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Geological setting and Problematic HP rocks in the Variscan Belt
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‘ Numerous eclogitic occurrences
throught the whole Variscan belt

and also in the ECMs.



Geological setting and Problematic HP rocks in the Variscan Belt

Geodynamical scenarii : Guillot & Ménot., 2009
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Geological setting and Problematic Aiguilles-Rouges massif
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Structural analysis

Lac Cornu eclogites
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Structural analysis

D1

® D1 is arelictual deformation, observed in
low-D2 strain domains.

® D1 forms a sub-horizontal S1 foliation
slightly deeping toward the SW.

® Slis presentin the whole gneissic
basement and is missing in the suprastructural
Carboniferous (presumed) sediments.

® Mineral or stretching lineations L1 have
been observed but D1 kinematic remains
uncertain.
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Structural analysis

D2

® D2 isthe most pervasive deformation of
the massif.

® D2 folds S1 and forms a sub-vertical S2
foliation oriented N160.
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Structural analysis

D2

® S2 holds a weakly to moderately plunging
mineral and stretching L2 lineations along
which dextral shearing is conspicuous.

® Shear strain increases towards the NE with
a anastomosed network of centimetric to
decametric shear zones arranged in a S-C-C’
pattern (S2 N160, C2 N10 and C’2 N30).
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Structural analysis

D3

® D3 forms meter to decameter localized
domains where D2 is reworked by open tight F3
folds with a sub-horizontal S3 cleavage.

® D3 isonly present in the Lower-
Carboniferous sediments and in the
"Riouperoux Livet" type gneisses.

® L3 mineral and stretching lineations are
gently dipping towards the
NW or the SE. D3 =
Kinematics remains

unknown. ' ‘
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Deformation/Metamorphism relationships Cornu Lake Eclogites

Cornu Lake eclogites

Retrogression from Eclogitic facies to
low-T° amphibolitic facies




Deformation/Metamorphism relationships Cornu Lake Eclogites

3 main parageneses :

- Gtl + Omph + Qtz + Rt + Al

- Gt2 + Sympl(Cpx + Pl =
breakdown Omph) + Amph1 +
Qtz + Rt/lim

- Amph2 + Pl (Breakdown Gt) +
Ttn




Deformation/Metamorphism relationships Thermobarometric results

* HP paragenesis
Gtl + Omph +q+ru
NCFMASHTO

P peak at ca. 700°C and 17.5
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Thermobarometric results

Deformation/Metamorphism relationships

* HT paragenesis
Gt2 + Sympl(Cpx + Pl) + Amph1 + g + ru/llm (+ Opx)
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Deformation/Metamorphism relationships

EBSD data

Gt inclusions (Omph1, g, ru)
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Deformation/Metamorphism relationships Thermobarometric results

* retrogressed paragenesis
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Deformation/Metamorphism relationships EBSD data

- Amph + Pl + Ttn retromorphose
is syn D2




Geochronology Thermobarometric results

Several samples are ready to be analysed by LA-ICPMS in order to constrain the
tectonic, magmatic and metamorphic evolution of the ARM, such as rutiles, zircons and
titanites from Cornu Lake eclogites.

Zircons from Cornu Lake eclogites

Rutile and Titanites from Cornu Lake
retrogressed eclogites

Unfortunately, the dating session has been cancelled because of the Covid-19 .

‘ Results in July !!! .



Discussion Ages of Dx, D1, D2, D3

Age of HP metamorphism:

- 395 + 2 Ma proposed by Paquette et al. (1989) on eclogite from Belledonne massif.

- Ages at ca. 340 Ma on eclogites from ARM (Bussy et al., 2011), Belledone and Pelvoux
massifs (Jacob et al., 2020), Argentera massif (Rubatto et al., 2010)

—> age at ca. 340 Ma seems more robust (A age at 340 Ma on an Amph from retrogressed
eclogite by Jouffray et al., 2020)

Age of HT metamorphism and D1:

- Coeval with Pormenaz granite (332+ 2 Ma) and T° peak of metamorphism dated at 327 +
2 Ma in micaschists (Bussy et al., 2000) ors . | |
— age between ca. 325-335 Ma _ ’,:[ AR-73 }

0.070 960

Granite Vallorcine

Age of D2 dextral shearing: voss |
- Generally interpreted as coeval with Montées- - 800

Pélissiers granite (331 + 2 Ma; Bussy et al., 2000) £ 09 d@ N
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s 0038 22 Zircons ' _
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* Continuum of partial melting from D1 to D3 v e . .
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Discussion P-T-t-D paths
P-T-t-D evolution of the Cornu Lake Comparison with others P-T
eclogite from the ARM estimations in the ECMs.
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Fast tectonic evolution from the HP metamorphism and D2 dextral shearing.
T and P higher than others studies of the ECMS. »



Discussion Evolution of the ARM

High pressure origin ?

* D2 dextral shearing occurs in the whole Variscan belt in a mature thick crust and is
considered as late-orogenic evolution (e.g. Ballevre et al., 2018)

* Time span between the HP metamorphism and the beginning of D2 shearing (= 10 Ma)
is too short for the subduction scenario in the ECMs (Jouffray et al., 2020; Rubatto et
al., 2010; Guillot et al., 2009)

- HP metamorphism is interpreted as equilibrated lower crust exhumed thanks to

vertical shear zones (D2) (Jacob et al., 2020; Whitney et al., 2015).

Possible evolution of the ARM and of the ECMs

* Dx nappe stacking until 340 Ma (Fréville, 2016) with HP metamorphism in the lower
crust

* D1 thermal relaxation (peak of T) and lateral flow (335-325 Ma)

» D2 dextral shearing along with lateral flow (330 -305 Ma) - exhumation of the lower
crust

e D3 crustal thinning related to orogenic collapse ? (305 - ? Ma)

20



References

Ballevre M, Manzotti P, Dal Piaz GV. 2018. Pre-Alpine (Variscan)
Inheritance: A Key for the Location of the Future Valaisan
Basin (Western Alps). Tectonics 37, 786-817

Bussy F, Hernandez J, Von Raumer J. 2000. Bimodal magmatism as a
consequence of the post-collisional readjustment of the
thickened Variscan continental lithosphere (Aiguilles Rouges-
Mont Blanc Massifs, Western Alps). Trans. R. Soc. Edinburgh:
Earth Sci. 91, 221-233.

Bussy F, Péronnet V, Ulianov A, Epard JL, Von Raumer J. 2011.
Ordovician magmatism in the external french Alps: witness
of a peri-Gondwanan active continental margin. Int. Symp.
Ordo. Sys. 11.

Ferrando S, Lombardo B, Compagnoni R. 2008. Metamorphic
history of HP mafic granulites from the Gesso-Stura Terrain
(Argentera Massif, Western Alps, Italy). Eur. J. Mineral. 20,
777-790.

Fréville K. 2016. L'orogenese Varisque dans les massifs cristallins
externes de Belledonne et du Pelvoux (Alpes occidentales
francaises). Role de la fusion partielle et du plutonisme dans
la structuration de la cro(te continentale. PhD thesis,
Orléans (France), Univ. d’Orléans.

Guillot S, Ménot RP. 2009. Paleozoic evolution of the External
Crystalline Massifs of the Western Alps. C.R. Geosci. 341,
253-265.

Jacob JB, Guillot S, Rubatto D et al. 2020. Geodynamic significance
of the Variscan eclogites in the External Crystalline Massifs
(Western Alps): marker of a subduction or crustal
thickening? EGU 2020 abstract.

Jouffray F, Spalla MI, Lardeaux JM et al. 2020. Variscan eclogites
from the Argentera—Mercantour Massif (External Crystalline
Massifs, SW Alps): a dismembered cryptic suture zone. Int. J.
Earth Sc. htdoi.org/10.1007/s0053 1-020-01848 -2

Liégeois JP, Duchesne JC. 1981. The Lac Cornu retrograded eclogites
(Aiguilles Rouges massif, Western Alps France): evidence of
crustal origin and metasomatic alteration. Lithos 14, 35-48.

Lotout C, Pitra P, Poujol M, Anczkiewicz R, Van Den Driessche J.
2018. Timing and duration of Variscan high-pressure
metamorphism in the French Massif Central: A multimethod
geochronological study from the Najac Massif. Lithos 308-
309, 381-394.

Paquette JL, Ménot RP, Peucat JJ. 1989. REE, Sm-Nd and U-Pb zircon
study of eclogites from the Alpine External Massifs (Western
Alps)" evidence for crustal contamination. Earth Planet. Sci.
Lett. 96, 181-198.

Roger F, Teyssier C, Whitney DL, Respaut JP, Paquette JL, Rey P.
2020. Age of metamorphism and deformation in the
Montagne Noire dome (French Massif Central): Tapping into
the memory of fine-grained gneisses using monazite U-Th-
Pb geochronology. Tectonophysics 776, 228316.

Rubatto D, Ferrando S, Compagnoni R, Lombardo B. 2010.
Carboniferous high-pressure metamorphism of Ordovician
protoliths in the Argentera Massif (Italy), Southern European
Variscan belt. Lithos 116, 65-76.

Schulz B, Von Raumer J. 1993. Syndeformational Uplift of Variscan
High-pressure Rocks (Col de Bérard, Aiguilles Rouges Massif,
Western Alps). Z. Dtsch. Geol. Ges. 144, 104-120.

Schulz B, Von Raumer J. 2011. Discovery of Ordovician—Silurian
metamorphic monazite in garnet metapelites of the Alpine
External Aiguilles Rouges Massif. Swiss J. Geosci. 104, 67-79.

Whitney DL, Roger F, Teyssier C, Rey P, Respaut JP. Syn-collapse
eclogite metamorphism and exhumation of deep crust in a
migmatite dome: The P-T—t record of the youngest Variscan
eclogite (Montagne Noire, French Massif Central). Earth
Planet. Sci. Lett. 430, 224-234

21



