,f)
where the darker part of the GrtI corona is always the one
towards the PlI microdomains, where it is in contact with
WmII; the lighter part of the corona always face toward
BtI microdomains associated with large WmII crystals.
GrtI growing on the BtI side are also characterized by in-
clusions of Qtz.

Igneous white mica microdomain (WmI)

WmI occurs as single crystals (Fig. 4g,h) of 0.2–1
mm, showing perfect cleavage (001). Undulose extinc-
tion occurs (Fig. 4g,h) and it is often associated with a
gentle folding of the WmI grains. WmI crystals are sur-
rounded by thin aggregates of WmII. Where WmI is in
contact with PlI, corona of WmII and GrtI develop: they
are similar to the ones observed between BtI and PlI (Fig.

4h). WmII close to the WmI crystals have a coarser grain-
size than WmII-aggregates at the WmI-PlI microdomain
boundaries (Fig. 4g).

Igneous plagioclase microdomain (PlI)

PlI is not preserved but corresponding pseudomorphic
assemblages are easily distinguished by their meso- and
microscopic shape and mineral association (Fig.
4a,b,d,e). PlI microdomains are several mm in their size
and have rectangular shapes; they are constituted by fine-
grained aggregates of EpI + WmII + PlII ± GrtI (Fig. 4)
that replace the cores of PlI. PlI rims are characterised by
coarse grained aggregates of WmII at the PlI-BtI and PlI-
WmI boundaries (Fig. 5f). Fine-grained aggregates of EpI
+ WmII + PlII + Grt occur at the PlI-KfsI microdomain
boundaries (Fig. 5b-d).

Igneous k-feldspar microdomain (KfsI)

Several cm-thick KfsI microdomains are preserved
(Fig. 3a). KfsI occurs as single crystals characterized by
tartan twinning (Fig. 5d), deformation bends and undu-
lose extinction (Fig. 5e). KfsI is fractured and partially
replaced by aggregates of PlII (Ab). Coarse-grained
(0.5-1 mm) PlII typically replaces KfsI from rims (Fig.
5d) or within fractures and forms aggregates of several
mm. PlII may show simple or polysynthetic twinning.
Fine-grained (< 50µm) WmII + PlII define corona be-
tween KfsI and PlI microdomains. Moreover, several mm
to cm sized igneous allanite (AlnI) occurs within coronit-
ic metagranites (Fig. 5g,h). AlnI is characterized by
chemical zoning and it is often associated with igneous
Ttn (Fig. 5g).

Summary of microstructural analysis

The excellent preservation of the geometry of the ig-
neous microdomain, as well locally mineralogy, allowed
definition of the reactions that occurred at specific do-
main boundaries and reconstruction of the primary igne-
ous assemblage, constituted by: BtI + WmI + Qtz + Kfs +
PlI ± Aln ± Ttn. At the boundaries between BtI and PlI
microdomains, two coronas develop: 1) BtII + WmII +
GrtI; 2) WmII + GrtI. The WmII + GrtI + Ep + Ab aggre-
gates occur between WmI and PlI and KfsI – PlI microdo-
mains and pseudomorphically replace PlI cores. The KfsI
cores are partly to completely substituted by Ab from the
PlI - Kfs boundaries or along fractures.
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Figure 4. Microphotographs

A) Igneous biotite, plagioclase, white mica and quartz microdomains are well distinguishable: igneous plagioclase is re-
placed by fine-grained aggregates with high relief. The boundaries between ex-plagioclase and BtI microdomains are

marked by continuous GrtI + WmII corona. B and C) Details of the GrtI + WmII corona at the boundary BtI-PlI. D, E and F)
BSE-SEM image of BtI – PlI microdomain. A continuous corona of garnet defines the boundary between BtI and original
igneous plagioclase. WmII grows in association with epidote and albite in plagioclase. Garnet shows clear zoning: the
inner part, BtI-facing, is lighter and rich in quartz inclusions; the external part, PlI-facing, is darker and clean. G) WmI

surrounded by thin aggregates of WmII. H) BSE-SEM of the WmI microdomain associated with aggregates of WmII + Grt
+ Ep + Ab.
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Figure 5. Microphotographs

A) Plane polarized light image of large K-feldspar site partially substituted by a pale-brown aggregate of albite. B) Image
A - crossed polars. C) Detail of B; fine-grained aggregates of WmII associated with fine grained Ab that replace PlI; left

side of the microphotograph is occupied by large PlII (Ab) aggregates substituting Kfs megacrystals. D) Kfs megacrystals
characterized by tartan twinning partially substituted by aggregates of PlII (Ab) at the rims. Right side of the microphoto-
graph: fine-grained aggregate of PlII+Ep+WmII substituting the PlI microdomains. E) Large crystals of Kfs with undulose
extinction and PlII aggregates. F) BSE-SEM image of PlI microdomain completely substituted by aggregates of PlII+WmII
+Ep±Qtz and crystals of BtI rimmed by BtII and WmII crystals. G) Igneous allanite in contact with igneous titanite. Aln is
characterized by zoning from brown core to pale-brown, colorless rims. H) X-ray map image showing the distribution of

Th in the igneous allanite.
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Mineral chemistry
X-Ray maps and minerals were analysed (Table 1)

with an Electron Microprobe (EPMA) and a Scanning
Electron Microscope (SEM) at the Dipartimento di Sci-
enze della Terra “A. Desio” – Università degli Studi di
Milano. The operating conditions were 20kV accelerating
voltage, filament intensity 1.70A and probe intensity of
280pA. Beam sizes were < 1µm, 4µm and 10µm. Natural
silicates were used as standards and matrix corrections
were calculated with ZAF (Z=atomic number, A=absorp-
tion, F=fluorescence) procedure.

The relative chronology used for mineral phases (e.g.
BtI and BtII; WmI and WmII) is inferred from microstruc-
tural analysis and thus only corresponds to the micro-
structural sites occupied by each group of minerals, their
textures, microstructures and optical properties. The in-
ferred chronology does not necessarily correspond to dif-
ferences in chemical composition.

In this paragraph mineral phases chemical composi-
tions are discussed with respect to the microstructural rel-
ative chronology, to check the occurrence of the expected
chemical variation.

Figure Table 1. Selected chemical compositions for principal mineral phases, separated on the basis of their
microstructural position.
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Biotite (Bt)

Igneous biotites (BtI in Figs. 4, 6, 7, Table 1 are char-
acterized by high Ti content that ranges from 0.30 to 0.55
a.p.f.u. Ti content intervals correspond to Mg contents
ranging from 1.89 to 1.57 a.p.f.u. Fetot (all Fe as Fe2+)
ranges from 3.00 to 4.22 a.p.f.u. and AlVI from 0.20 to
0.40 a.p.f.u. (Table 1). These chemical intervals (Fig. 7)
correspond to igneous composition (Deer et al. 1996).

BtII corresponds to the darker parts of BtI grains in
BSE images (Fig. 4, Fig. 7) or generally to the rims of BtI
grains; BtII is generally enriched in Mg and poorer in Ti
with respect to BtI (Fig 7). These trends are well descri-
bed in Fig. 7 where the Ti vs. Mg diagram shows this
continuous relation.
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Figure 6. Schematic and Panoramic views

A) Schematic view of the igneous microdomain and their main features during the post-igneous transformations inferred
from microstructural analysis. B) Panoramic view of the relations between igneous microdomains and Alpine coronas

with details for each specific microstructure and mineral assemblage. Red dashed lines indicate inferred grain bounda-
ries between igneous minerals.
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Figure 7. Diagrams showing the Biotite and Garnet chemical compositions and variations with respect to their positions
within corona textures.

Ti vs. Mg/(Mg+Fe) diagram of biotites also shows the evolution from high-temperature BtI to lower-temperature BtII as
described by Henry et al. (2005). Color-enhanced X-ray maps show the distribution of Ca, Fe, Mg and Ti in the reaction

corona between PlI and BtI.
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Figure 8. Compositional diagrams of white mica and epidote. A) Compositional diagrams of white mica and epidote
showing the compositional variations of the mineral phases with respect to the occupied positions as displayed in

BSE-SEM images and microphotographs.
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White Mica (Wm)

WmI is phengitic mica and displays a wide range in
composition: Si content varies from 6.38 to 6.88 a.p.f.u.,
AlVI from 2.86 to 3.55 a.p.f.u., Fetot from 0.18 to 0.70
a.p.f.u. and Mg from 0.25 to 0.72 a.p.f.u. These chemical
variations do not correspond to a regular zoning within
WmI grains.

WmII is phengitic mica and is characterized by contin-
uous compositional ranges for Si content, from 6.30 to
6.95 a.p.f.u., AlVI content, from 2.75 to 3.65 a.p.f.u., Fetot

content, from 0.2 to 0.78 a.p.f.u. and Mg content from
0.18 to 0.75 a.p.f.u. WmII grown within PlI pseudomor-
phic microdomains shows two stages of growth (Fig. 8),
characterized by an increase in Mg and Fetot contents
from core to rim, respectively > 0.45 a.p.f.u. and > 0.40
a.p.f.u. (Tab. 1).

Ti content varies from 0.0 to 0.20 a.p.f.u. and highest
values are found in WmII within PlI microdomains as
cores of lower Ti content WmII (Fig. 8).

Garnet (Grt)

The GrtI composition is controlled by the growing mi-
crodomain and by the adjacent mineral phases.

GrtI is Grs-rich (45-55 %) where it is in association
with WmII, Ab and Ep within PlI microdomains (Fig. 4);
in these GrtI, Alm ranges from 40 to 50% and Pyp < 15%
(Fig. 7). More complex is the compositional pattern of
GrtI defining corona between WmI or BtI and PlI micrdo-
mains; X-ray maps (Fig. 7) show the sharp chemical var-
iation of these corona: BtI-facing GrtI is Ca-poor and Fe-
rich while, oppositely, PlI-facing GrtI is enriched in Ca
and depleted in Fe. The composition of GrtI grown to-
wards BtI shows a Ca content that ranges from 0.30 to
1.00 a.p.f.u. Fetot varies from 1.80 and 2.34 a.p.f.u. (Fig.
7). Corresponding GrtI growing towards PlI are charac-
terized by Ca content from 1.20 to 1.70 a.p.f.u., Fetot

from 1.25 and 1.80 a.p.f.u. Mg content in corona-Grt
ranges from < 0.1 to 0.37 a.p.f.u. where highest contents
are generally in BtI-facing GrtI. GrtI grown at the boun-
daries of WmI shows an intermediate composition: Ca
ranges from 1.00 to 1.40 a.p.f.u., Fetot from 1.48 to 1.93
a.p.f.u. and Mg from 0.07 to 0.16 a.p.f.u. (Tab. 1). Fe3+

content for all GrtI is commonly low, having maximum
content of 0.07 a.p.f.u.

Feldspar (K-feldspar and plagioclase)

K content in K-feldspar is always > 0.8 a.p.f.u. while
in PlII Na content is always > 0.90 a.p.f.u. Both Kfs and
PlII have Ca content < 0.07 a.p.f.u.

Epidote (Ep)

EpI are Fe-rich epidote and zoisite (Fig. 8). Fe3+ con-
tent in epidote ranges from 0 to 1.47 a.p.f.u. that corre-
sponds respectively to AlVI content 0 to 1.6 a.p.f.u. In
zoisite Fe3+ is < 0.2 a.p.f.u. and AlVI content ranges from
2.8 to 3.0 a.p.f.u. (Tab. 1). Epidote corresponds to higher
Fe3+ contents (0.3 – 0.75) and lower AlVI (2.2 – 2.6).

Chlorite (Chl)

Fetot content in Chl varies from 5.00 to 5.94 a.p.f.u.,
Mg content from 3.20 to 4.01 and AlVI from 2.37 to 2.67
a.p.f.u. (Tab. 1).

Titanite (Ttn)

Ti content in titanite varies from 1.78 in igneous titan-
ite (Tab. 1) to 1.18 a.p.f.u. in metamorphic titanite. Al
content varies from 0.13 to 0.89 a.p.f.u.

Chemical profiles

Figure 10 shows qualitative chemical profiles ob-
tained from X-rays maps, using ImageJ (Rasband, 1997;
Prenzel et al. 2009). Distances (i.e. abscissae) are in µm,
while intensities are in count per seconds.

Fe and Ca contents profiles (Fig. 10) are characterized
by a typical pattern that reflect to the microdomain geom-
etry and the chemical partitioning due to the microstruc-
tural positions (Kohn, 2003). In particular the GrtI profile
at the boundary between PlI and BtI microdomains is
commonly described by a low Fe content toward the PlI
domain; the Fe content sudden increases and then decrea-
ses toward BtI. Ca content shows highest values at the
boundaries with PlI, higher than Fe contents, quickly de-
creasing toward the middle of the grain and toward BtI.
Ca and Fe profiles intersect at intermediate values and
highest Fe and Ca contents are generally comparable (see
mineral analyses).
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Figure 9. Image analysis procedure

A) Image analysis procedure: from the original image, successive grey-scale thresholds intervals allow to define black-
white images separating background (white), garnet, biotite, white mica and albite+quartz.

Such chemical relations allow to infer the most likely
position of the former grain boundary between biotite
and plagioclase, which may be located in correspondence
of the fast decrease Fe and corresponding Ca content in-
crease.

• Step 1)
BtI → BtII + WmII + Alm-rich GrtI
PlI stable

• Step 2)
BtI + Ca2+ (PlI) → BtII + WmII + Grs-rich GrtI
WmI + Ca2+ (PlI) → WmII + Grt
PlI + H2O + K+ + Ti4+ + Mg2+ +Fe2+ → Ab + WmII +
Ep ± Grt
PlI rim + H2O + K+ + Ti4+ + Mg2+ +Fe2+ → WmII +
Ab ± Ep ± GrtI
PlI core + H2O + K+ → WmII + Ep + Ab + GrtI

• Step 3)
K-feldspar + Na+ → Ab + K+

Image Analysis (Modal proportion analysis)

From BSE images composite scripts with open source
ImageJ software (Rasband, 1997; Abramoff 2004) have
been used to separate individual mineral phases and then
obtain their amount. The automated scripts allow to sepa-
rate object using their colours in the grey scale. BSE im-
ages are well suited for this purpose. This analysis has
been performed on 4 main microdomain: PlI cores, al-
lowing to quantify the amount of Ep, WmII and Ab con-
stituting the fine-grained aggregates that substitute PlI;
PlI rims, constituted by coarse grained WmII + PlI-facing
Grt; WmI, constituted by WmII + Ep + Ab + GrtI + Qtz;
BtI, constituted by BtI + WmII + BtI-facing Grt. The auto-
mated scripts run 8-bit conversion, set thresholds to spe-
cific interval from 0 (black) to 255 (white), previously set
on the basis of the grey intervals at BSE images for each
phase (0-35 Ab and Qtz; 35-75 Wm; 76-125 Ep; 95-135
Bt; 145-255 Grt). The obtained images are now binary
(black and white) where black corresponds to the
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investigated phase; the last step is the measurement of the
black pixels with respect to the total (Fig. 9, Tab. 2). The
latter quantity corresponds to the amount of the investi-
gated phase. The same procedure is repeated for each
mineral phase (i.e. Ep, Ab, Wm, Grt). Table 2 reports the

mean results of these calculations performed on PlI (cores
and rims), BtI, WmI microdomains. The obtained values
are combined with modal amounts of each phase to cal-
culate the bulk compositions for each microdomain.

Figure 10. Qualitative chemical profiles along the GrtI coronas at BtI – PlI boundaries.

Fe-content X-ray map shows the location of the profile lines. On top of the chemical profiles different colors correspond
to the crossed mineral phases.
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Figure Table 2. A) Modal amounts obtained from the image analysis on BtI, WmI, WmII+Grt, PlI microdomains; B) Effective
bulk compositions obtained by combining modal amounts from image analysis and mineral phases compositions of Table
1.
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Pressure-Temperature conditions
Pressure estimates have been performed using Si4+

content in phengitic micas (WmI and WmII) (Massonne
and Schreyer 1987); temperature estimates have been
done using Ti and AlVI contents in biotite (Schreurs
1985; Henry et al., 2005), garnet-biotite exchange
(Thompson 1976; Holdaway and Lee 1977; Ferry and
Spear 1978; Dasgupta et al. 1991; Perchuk 1991; Bhatta-
charaya et al. 1992), garnet-white mica (Green and Hell-
man, 1982; Hynes and Forest, 1988).

BtI microdomain

Temperatures of 700 to 730°C (Table 1) are estimated
for highest Ti-rich biotite (BtI) using the calibration of
Henry et al. (2005) with a standard deviation of 30°C.
Such temperatures may be addressed to the pre-Alpine
stage of this rock and likely to the igneous crystallization
phase. At the rims of the BtI, GrtI is in contact with

biotite with different compositions from BtI, Fe-Ti-rich,
to BtII Ti-poor Mg-richer; the garnet-biotite calibrations
applied on these pairs give three T intervals: 400-550°C,
550-620°C and 650-750°C in a range of P = 3-10kbar.
The lower T interval corresponds to BtII with a more re-
equilibrated composition. At the same rims WmII+GrtI
also occurs and the application of garnet-phengite ther-
mometer gives a T intervals 500°±50C in the pressure
range 3-10kbar.

Pressure estimates using the Si4+ content in phengitic
micas (WmII) give P = 10-12.5 kbar in the T range
450-600°C.

Pl microdomain

PlI microdomains are characterized by coarse rim of
WmII + GrtI. Garnet-phengite calibrations applied on
these pairs give T = 370±30°C in the pressure range of
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3-10kbar. Si4+ content in WmII gives P = 10-12.5 kbar in
the T range 450-650°C.

Summing up, a pre-Alpine stage is still recorded by
the BtI composition that suggest T = 700-730°C, while no
pressure estimates are available for this stage. The Alpine
re-equilibration occurred at T between 450 and 550°C
and minimum P at 10-12 kbar.

Discussion
The coronitic metagranite of the Lago della Vecchia is

characterized by the preservation of igneous textures but
a partial to total replacement of primary minerals. The
Alpine evolution produced reactions and corona textures
by the exchange of chemical elements, occurring at dif-
ferent times, between adjacent minerals.

Igneous biotite is partly preserved, white mica and
quartz grains record re-equilibration but relicts are still
preserved; plagioclase and K-feldspar are nearly com-
pletely replaced by Alpine parageneses. The mineralogy,
grain-size and thickness of the Alpine reaction rims and
corona depend on the nature of the reacting domains,
chemistry and position in the rock body of the reacting
microdomains.

The microstructural study presented here show the de-
velopment of a series of textures:

• Biotite microdomain at contact with plagioclase – two
coronas are observed: 1) BtII + WmII + Alm-rich GrtI;
2) WmII + Grs-rich Grt coronas;

• White mica microdomain with plagioclase: a single
WmII + Grt + Ep + Ab corona develops;

• K-feldspar microdomain with plagioclase: a single Ab
+ WmII ± Ep ± Grt corona develops;

• Plagioclase core microdomain: Ab + WmII (fine-
grained) + Ep ± Grt;

• K-feldspar core microdomain: large igneous grains are
partly to completely replaced by Ab from the plagio-
clase-K-feldspar boundaries or along fractures.

These microstructures and chemical patterns display
peculiar characters elsewhere described for similar rocks,
with some differences.

From the Sesia-Lanzo Zone the example of the Mu-
crone and the Mars metagranites and metagranodiorites
are well known (Oberhansli, 1985; Koons et al. 1987;
Zucali et al., 2002; Bruno and Rubbo, 2006). They are
characterized by microstructural relicts of the igneous

assemblages, now completely replaced by the eclogite fa-
cies Alpine mineral assemblages, except for local biotite
and amphibole (Rubbo et al., 1999; Zucali et al. 2002b).

Despite the microstructural similarities, the presented
microstructures differ from those of the Monte Mucrone-
Mars for the metamorphic assemblages produced within
original igneous plagioclase microdomain and, in particu-
lar, the absence of jadeite in the rocks of the Lago della
Vecchia. The plagioclase microdomain in the Mucrone
metagranite is replaced by aggregates of Jd + Grt + Wm
+ Qtz while at the Lago della Vecchia, Zo + Wm + Grt +
Qtz + Ab aggregates replace the plagioclase. Microstruc-
tures and mineral assemblages within the other igneous
domains are similar as well the compositions. Moreover,
similar garnet corona have been described for the eclo-
gite facies Alpine metamorphism from metapelites of the
Monte Rosa nappe, Western Italian Alps (Keller et al.,
2004; 2006). The microstructures and chemical variations
are described as enhanced by mass transfer through
short-circuit diffusion, where nanometer wide channels
occur as direct links between reaction fronts, providing
fast diffusion preferred paths. Chemical profiles of the
garnet corona between BtI and PlI domains suggest diffu-
sive mass transfer for the growth of garnet during the
high pressure metamorphic event as inferred by Keller et
al. (2006) and Bruno and Rubbo (2006).

The garnet growth may have started with an homoge-
nous composition (Alm-rich), produced until Pl was sta-
ble; when PlI released Ca the Grs content consequently
increased, starting from the grain boundary with PlI and
Alm decreased (Fig. 10). Grs content increase stopped
when Zo became stable. At this point the Ab should have
become unstable as the reaction curve Ab = Jd + Qtz was
crossed, but this does not seem to have occurred in this
rocks. However, as suggested by Konrad-Schmolke
(2005), the complex evolution of garnet growth and the
limited element supply during the growth evolution may
mask the thermobarometric history.

The calculated composition of the plagioclase core
(Table 2; Plagioclase microdomain) differs from an igne-
ous oligoclase composition (e.g. Na0.8Ca0.2Al1.2Si2.8O8);
the reconstructed Pl composition is enriched in K2O
(2.50 wt%), MgO (1.15 wt%), FeO (2.01 wt%), Fe2O3
(1.95 wt%) and H2O (e.g. Zo and Wm) and it is depleted
in Na2O (< 4.00 wt%).
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Following the combination of microstructural criteria
and chemical observations it is possible to describe un-
balanced qualitative reactions, involving the igneous
mineral chemistry and adding other chemical species to
account for diffusion, most likely enhanced by the H2O
produced by the progressive break-down of biotite at
high pressure (Fig. 11):

• BtI → BtII + WmII + Alm-rich GrtI
• BtI + Ca2+ (PlI) → BtII + WmII + Grs-rich GrtI
• WmI + Ca2+ (PlI) → WmII + Grt
• PlI + H2O + K+ + Ti4+ + Mg2+ +Fe2+ → Ab + WmII +

Ep ± Grt
• PlI rim + H2O + K+ + Ti4+ + Mg2+ +Fe2+ → WmII +

Ab ± Ep ± GrtI
• PlI core + H2O + K+ → WmII + Ep + Ab + GrtI
• K-feldspar + Na+ → Ab + K+

Thermobarometrical estimates of the Alpine evolution
(Fig. 11) point to a blueschists facies conditions re-equili-
bration at P = 12.5kbar and T = 450-550°C, where the
pressure are limited due to the absence of jadeite or om-
phacite in the assemblage.

Conversely, the mesoscopic observations (Figs. 2, 3)
and the field continuity with the rest of the Eclogitic Mi-
caschists Complex, where the stable associations devel-
oped under eclogite facies conditions at P > 20kbar and T
= 500-550°C (Tropper and Essene, 2002; Zucali 2002a,
b; Zucali and Spalla, 2011), suggest consideration of sim-
ilar P-T conditions for these rocks.

In support of this hypothesis, garnet growth modelling
for the Monte Mucrone (Bruno and Rubbo, 2006) pre-
dicts peak conditions of P > 16kbar and T = 550-600°C;
qualitative comparison of chemical evolutions of the gar-
net corona from the Lago della Vecchia with those de-
scribed for the Monte Mucrone and their similar size
(30-70 µm) allows a similar growth model and, conse-
quently, inference of similar P-T conditions of growth for
the GrtI corona, in agreement with mesoscopic observa-
tions (Fig. 2). But there is still a discrepancy regarding
the absence of Na-pyroxene and the widespread presence
of Ab within Pl and Kfs domains, since albite should be
replaced by high pressure assemblages as jadeite +
quartz, while attaining eclogite facies conditions.

Future analyses should aim at defining the P-T condi-
tions reached by surrounding deformed metagranites to
discriminate between the two possible interpretations: i)
the coronitic metagranites only recorded part of the pro-
grade path while the surrounding rocks recorded peak
conditions (e.g. Arenas and Martinez Catalán, 2002); ii)
the Lago della Vecchia metagranites suffered lower pres-
sure conditions compared to the southern part of the same
Eclogitic Micaschists Complex (e.g. Monte Mucrone-
Monte Mars area).

The P-T estimates for the igneous stage provide T =
700-730°C, obtained from the igneous BtI compositions.
No other constraints are available for this pre-Alpine
stage.
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Figure 11. P-T-t path of the Lago della Vecchia metagranite

P-T-t path of the Lago della Vecchia metagranite using microstructural analysis and thermobarometrical estimates from
this work and P-T estimates from Zucali et al. (2002a) for comparison with similar evolution of the high strain rock vol-

umes within the same Eclogitic Micaschists Complex and reference to pre-Alpine igneous crystallization P-T conditions.
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Conclusions
The absence of deformation in these samples of the

Lago della Vecchia area permits the preservation of pre-
eclogitic microstructures and assemblages, even where
the Alpine metamorphic overprint is penetrative (i.e. the
Eclogite Micaschists Complex).

The eclogite-facies re-equilibration is also testified by
assemblages that resemble those of other area of the
Eclogitic Micaschists Complex.

Coronitic microstructures reflect the stages of the pro-
grade biotite break-down thorough a series of continuous
reactions that progressively change the biotite composi-
tion, producing garnet coronas. Igneous primary plagio-
clase breakdown occurs during the burial stages and al-
lows stabilization of Ca-phases as epidote and grossular-
rich garnet coronas. Plagioclase break-down is also asso-
ciated with the growth of hydrous minerals such as phen-
gitic mica and epidote that imply a contribution of H2O
and K2O to the reactions.

H2O may have an important role on the diffusive mass
transfer, enhancing metamorphic reactions and providing

chemical feeds to all reactions observed in the coronitic
metagranite of the Lago della Vecchia: e.g. plagioclaseI
cores, plagioclaseI rims, biotiteI rims, white micaI rims.

Deformation is absent within the studied samples of
coronitic metagranite of the Lago della Vecchia but it is
evident that the transformations are much more evolved
within deformed volumes of metagranite than in the un-
deformed ones as shown in other field-based studies
(Spalla et al, 2004) or at laboratory scale (Holyhoke and
Tullis, 2006). Within the Lago della Vecchia metagranite
deformation enhanced reaction kinetics in the progress of
metamorphic transformations, as previously suggested by
Hobbs et al. (2010) although the role of fluids during pre-
burial and burial stages is still not understood.
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