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Introduction

The complex Archean to Proterozoic tectonic history of continents is often simplified due to the use of a limited amount of geochronological data for a single sample or for a given region, and is also limited by the uncertainties of geochronological methods (e.g., Lanari et al., 2019 and references therein). The K-Ar geochronometer in different minerals has often been used as a thermochronometer to decipher the progressive cooling of orogens using the concept of 'cooling ages' through a given 'closure temperature' (e.g., [START_REF] Mcdougall | Geochronology and Thermochronology by the 40 Ar/ 39 Ar Method[END_REF]. However, the resetting of this geochronometer by fluid-rock reaction and deformation has often been overlooked (e.g., [START_REF] Villa | 39Ar-40Ar geochronology of mono-and polymetamorphic basement rocks[END_REF]2016, and references therein). The development of in-situ dating has shown that highly strained rocks preserve very variable ages at scales largely below 1 mm, which retained superimposed petrological histories (e.g., [START_REF] Bosse | Petrochronology, hygrochronology of tectono-metamorphic events[END_REF][START_REF] Kohn | Petrochronology: methods and applications[END_REF]. For this reason, the K-Ar geochronometer is especially well-suited to decipher superimposed deformation events in the ductile (middle) crust at temperatures lower than 600°C (e.g., [START_REF] Villa | Geochronology of metasomatic events[END_REF]. The combination of several geochronometers, or the dating of several minerals, within the same rock, in relation to specific structural sites in the field (shear zones, dykes, undeformed rocks…) allows to pinpoint the different tectonic events which occurred during the long-lived evolution of continents (e.g., [START_REF] Bosse | Petrochronology, hygrochronology of tectono-metamorphic events[END_REF].

The Terre Adélie craton (Fig. 1) is an example of complex continental crust, which underwent several high-grade deformation phases during Neoarchean to Mesoproterozoic times (e.g., Fitzsimons, 2000;[START_REF] Talarico | Structural and metamorphic evolution of the Mertz Shear Zone (East Antarctica Craton, George V Land): implications for Australia/Antarctica correlations and East Antarctic Craton/Ross Orogen relationships[END_REF]. At least two tectono-thermal events have affected the whole Terre Adélie Craton, which resulted in superimposed ductile strain fields [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF][START_REF] Lamarque | Microstructures, deformation mechanisms and seismic properties of a Palaeoproterozoic shear zone: The Mertz shear zone, East-Antarctica[END_REF]. The Neoarchean (M1) regional metamorphism is characterised by >2.5-2.42 Ga magmatism and deformation. P-T conditions of M1 metamorphism estimated from conventional thermobarometry [START_REF] Pelletier | Etude structurale et métamorphique du socle de Terre Adélie-George V Land (Est Antarctique) : un exemple de la transition Archéen/Paléoprotérozoïque[END_REF] are the following: M1 granulite facies with P ≤ 9±1.5 kbar and T ≥ 800•C and M1 amphibolite facies retrogression at ∼ 5 kbar and T∼ 550•C. M1 was coeval with amphibolite and granulite facies metamorphic conditions in the upper to middle crustal levels, respectively [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]Duclaux et al., 2008). This M1 phase was followed by the Paleoproterozoic event, witnessed by the regional scale 1.7 Ga metamorphism (M2), recorded by U-Pb on zircon in the Deformed Dumont D'Urville Basin (Pointe Géologie) and in the western Neoarchean basement (Port Martin, Cape Hunter and Madigan Nunatak [START_REF] Monnier | Actualisation des données géologiques sur Terre Adélie (Antarctique Est): mise en évidence d'un collage tectonique au Paléoprotérozoïque[END_REF]Oliver andFanning, 1997, 2002;[START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF]. However, it remains controversial which part of the mineral fabric observed at the scale of the Terre Adélie Neoarchean basement can be attributed to the Neoarchean and which to the Paleoproterozoic deformation phases [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF][START_REF] Ménot | Geology of the Terre Adélie Craton (135-146•E)[END_REF]2008;[START_REF] Lamarque | Microstructures, deformation mechanisms and seismic properties of a Palaeoproterozoic shear zone: The Mertz shear zone, East-Antarctica[END_REF]. Retrogression of granulites into amphibolites took place along compressive shear zones, which form a subvertical foliation visible in the field [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]; Fig. 2). In the Gawler craton, the conjugate rifted margin of the Terre Adelie craton in Australia, the major shear zones and related vertical foliations are Paleoproterozoic in age [START_REF] Foster | 40 Ar-39 Ar thermochronology of the southern Gawler Craton, Australia: Implications for Mesoproterozoic and Neoproterozoic tectonics of East Gondwana and Rodinia[END_REF][START_REF] Vassallo | Structural repetition of the Hutchison Group metasediments, Eyre Peninsula, South Australia[END_REF][START_REF] Koppers | ArArCALC software for 40 Ar/ 39 Ar age calculations[END_REF][START_REF] Tong | Metamorphic evolution and reworking of the Sleaford Complex metapelites in the southern Eyre Peninsula, South Australia[END_REF]Dutch et al., 2008;2010;[START_REF] Lane | Age constraints on the timing of iron ore mineralisation in the southeastern Gawler Craton[END_REF]Reid et al., 2019b). In the granulite facies domain of the Terre Adélie Craton, the high-grade metamorphic fabric and amphibolite facies retrogression are both thought to be Archean in age despite little age evidence, mainly based on the U-Pb on zircon/monazite ages of protoliths and high-grade gneisses [START_REF] Ménot | Geology of the Terre Adélie Craton (135-146•E)[END_REF]2008; Table 1). However, the polyphase character of deformation is evidenced by superimposed fabrics (e.g., Fig. 2). For instance, the shallowly dipping lower amphibolite facies Cape Pigeon thrust appears to cross-cut the vertical foliation (Menot et al., 2005;Duclaux et al., 2008), and a sub-greenschist facies deformation reactivates the Mertz shear Zone (e.g., [START_REF] Talarico | Structural and metamorphic evolution of the Mertz Shear Zone (East Antarctica Craton, George V Land): implications for Australia/Antarctica correlations and East Antarctic Craton/Ross Orogen relationships[END_REF]. Further, up to now, very few P-T constrains have been provided and none have been linked to any detailed geochronological study, which does not allow establishing any clear P-T-t evolution for the craton (Table 1).

Four main questions are addressed here concerning the tectonics and metamorphic history of this Neoarchean domain:

(1) Can the 40 Ar/ 39 Ar dating method be applied to decipher the deformation of such an old, complex and polyphase continental system. What is the significance of so-called "excess argon" and its insight into the use of total gas ages?

(2) How many deformation phases occurred within the Neoarchean Terre Adélie Craton, and what is the part of Neoarchean and Paleoproterozoic tectonics in the observed strain field?

(3) What is the detailed P-T-t path of the Terre Adélie Neoarchean basement, and in particular what are the P-T conditions of the Neoarchean and Paleoproterozoic tectonic phases?

(4) Finally, what is the corresponding geodynamic setting for the deformation and metamorphism that have affected the entire Terre Adélie Craton, and how may they be correlated to the Gawler Craton?

In order to provide some answers to these questions we undertake P-T modelling of representative samples and 40 Ar/ 39 Ar dating of an east-west transect of Terre Adélie Craton. 40 Ar/ 39 Ar geochronology is used to constrain the polyphase retrogressive deformation events, by the dating of amphibole and biotite within individual samples, which are largely reset between 600 and 300°C (e.g., [START_REF] Villa | Geochronology of metasomatic events[END_REF]. These data, compiled with previously published data (Table 1) are used to decipher the Neoarchean to Paleoproterozoic thermal history of the craton.

Geological Setting

The Neoarchean basement is made of two units (Fig. 1), from west to east: the Upper crustal Port Martin Unit (in the amphibolite facies), and the Mid crustal East Commonwealth Bay unit (in the granulite facies).

Tectono-thermal events

Two main tectono-thermal events are documented in the Terre Adélie Craton. The older event referred to in this paper as the 'Neoarchean event' (s.l.) or M1 is emphasized by emplacement of magmatic protoliths: monzogranodiorites, or granitoids with very large Kfeldspar phenocrysts (so-called 'MFK granites'), and pink granites, all dated between 2.53 and 2.42 Ga [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF], U-Pb on zircon crystallization age). Further, granulite facies rocks (T>800°C) are largely dated between 2.33 and 2.60 Ga by U-Pb on monazite and zircon [START_REF] Oliver | Proterozoic geology east and southeast of Commonwealth Bay, George V land, Antarctica, and its relationship to that of adjacent Gondwana terranes[END_REF]Duclaux et al., 2008). Therefore, the M1 high-temperature phase extends from the Neoarchean to the Early Paleoproterozoic.

At the scale of the Terre Adélie Craton this M1 event is followed by a second M2 event, which corresponds to variable P-T conditions: Upper amphibolite to granulite facies in the Dumont D'Urville basin and western Neoarchean basement [START_REF] Pelletier | Etude structurale et métamorphique du socle de Terre Adélie-George V Land (Est Antarctique) : un exemple de la transition Archéen/Paléoprotérozoïque[END_REF][START_REF] Pelletier | Tectonique transpressive en Terre Adélie au Paléoprotérozoïque (Est Antarctique)[END_REF][START_REF] Gapais | Paleoproterozoic tectonics in the Terre Adelie Craton (East Antarctica)[END_REF]. In this region, the 2.8-2.4 Ga Port Martin unit is in tectonic contact with Paleoproterozoic (1.8-1.7 Ga) sedimentary sequences of Dumont D'Urville Basin along the Zélée Shear Zone. The Dumont D'Urville Basin was extensively affected by high temperature / low pressure (HT-LP) metamorphism (700-900°C, P<5kbar; [START_REF] Monnier | Le socle protérozoique de Terre Adélie (Antarctique Est): son évolution tectono-métamorphique et sa place dans dans les reconstitutions du Proto-Gondwana[END_REF][START_REF] Pelletier | Tectonique transpressive en Terre Adélie au Paléoprotérozoïque (Est Antarctique)[END_REF]. Cordierite bearing anatexis and mafic magmatism are dated at ∼1.7

Ga [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF][START_REF] Pelletier | Tectonique transpressive en Terre Adélie au Paléoprotérozoïque (Est Antarctique)[END_REF]. Eastwards, maximum Upper greenschist facies metamorphism and deformation occurred in the core of the Terre Adélie Craton in the Cape Hunter phyllites [START_REF] Stüwe | Geological history of Adélie Land and King George V Land, Antarctica: evidence for a polycyclic metamorphic evolution[END_REF][START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]. Finally, Upper Amphibolite facies have affected the eastern part of the Terre Adélie Craton (East Commonwealth Bay Unit, Fig. 1), (e.g., [START_REF] Stüwe | Geological history of Adélie Land and King George V Land, Antarctica: evidence for a polycyclic metamorphic evolution[END_REF][START_REF] Talarico | Structural and metamorphic evolution of the Mertz Shear Zone (East Antarctica Craton, George V Land): implications for Australia/Antarctica correlations and East Antarctic Craton/Ross Orogen relationships[END_REF][START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]Duclaux et al., 2008). However, the P-T-t evolution of the eastern Terre Adélie Craton remains largely unconstrained, in the absence of any precise P-T modelling study combined with geochronology. The Paleo-to Mesoproterozoic evolution of the eastern Terre Adélie Craton is emphasized by Monazite U-Th-Pb ages ranging between 1700 and 1620 Ma, and 40 Ar/ 39 Ar ages between 1700 and 1500 Ma (Table 1), but how these ages can be linked to the metamorphic evolution is still a matter of debate.

Field relationships and phases of deformation in the eastern Terre Adélie Neoarchean basement

Based on field observations, the strain field of the Neoarchean basement (Fig. 2) is characterised by: 1. A shallowly-dipping and coarse grained migmatitic (M1) metamorphic foliation. This granulite-grade metamorphism (P ≤ 9±1.5 kbar and T ≥ 800•C, [START_REF] Pelletier | Etude structurale et métamorphique du socle de Terre Adélie-George V Land (Est Antarctique) : un exemple de la transition Archéen/Paléoprotérozoïque[END_REF] only affected the eastern and deeper parts of the Terre Adélie Craton (East Commonwealth Bay unit, Fig. 1). The mid to upper crust (Port Martin Unit) was subjected to upper amphibolite facies conditions during M1 (P∼4-6 kbar and T∼650-750 •C; [START_REF] Monnier | Le socle protérozoique de Terre Adélie (Antarctique Est): son évolution tectono-métamorphique et sa place dans dans les reconstitutions du Proto-Gondwana[END_REF][START_REF] Pelletier | Tectonique transpressive en Terre Adélie au Paléoprotérozoïque (Est Antarctique)[END_REF].

2. The retrogression of the granulites occurred in the amphibolite facies (late M1 or M2?), in relation with the development of meter to several 100-m large shear zones in a horizontal NE-SW shortening context [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]. The amphibolite facies retrograde overprint is associated with steep foliations and shear zones, often associated to vertical mafic dykes (up to several meters in width). The deformation of dykes ranges from highly stretched to undeformed, and they are thus thought to have emplaced during the whole deformation phase. Fluid flow occurred spatially and temporally with deformation along these shear zones, which led to amphibolite facies retrogression and related partial melting, and minor greenschist facies retrogression. The attribution of this deformation event to the Neoarchean (M1) or Paleoproterozoic (M2) is still a matter of debate [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]Duclaux et al., 2008).

3. The M2 Paleoproterozoic deformation is clearly evidenced at the eastern and western limits of the Neoarchean basement by the Mertz and Zélée shear zones (Fig. 1). In the Cape Hunter and Dumont D'Urville basins, the structures result from strong east-west shortening and ductile vertical extrusion of metapelites at ca.1.7 Ga (U-Pb on zircon dating of migmatites by [START_REF] Gapais | Paleoproterozoic tectonics in the Terre Adelie Craton (East Antarctica)[END_REF]. This phase of east-west shortening, emphasized by the vertical foliation in a dominant pure shear regime occurred in upper greenschist to amphibolite facies conditions in the whole eastern Terre Adélie Craton [START_REF] Ménot | Structural setting of the Neoarchean terrains in the Commonwealth Bay Area (143-145•E), Terre Adélie Craton, East Antarctica[END_REF]. In the Eastern Terre Adélie Craton, this transpressional/transtensional deformation is dated to from the Paleoproterozoic (U-Th-Pb dating on monazite by Duclaux et al., 2008), to the Mesoproterozoic, mainly at ca. 1.55-1.5 Ga, according to previous 40 Ar/ 39 Ar datings [START_REF] Vincenzo | An 40 Ar-39 Ar investigation of the Mertz Glacier area (George V Land, Antarctica): implications for the Ross Orogen-East Antarctic Craton relationship and Gondwana reconstruction[END_REF]Duclaux et al., 2008). In Cape Pigeon, east-west shortening is expressed by top-tothe-east thrusting, while evidence for a strike-slip shear motion can be seen along the Mertz Shear Zone (Correll Nunatak, Fig. 1). There, the mylonitic foliation is subvertical and ∼ north-south striking, and the corresponding stretching lineation plunges gently (20-30°) to the north. Shear indicators such as σ-clasts, folded granitic veins and sheath folds indicate a predominant dextral sense of shearing (Talarico and Kleindschmidt, 2000). Preliminary thermo-barometric estimates on samples from Correll Nunatak and Aurora Peak [START_REF] Talarico | Structural and metamorphic evolution of the Mertz Shear Zone (East Antarctica Craton, George V Land): implications for Australia/Antarctica correlations and East Antarctic Craton/Ross Orogen relationships[END_REF] suggest that overprinting shear fabrics developed during a progressive retrogression from early medium-P granulite facies metamorphism (P ∼ 0.7 GPa and T≤ 750°C), through to amphibolite and greenschist facies conditions during M2. A transcurrent deformation context with similar P-T conditions is documented along the Kalinjala Shear Zone in the Gawler Craton, which led Talarico and Kleindschmidt (2000) to propose a correlation with the Mertz Shear Zone.

From these previous results, the Terre Adélie Craton metamorphic history remains an unsolved issue. The amphibolite facies event may be a late stage of M1 Neoarchean granulite metamorphism, or it is a separate event occurring during the Paleoproterozoic (M2). Further, the duration of the M2 metamorphism extends from the Paleo-to the Mesoproterozoic , which seems to be very long for a single tectonic event and may represent the superimposition of several deformation phases, which ages remain unconstrained. Therefore, there is an absence of any robust age constraints on the P-T conditions at present.

Samples and Analytical procedures

Sampling

(1) In order to decipher the P-T-t evolution of the Terre Adélie Craton samples were selected to provide a detailed P-T path of representative zones of the Granulite facies Neoarchean basement (East Commonwealth Bay Unit). In this zone, fresh granulites, with preserved parageneses of the M1 metamorphic phase have been sampled at Aurora Peak (2 samples: RPM98-112 and 114) and Stillwell Island (sample RPM98-144). These samples have U-Pb and 40 Ar/ 39 Ar age constraints. In addition, a sample was selected from the Correll Nunatak (RPM98-111) due to its full recrystallization during M2 Mertz Shear Zone activity. This sample was collected nearby the samples GD06-08, GD06-13 and GD06-15, dated by 40 Ar/ 39 Ar. (2) For the 40 Ar/ 39 Ar dating survey, we selected 22 samples with amphibole and biotite pairs from the whole Terre Adelie Craton to reconstruct the thermal history of the craton.

EPMA data acquisition

Mineral compositions were acquired with a Cameca Camebax and SX100 (2006). Point analyses -used for the standardization of X-ray maps -were acquired using 15

KeV accelerating voltage, 12 nA specimen current and 40 s dwell time including 2x10 s of background measurement. Oxide weight percent compositions were calculated using the CITZAF correction and the following natural and synthetic standards: albite (Na2O), tephroite (MnO), wollastonite (SiO2, CaO), anorthite (Al2O3), almandine (FeO), eskolaite (Cr2O3), orthoclase (K2O), spinel (MgO) and ilmenite (TiO2). The X-ray compositional maps were processed using the software XMAP-TOOLS 2.2.1 (Lanari et al., 2014) in order to generate a standardized mineralogical map (see Lanari et al., 2014 for discussion on errors and uncertainties). Structural formulae were calculated on a 12 anhydrous oxygen basis for garnet and 23 for amphibole (Suppl. Mat. 1). Fe 3+ content was estimated using the method of Holland and Blundy (1994) for amphibole and charge balance for clinopyroxene and garnet introducing the two ferric end-members acmite and andradite, respectively. The andradite content in garnet is negligible (<0.01) and was not considered in the calculations.

Phase diagrams

Forward phase equilibria modeling was performed for four samples: two samples from -111). These two latter retrogressed samples were also chosen for 40 Ar/ 39 Ar dating to see the effect of retrogression on the 40 Ar/ 39 Ar system. P-T isochemical equilibrium phase diagrams were calculated using Theriak-Domino [START_REF] De Capitani | The computation of equilibrium assemblage diagrams with Theriak/Domino software[END_REF] and the thermodynamic data set of [START_REF] Holland | An internally consistent thermodynamic data set for phases of petrological interest[END_REF] (and subsequent updates collected in tcds55_p07) was used as it contains ferric end-members for several species such as garnet and clinopyroxene. Alternatively, the dataset of [START_REF] Berman | Internally-consistent thermodynamic data for minerals in the system Na2O-K2O-CaO-MgO-FeO-Fe2O3-Al2O3-SiO2-TiO2-H2O-CO2[END_REF] was used depending on the compositions of the samples (and thus of the systems used). The chemical system considered was Na2O-K2O-CaO-FeO-MgO-Al2O3-SiO2-H2O-TiO2. The following solution models were used: garnet, biotite (White et al., 2007), white-mica (Coggon & Holland, 2002), clinoamphibole (Diener et al., 2007), feldspar [START_REF] Baldwin | Modelling of mineral equilibria in ultrahigh-temperature metamorphic rocks from the Anápolis-Itauçu Complex, central Brazil[END_REF], orthopyroxene [START_REF] White | The interpretation of reaction textures in Fe-rich metapelitic granulites of the Musgrave Block, central Australia: constraints from mineral equilibria calculations in the system K2O-FeO-MgO-Al2O3-SiO2-H2O-TiO2-Fe2O3[END_REF], ilmenite [START_REF] White | The effect of TiO2 and Fe2O3 on metapelitic assemblages at greenschist and amphibolite facies conditions: mineral equilibria calculations in the system K2O-FeO-MgO-Al2O3-SiO2-H2O-TiO2-Fe2O3[END_REF]2005), melt (White et al., 2007). Bulk-rock compositions obtained by ICP-OES; analyses were performed at the CRPG of Nancy (France) following the procedure of Carignan et al. (2001).

Compositions indicated in the diagrams (Fig. 4) were used as input for the modelling. Fe 3+ / Fetotal ratio was estimated using proportions of amphibole, Fe 3+ was estimated following the method of Holland and Blundy (1994). The H2O content was fixed to the value of the LOI.

The errors provided are at 2σ and include the uncertainty and dispersion of EPMA analyses.

Mineral abbreviations in figures are from [START_REF] Whitney | Abbreviations for names of rock-forming minerals[END_REF].

3.4. 40 Ar/ 39 Ar dating analytical procedures 3.4.1. Laser step heating 40 Ar/ 39 Ar dating Fifty-three single-grain 40 Ar/ 39 Ar dating laser step-heating measurements were carried out at Géoazur in Nice University (France). The samples were crushed to a 500-800 µm size fraction and cleaned in an ultrasonic bath. Twenty-two samples were selected for biotite and amphibole double dating along the whole Terre Adélie Craton transect (Fig. 1). Grains were carefully handpicked under a binocular microscope to select only grains without evidence of alteration or inclusions. Selected grains were packaged in aluminium foils and irradiated for 80 hours in the core of the MacMaster nuclear reactor in Canada together with Fish Canyon sanidine grains as flux monitor (28.28 Ma (1%); [START_REF] Renne | Intercalibration of standards, absolute ages and uncertainties in 40 Ar/ 39 Ar dating[END_REF]. Argon isotopic interferences on K and Ca were determined by irradiation of KF and CaF2 pure salts from which the following correction factors were obtained: ( 36 Ar/ 37 Ar)Ca = 0.000288 ± 0.000016;

( 39 Ar/ 37 Ar)Ca = 0.000727 ± 0.000041; ( 40 Ar/ 39 Ar)k = 0.00969 ± 0.00038; ( 38 Ar/ 39 Ar)k = 0.01297 ± 0.00045. All samples were analyzed with an analytical device that consist of: (a) an IR-CO2 laser of 100 kHz used at 5-15% during 60 s, (b) a lens system for beam focusing, (c) a steel chamber, maintained at 10 -8 -10 -9 bar, with a drilled copper plate, (d) an inlet line for purification of gases including two Zr-Al getters, (e) a multi-collector mass spectrometer (Argus VI from Thermo-Fisher). The ARGUS VI spectrometer has a mass resolution of 225-250 and a measured sensitivity of 7 x10 -14 mol/V at 200 µA trap current. The high mass Faraday detector is fitted with a 10 11 Ω resistor and is used specifically for measurement of the 40 Ar + beam intensity. The Faraday detectors used for other Ar isotope measurement are fitted with 10 12 Ω resistors. Direct measurement of collector noise for ten separate runs gave averages of 4 x 10 6 Von the 10 11 Ω circuit and 1 x 10 5 V on the 10 12 Ω circuit. Collector gain calibration is performed by the computer-controlled application of predetermined voltages to each collector. Over the course of 1 year the relative gain between collectors did not exceed 19 ppm. System blanks were measured before and after each measurement. The average of these two measurements was than subtracted from the measured sample value.

The blanks typically accounted for less than 0.06% of the 40 Ar, 0.6-3.81% 38 Ar, and 0.12-0.71% 36 Ar. Mass discrimination for the mass spectrometer was monitored by regularly analyzing air pipette volumes. We used ArArCalc © software v2.5.2 for data processing [START_REF] Koppers | ArArCALC software for 40 Ar/ 39 Ar age calculations[END_REF]. Decay constants are those given by [START_REF] Steiger | Subcommission on geochronology: Convention on the use of decay constants in geo-and cosmochronology[END_REF]. 3.4.2. Oven step heating 40 Ar/ 39 Ar dating Ten multiple grains (several mg) 40 Ar/ 39 Ar dating oven step-heating measurements have been carried out for comparison with the laser step-heating analyses, and for a precise estimation of Ca/K and Cl/K ratios of the 40 Ar/ 39 Ar age components. 40 Ar/ 39 Ar dating was carried at the University of Milano Bicocca (Italy). Few mg of minerals were hand-picked from 500 µm size fractions. Due to a large number of single grains picked for these measurements, some inclusions and intergrowths with other minerals are observed and marked in the Table 2. Selected minerals were wrapped in aluminium and irradiated for 30MWh at McMasters reactor avoiding Cd shielding. MMhb amphibole with a reference age of 523.98Ma (Shoene and Bowring, 2006) was used as a flux monitor. Interference factors were ( 36 Ar/ 37 Ar)Ca = 0.000255 ± 0.0000015; ( 39 Ar/ 37 Ar)Ca = 0.000670 ± 0.000041; ( 38 Ar/ 39 Ar)k = 0.000270 ± 0.0000015. The uncertainties for the ages are in-run statistics with assigned uncertainties of 0.17% for J and 0.33% for the fractionation correction factor. Samples were analyzed on the Nu Instruments multicollector Noblesse rare gas mass spectrometer equipped with one Faraday cup with 10 11 Ohm resistor and two MasCom ion counters (IC).

The data was collected during four peak hopping, during which ICs and Faraday cup were intercalibrated. Before each sample a blank measurement was performed followed by three pipettes to obtain a source fractionation and the IC gains. Samples were pre-heated in a furnace to ca. 300°C, monitoring the pressure increase and subsequent decrease.

Afterwards, a sample was heated to a temperature chosen for the first step to be measured.

The present samples were analyzed in 10 heating steps, until molten. Isochemical ages, present in Suppl. Mat. 3, are calculated from the steps having constant Cl/K ratios (Villa et al., 2006). 3.4.3. 40 Ar/ 39 Ar dating results and uncertainties Uncertainties on apparent and plateau ages are given at the 2σ level including the uncertainty on the 40 Ar*/ 39 Ark ratio of the monitor. The two-sigma errors reported on plateau, isochron and total gas ages include the error on the irradiation factor J.

Atmospheric 40 Ar was estimated using a value of the initial 40 Ar/ 36 Ar of 298.56±0.3 [START_REF] Lee | A redetermination of the isotopic abundances of atmospheric Ar[END_REF]. All the 40 Ar/ 39 Ar data is made available on the research data uploaded with the article on the data repository website of Mendeley Data, the raw data for each sample are displayed in Suppl. Mat. 2-3 and the results are synthesized in the Table 2. The criteria we used for defining a plateau age are: [START_REF]Proterozoic East Gondwana: Supercontinent Assembly and Breakup[END_REF] it should contain at least 70% of total 39 Ar released,

(2) it should contain at least three successive step-heating fractions, (3) the integrated age of the plateau, calculated by a weighted average of apparent ages of individual fractions comprising the plateau, should be consistent with each apparent age of the plateau within a 2σ uncertainty. Ages referred to below as "maximum ages" are those that do not satisfy one of the statistical conditions of a plateau age, and may be influenced by mineral inclusions or excess Ar. Most samples were duplicated in similar conditions to see the variability of ages within a given sample. Detailed results are given in supplementary data files.

Petrology and P-T conditions of Granulite and Amphibolite facies of metamorphism in the eastern Terre Adélie Craton

To determine the P-T-t evolution of the East Commonwealth Bay unit of the Terre Adélie Craton during the Neoarchean and Paleoproteroic, we conducted a petrological and thermal modelling study of the Aurora Peak, Stillwell Island and Correll Nuanatak samples in the eastern part of the Terre Adélie Craton.

Petrological descriptions

Sample RPM98-112 is a garnet-K-feldspar-biotite-quartz-ilmenite±rutile bearing granulite (Fig. 3A) from Aurora Peak. Garnet + Biotite form melanosoms surrounded by Quartz-feldspar leucosomes in agreement with the presence of melt during the crystallization of the peak assemblage. From petrological evidence, the peak assemblage is thus garnet-Kfeldspar-biotite-quartz-rutile in presence of melt. Garnet contains inclusions of rutile while ilmenite is present in the leucosome. Garnet composition is enriched in almandine and pyrope. Almandine contents increase (0.55-0.67), while pyrope contents decrease (0.37-0.26) towards the rims (suppl. Mat. 1).

Sample RPM98-114 is a fine-grained garnet-K-feldspar-plagioclase-biotite-quartz-ilmeniteorthopyroxene bearing granulite from Aurora Peak (Fig. 3B). All the minerals appear to be in equilibrium, which suggests this is the peak assemblage, while there is no leucosome in the rock. Garnet core-rim variations highlight an increase in almandine (0.64-0.71) contents, while pyrope contents are almost constant (0.28-0.25).

Sample RPM98-111 is an amphibolite representative of the Mertz Shear Zone ductile deformation in the Correll Nunatak rocks, it shows a lepidoblastic granular texture with an amphibole-ilmenite-plagioclase-quartz peak assemblage (Fig. 3C). Amphibole is zoned, and evolves from pargasitic hornblende in the core towards potassian hastingsite and magnesiohornblende composition towards the rims (Suppl. Mat. 1). FeO contents increase from 15 to 20 wt% and Al2O3 and MgO decrease (from 13.7 to 9.7 and from 14.5 to 8 wt%, respectively), from core to rim. Sample RPM98-144 is a retrogressed granulite representative of Stillwell Island samples (Fig. 3D-E). It shows a complex symplectic texture with an external aureole of amphibole -quartz surrounding a symplectite with interfingered plagioclase -orthopyroxene around relics of garnet, biotite, ilmenite and rutile grains. From petrographic observations and mineral mapping, the peak assemblage is formed by garnet, biotite, quartz, ilmenite, retrogressed into the high temperature orthopyroxene + plagioclase corona. Rutile is part of a former prograde assemblage. Garnet is slightly zone with an increase of almandine (0.59-0.64) and spessartine (0.26-0.31) and a decrease of grossular (0.22-0.18) and pyrope (0.16-0.15) contents, from core to rim.

Forward phase equilibria modeling and P-T paths

4.2.1. P-T conditions of Granulite facies metamorphism (Aurora Peak)

In Fig. 4A, the pseudosection computed for sample RPM98-112 is shown, with the corresponding isopleths of pyrope and almandine contents in garnet. The peak assemblage, represented by garnet and rutile constrain a P-T field at P > 6 kbar, in absence of orthopyroxene and sillimanite the temperature of garnet crystallization is within 780-850°C.

These compositions agree with the measured compositions of garnet by EPMA. Based on the garnet almandine and pyrope isopleths, and the core-rim compositions, the conditions estimated for the granulite assemblage in presence of rutile can be constrained between 0.6-1.0 GPa and 780-830°C. The presence of ilmenite and absence of rutile in the matrix suggests a final crystallization of this rock in a context of near-isothermal decompression between 0.6 and 0.4 GPa and 800 ± 20°C.

In Fig. 4B, the pseudosection computed for sample RPM98-114 is shown. Similar P-T conditions are suggested as in the previous pseudosection of sample RPM98-112. The stability field of the main paragenesis is over a very large range of P-T conditions, bounded at HT by the disappearance of biotite at T>850°C, by the presence of amphibole at T<500°C, and of cordierite at P<0.6 GPa. The garnet core-rim composition and pyrope-almandine isopleths agree with a crystallization in the granulite facies from 850-900°C -0.9-1.0 GPa (core) to 700-800°C -0.5-0.6 GPa (rim), given the sub-vertical position of isopleths in PT space. The garnet zoning pattern is thus in agreement with a P-T path with a steep, nearly isothermal, decompression. 4.2.2. P-T conditions of Amphibolite facies metamorphism in the Mertz Shear Zone (Correll Nunatak)

The P-T grid computed for sample RPM98-111 is shown on Fig. 4C. The P-T field in which the sample paragenesis is fully reproduced falls in a narrow domain of temperature (T = 550-700°C), but in a large domain of pressures (P<0.70 GPa), constrained by the absence of garnet dolomite and clinopyroxene. Based on the zoned pattern of amphiboles and the computed Al(M2) isopleths, a steep decompression is suggested. Core-to-rim variation of the amphibole compositions suggests a transition from 0.6 ± 0.05 GPa -650 ± 50°C down to 550°C -0.2 GPa. The reequilibration of amphiboles during retrogression, at pressures between 0.8 and 0.4 GPa is also confirmed by empiric amphibole thermometry of core-rim compositions (0.78-0.52 GPa, [START_REF] Hammarstrom | Aluminum in hornblende: an empirical igneous geobarometer[END_REF]0.83-0.54 GPa, Hollister et al., 1987;0.80-0.52GPa, Schmidt, 1992;0.64-0.38 GPa, Johnson and Rutherford, 1989;Suppl. Mat. 1).

P-T conditions of a retrogressed granulite (Stillwell Island)

The P-T grid computed for sample RPM98-144 is shown on Fig. 4D. The peak metamorphic conditions are constrained by the co-stability of garnet and biotite, in absence of amphibole. This assemblage is bounded by the stability curve of garnet which defines its lower pressure at 0.70-0.85 GPa. Absence of amphibole constrains a minimum temperature of 650-750°C.

Using the composition of garnet and pyrope-almandine isopleths returns PT estimates in agreement with these conditions, and leads to constrain garnet crystallization at 700 ± 50°C and 0.75 ± 0.05 GPa. The presence of rutile inclusions (A in Fig. 4D) is suggestive of initial pressure conditions >0.85 GPa before the reequilibration of garnet at peak conditions.

Further, the destabilization of garnet into an orthopyroxene + plagioclase symplectite is in agreement with a nearly isothermal decompression crossing the garnet stability curve at 700 ± 50°C, at a pressure slightly below the peak metamorphic facies conditions (and P≤0.7 GPa).

Finally, crystallization of amphibole in the external symplectite is in agreement with a cooling at lower temperature conditions than the reaction bounding the amphibole and orthopyroxene fields (T<650°C).

40 Ar/ 39 Ar dating Results

Correll Nunatak (Mertz Shear Zone -eastern Neoarchean Terre Adélie Craton)

Summary for the samples RPM98-104 and RPM98-105 RPM98-104 is a mafic enclave in a granodioritic orthogneiss , while RPM98-105 corresponds to the granodiorite. In sample RPM98-104, biotites seem to be younger on the basis of textural relationships, because of crystallization of biotite in pressure shadows around amphibole (Fig. 6), while in sample RPM98-105 there are two biotite generations, the first being a textural equilibrium with amphibole, and the second growing as small needles around large biotite flakes.

However, in both cases, laser biotite ages are older than the corresponding amphibole ages, and display well-constrained plateau ages. Biotite age of sample RPM98-104 is the oldest for the Correll Nunatak (1784 ± 9 Ma) retained in the least deformed mafic enclave. The granodiorite gneiss RPM98-105 biotite returns an age of 1623 ± 11 Ma. This age is similar to most other samples (see below). The age of 1574-1537 Ma recorded by amphiboles is younger than that of the biotites. Laser 40 Ar/ 39 Ar amphibole ages are slightly different. The amphibole age of RPM98-104 is of 1574 ± 12 Ma and that of RPM98-105 is of 1537 ± 21 Ma (Fig. 7), although both samples duplicates have excess Ar, resulting in older maximum ages (1603 and1635 Ma, respectively).

Both samples were also analyzed by population oven step-heating, which returned younger plateau ages for the biotites (1556 ± 13 Ma for RPM98-104 and 1599 ± 19 Ma for RPM98-105, Fig. 8A). Ca/K and Cl/K ratios of sample RPM98-105 biotite (1590 ± 15 Ma) are homogeneous, in agreement with a unique contributing phase to the Ar signal. In contrast, a tendency towards younger ages in observed in steps 1 and 10 of sample RPM98-104, due to the contribution of a component with higher Ca/K ratios (most likely a Ca-bearing alteration phase), while steps 2-9 give homogeneous ages, in agreement with the Ca/K biotite composition. Summary for the samples 12GL-13 and 12GL-14 Both samples are migmatic amphibole gneisses, compositionally very close to each other.

They have a mineral assemblage made of K-feldspar, plagioclase, amphibole and biotite. Some low T deformation is highlighted by undulose quartz and slight cataclasis of Both samples were also analyzed by population oven step-heating, which returned a younger plateau age for 12GL-13 biotite (1553 ± 17 Ma; Fig. 8C), and a slightly younger plateau age for 12GL-14 biotite (1590 ± 15 Ma; Fig. 8D), than in the laser experiments. Both biotite samples have homogeneous Ca/K and Cl/K ratios, except in the first steps (Fig. 8B-C).

In contrast with laser experiments, both 12GL-13 and 12GL-14 amphiboles showed overall older ages than the biotites. Both amphibole samples gave similar spectra, with no plateau and decreasing ages from LT to HT steps. The Ca/K vs. Cl/K plots show that amphiboles have two mineral generations: one with high Cl/K (~0.10-0.15 in sample 12Gl14 and ~0.20-0.23 in in sample 12Gl13) and high Ca/K (~5-6), which corresponds to the HT steps; and low Ca/K -Cl/K ratios similar to the biotite composition in both samples in the LT steps. The age of the older component, expressed in the LT steps, would thus be a minimum age (> 2 Ga in both samples), while that of the younger component expressed in the HT steps, would thus be a maximum age: 1690 Ma in sample 12GL-13 and 1613 Ma in sample 12GL-14. The latter maximum age of sample 12GL-14 is similar to that of the laser amphibole experiment D2.

Summary for the samples GD06-08, GD06-13 and GD06-15 All three samples are amphibolites, included as boudins within a major N-S shear zone (Fig. 5). Sample GD0608 is strained with evidence of shear bands and recrystallization of an originally coarse-grained rock consisted of K-feldspar, plagioclase, quartz, amphibole and biotite. Amphibole shows signs of intense fluid-rock interaction during deformation, it is often strained and zoned (Fig. 6). The still brittle character of orthose, forming porphyroclasts, while quartz + plagioclase are ductile indicates temperatures around 500-550°C during deformation [START_REF] Passchier | Microtectonics[END_REF], in agreement with P-T estimates of Correll Nunatak sample (section 4.2).

Laser amphibole dating on this sample gave within 2σ uncertainty plateau ages in both duplicate experiments (Fig. 7) at 1634 ± 13 Ma (D6-1) and 1617 ± 10 Ma (D6-2). However, the experiment D6-1 shows a U-shape indicative of excess argon, and therefore the lower step age is considered to be a maximum age (1616 ± 7 Ma), which is very similar to the second experiment. Sample GD06-13 is least strained, but amphiboles show some slight signs of alteration by a network of small cracks (Fig. 6). Laser amphibole dating on this sample shows marked Ushapes indicative of excess argon, which leads to two maximum ages for central steps, at 1671 ± 14 Ma (D7-1) and 1604 ± 12 Ma (D7-2). The maximum age estimate of 1604 Ma falls within error of the well-constrained plateau age of sample GD06-08 (1617 ± 10 Ma). Total gas ages are very close to plateau ages in sample GD06-08 experiments (1633 and 1704 Ma), while they are of ca. 2 Ga in sample GD06-13 (2077 and1912 Ma), which is indicative of excess Ar.

Finally, sample GD06-15 shows no sign of low grade deformation and exhibits a preserved granulite facies assemblage (clinopyroxene-plagioclase), with amphibole surrounding the clinopyroxene. Laser 40 Ar/ 39 Ar dating shows the presence of excess Ar. Experiments D5 (1-2) did not give any plateau. Its maximum age is of 1777 ± 17 Ma, and shows a marked U shape.

Total fusion ages for this sample are of 1827 and 2180 Ma in D5-1 & 2 experiments, respectively, which are comparable to sample GD06-13.

Stillwell Island (Neoarchean Granulite facies crust) Garnet gneiss RPM98-129

This leucocratic garnet gneiss exhibits an equant granoblastic texture, which forms a gently dipping foliation in the landscape (Fig. 9). In thin section (Fig. 10) both garnet and biotite form part of a higher temperature (granulite facies) paragenesis, which reacted to form amphibole + plagioclase. Amphibole forms coronas and symplectites around garnet, and also surrounds the biotite relics (e.g., Fig. 3 and10).

Laser 40 Ar/ 39 Ar dating of biotite (Fig. 11) yielded a plateau age of 1574 ± 9 Ma with 96% of released 39 Ar. The amphibole experiments gave two different spectra. E7(2) shows a slight U shape with a plateau age of 1616 ± 25 Ma. However, the U-shape and high total gas age (1678 Ma) suggest some excess argon, thus, the younger step age of the plateau is regarded as a maximum age (1579 ± 20 Ma). The second experiment gave a significantly younger age (1494 ± 21 Ma), and seems to be devoid of any excess argon, with a similar total gas age (1494 ± 21 Ma).

Oven step-heating experiments have also been undertaken on this sample (Fig. 12). 40 Ar/ 39 Ar dating of biotite gave a more complex shape than the laser experiment with an average plateau age of 1548 ± 14 Ma, which is slightly younger than the laser age. However, 2 individual steps (steps 5-6) appear to be significantly younger than the rest of the spectra, and without these two steps the spectra returns an age of ca. 1563 ± 10 Ma, which appears to be similar to the laser experiment age. Further, the Cl/K and Ca/K ratios for this experiment are homogeneous. 40 Ar/ 39 Ar dating of amphibole gave a slightly older age than the laser experiment E7(2), though both ages remain similar still within error. An average age of 1671 ± 43 Ma is calculated for steps 6-10 on the basis of homogeneous Ca/K and Cl/K ratios, representing 90% of released 39 Ar. Steps 1-5 bear higher ages (up to >3 Ga) suggesting excess Ar like in the laser experiment E7(2). Steps 3-5 have similar Ca/K ratios as biotite suggesting that this excess Ar might be hosted by some K-bearing phases.

Mafic doleritic dyke RPM98-139

Sample RPM98-139 exhibits a fine grained granoblastic texture with biotite, garnet, spinel, amphibole at equilibrium. No symplectic corona or mineral reactions have been identified (Fig. 10). 40 Ar/ 39 Ar dating of biotite yielded a plateau age of 1554 ± 5 Ma with 98% of released 39 Ar. Amphibole dating provided a pronounced U-shape, with a central plateau age of 1671 ± 11 Ma. Given the presence of excess argon, this age has no geological meaning, and the lower step age of the spectra (1653 ± 12 Ma) is regarded as a maximum age.

Biotite-Garnet amphibole gneiss RPM98-144 & RPM98-145

Amphibole-bearing gneisses form pods enclosed within the garnet gneisses (Fig. 9). Like in the garnet gneiss, sample RPM98-144 exhibits disequilibrium textures with symplectic plagioclase+amphibole surrounding garnet (see section 4, Fig. 3). As emphasized in section 4, biotite is often resorbed and amphibole forms large patches surrounding garnet and biotite.

Laser 40 Ar/ 39 Ar dating of biotite gives a well-defined plateau age of 1660 ± 3 Ma with about 80% of released 39 Ar. Amphiboles gave more complex spectra than biotites. In the E9(2) experiment a well-defined plateau is calculated at 1605±10 Ma despite a U-shape in less than 20% of lower and higher temperature steps, while experiment E9(1) provides a more pronounced U-shape with only 50% of released 39 Ar defining a flat portion, however with a similar age of 1590 ± 10 Ma. The tendency towards lower ages in the following higher temperature steps is correlated with lower Ca/K ratios with ages, which is ascribed to the contribution (in variable amounts) of a K-rich phase (like biotite, Fig. 11).

Sample RPM98-145 is a plagioclase-quartz-biotite gneiss, with widespread alteration into chlorite, and is devoid of any amphibole. Laser 40 Ar/ 39 Ar dating of biotite in this sample gave a plateau age of 1644 ± 16 Ma, and is thus close (within uncertainty) to that of RPM98-144 biotite (1660 ± 3 Ma). However, a tendency towards a slightly lower age (1604 ± 11 Ma) in the HT part of the spectra could be ascribed to the chloritization of this sample (Fig. 10), which might result in some Ar loss.

Cape Pigeon and Cape Gray (Neoarchean Granulite facies crust) Cape Pigeon Coarse grained gneiss 12GL-16

Sample 12GL-16 is a coarse grain granulite gneiss with garnet-amphibole-biotite-K-feldsparplagioclase-quartz (Fig. 13). Thin section analysis exhibits a porphyroclastic texture of amphibole -feldspar surrounded by biotite nematoblastic grains (Fig. 14).

Accordingly, Laser 40 Ar/ 39 Ar amphibole ages (Fig. 15) show that amphibole preserves plateau ages of 1700 ± 28 Ma (experiment D3-2), with 100% of released 39 Ar, although duplicate D3-1 shows a tendency towards lower ages (1587 ± 24 Ma) in the higher temperature part of the spectra without any significant change in the Ca/K ratios (4-16). Laser 40 Ar/ 39 Ar analysis of sample 12GL-16 biotites shows younger ages for this mineral. Both duplicates provide well-constrained within-error plateau ages of 1537 ± 9 Ma (A3-2) and 1541 ± 8 Ma (A3-1), with 92 to 96% of released 39 Ar. These are relatively young ages compared to all the rest of the Neoarchean basement (except samples RPM98 104 and 105 in Correll Nunatak).

Cape Pigeon Amphibolite RPM98-153

Sample RPM98-153 is a foliated amphibolite sampled in one of the main Cape Pigeon shear zones (Fig. 13). The shear zones are marked by a late phase of fine grained biotite-bearing mylonites, which can be observed only in Cape Pigeon . Biotite largely recrystallized during a phase of top-to-the east deformation exhibited by clear C-S bands.

These shear zones clearly cross-cut the coarse granulite facies fabric which resembles those observed elsewhere in granulite facies rocks like in Stillwell Island.

The laser 40 Ar/ 39 Ar spectra of sample RPM98-153 shows a complex shape with a flat part only in the high temperature parts, exhibiting maximum ages of 1590 ± 12 Ma (E11-2) and 1566 ± 11 Ma (E11-1), with less than 50% of released 39 Ar (Fig. 15).

Cape Gray Fine grained granulite RPM98-169

Sample RPM98-169 is a fine-grained amphibole gneiss exhibiting a preserved high-grade granulite assemblage featured by clinopyroxene, biotite, plagioclase and K-feldspar, like in Stillwell Island (Fig. 14). Clinopyroxene is locally surrounded by amphibole. undeformed granulite facies rocks dated in Stillwell Island (e.g., biotite of RPM98-144 gneiss sample).

Cape Denison (Neoarchean Amphibolite facies crust) Amphibolite JJP98-51

Sample JJP98-51 is an amphibolite, which formed by ductile deformation of a concordant dike in the migmatitic gneiss (Fig. 16 A,B). It displays a strongly foliated texture defined by large elongated amphibole+plagioclase grains (Fig. 17). Amphibole is altered, it shows numerous cracks and is surrounded by actinolite and biotite.

Laser 40 Ar/39 Ar spectra are complex, although providing similar shapes (Fig. 18). Experiment D8-1 shows a first low temperature flat part at 1633 ± 29 Ma and a higher temperature flat part at 1404 ± 10 Ma, which does not coincide with any change in the Ca/K content. Integrated age (total gas age) for this sample is of 1562 ± 8 Ma. Experiment D8-2 shows a larger flat portion (with 45% of released 39 Ar) with a (small plateau) age of 1574 ± 24 Ma, similar within-error to the D8-1 integrated age.

Port Martin (Neoarchean Amphibolite facies crust) Amphibole Gneiss 12GL-23

Amphibole gneisses of Port Martin are orthogneisses with a grano-diorite composition, which are intensely foliated and include a high proportion of stretched mafic enclaves (Fig. 16E). In thin section, both amphibole and biotite define the HT foliation with titanite and plagioclase. The rock seems to be unaltered (Fig. 15). Locally, biotite is found in inclusion in amphibole.

than amphiboles from the same sample, which exhibit more complex shapes with very high (1.7-2.1 Ga) ages in the first steps. However, amphibole D4-1 shows a plateau age with 85% of 39 Ar of 1642 ± 8 Ma and D4-2 exhibits a slightly younger age of 1616 ± 12 Ma.

Granite PMA-08

This granite is a 'MFK' granite (Duclaux, 2008). Biotite from this granular and foliated granite (Fig. 16) shows a flat laser 40 Ar/ 39 Ar spectra, with a plateau age of 1710 ± 9 Ma obtained with 97% of released 39 Ar (Fig. 18).

Amphibolite PMA-07

This sample is found as elongated enclaves within the MFK granite (PMA-08, above). It exhibits a homogeneous porphyritic granular texture suggesting a former cumulative magmatic texture (Fig. 17), and also bears a gabbro-diorite composition, which are suggestive of a magmatic origin. Amphibole laser 40 Ar/ 39 Ar dating (Fig. 18) shows a staircase shape with a maximum age of 1845 ± 28 Ma in the three last HT steps, which is suggestive of some excess argon, and thus is regarded as a geologically meaningless age.

Filonian Pink granite PMA-08A

Sample PMA-08A is a cross-cutting pink granite dyke, also affected by ductile deformation, characterized by elongated K-feldspar clasts (Fig. 17). The amphiboles from this sample display two relatively similar spectra (Fig. 18). Experiment E4-2 provided a complex pattern with no plateau age and two flat parts at 1703 ± 12 Ma (37% of 39 Ar, mid part of the spectra) and 1640 ± 12 Ma (10% of 39 Ar, last HT steps). However, some steps with higher ages were also obtained in between these two flat parts, which shows that this sample was not fully reequilibrated. In contrast, the experiment E4-1 displays a plateau age of 1649 ± 23 Ma (71% of 39 Ar), which is in good agreement with the higher temperature steps of E4-2.

PMA-14A biotite shear zone

This shear zone exhibits a schistose/gneissic foliation defined by alignment of amphibole, biotite and altered plagioclase crystals (Fig. 17). Amphibole is locally altered, with often irregular contacts, while biotite appears to have sharp contacts with other minerals, and is not chloritized.

Laser 40 Ar/ 39 Ar Biotite experiments (A6-1 & 2) of sample PMA-14A display two coherent spectra, with well-constrained plateau ages of 1658 ± 7 Ma (A6-2) and 1653 ± 8 Ma (A6-1), corresponding to 96 and 91% of released 39 Ar, respectively (Fig. 18). In contrast, the amphibole experiments show a slight U-shape, with a younger age of 1570 ± 10 Ma, and a very large step forming the lower age at its base, of 1569 ± 3 Ma.

For comparison, this sample was also analyzed by oven 40 Ar/ 39 Ar step heating (Fig. 19). The biotite experiment returned a similar within error age as the laser experiments, of 1639 ± 10 Ma, with 95% of released 39 Ar. The amphibole experiment gave a slightly older age of 1658 ± 10 Ma based on steps 5-7, which represent 80% of the released 39 Ar. Steps 1-4 have lower ages and Ca/K ratios, suggesting the possible contribution of biotite inclusions, which may have influenced the degassing of the low temperature part of the experiment. Further, the HT steps 8-10 also show younger ages, while the Ca/K and Cl/K ratios remain similar to the steps 5-7.

PMA-14B Orthogneiss

PMA-14B Orthogneiss is a strongly foliated meta-granite, mineralogically similar to sample PMA-08, exhibiting large K-feldspar porphyroclasts and elongated amphibole-bearing enclaves, suggesting it corresponds to a sheared equivalent of the MFK granite .

Laser 40 Ar/ 39 Ar biotite A7 experiment provided a plateau age of 1655 ± 6 Ma corresponding to 90% of 39 Ar (Fig. 18). It is therefore coherent with the biotite shear zone PMA-14A age.

Laser 40 Ar/ 39 Ar amphibole runs show more complex spectra, with experiment E2-1 providing a plateau age of 1589 ± 4 Ma corresponding to about 83% of 39 Ar, with slightly lower ages in the two first steps, and slightly older ages in the last 10% HT part of the spectra. The experiment E2-2 also gave a slightly younger within-error plateau age of 1584 ± 9 Ma, corresponding to 70% of the 39 Ar signal. This lower age is also characterised by an increasing 'staircase' shape in the 30% LT part of the spectra, and younger ages in the last HT steps representing less than 5% of the 39 Ar. It might thus be explained by a slight alteration and may be considered as a minimum age. However, the two duplicates agree for a strong recrystallization of amphibole at 1589 Ma.

PMA-14C Amphibolite

PMA-14C Amphibolite is a recrystallized dyke (Fig. 16G) cross-cutting the ductile foliation of Port Martin amphibolites. The dyke has a fine grained magmatic granular texture with large flakes of hornblende surrounded by small needles of biotite and zoned and strongly altered plagioclase (Fig. 17).

In this sample, laser experiments undertaken on amphibole provided two slightly different ages. Plateau ages of 1558 ± 7 Ma (E3-1) and 1599 ± 13 Ma E3(2) were obtained with 80 and 90% of released 39 Ar, respectively. The 1558 Ma age is considered as a minimum age as this sample shows lower ages in both the LT and HT part of the spectra. In contrast, the 1599 Ma age is regarded as a maximum age as this spectrum exhibits a slight U-shape. In this latter sample, the age of the main central step forming the essential part of the plateau is of 1597 ± 6 Ma. The age of amphiboles in this sample can thus be bracketed between 1597 and 1558 Ma. Therefore, this age is thus in good agreement with the age of PMA-14B orthogneiss amphiboles, and suggest that dyke emplacement occurred during a phase of shear zone reactivation at ca. 1590 Ma, with possible younger reactivations after 1558 Ma.

Laser 40 Ar/ 39 Ar dating of biotite gave a slightly younger age. Experiment A8 provided a plateau age of 1526 ± 9 Ma with 100% of the 39 Ar signal. This age agrees with biotite crystallization or reequilibration at the periphery of amphibole.

Discussion

'Excess Argon' in amphiboles and its impact on 40 Ar/ 39 Ar dating

Step heating experiments undertaken in the eastern Terre Adélie Craton highlight widespread evidence of excess argon, characterised by U-shaped spectra. In the following, we question the significance of excess argon as an extraneous Ar component incorporated in the minerals during deformation events and show that it results from inherited M1 mineral components due to an incomplete reset of samples during M2.

In-situ datings undertaken by Di Vicenzo et al. (2007) in Correll Nunatak gave a spread of ages (Fig. 20) similar to that of total gas oven and laser step-heating ages obtained in the present study (Table 2). Amphibole in-situ and total-gas ages (Fig. 20) stand between the granulite (M1) and upper amphibolite (M2) facies events constrained by U-Th-Pb dating of monazite and zircon (2.5 and 1.7 Ga; [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF][START_REF] Oliver | Proterozoic geology east and southeast of Commonwealth Bay, George V land, Antarctica, and its relationship to that of adjacent Gondwana terranes[END_REF]Duclaux et al., 2008), and thus have no geological meaning. The distribution of in-situ amphibole ages of Di Vicenzo et al. ( 2007) follows a Gaussian distribution with an average age of 1840 Ma (Fig. 20). The in-situ and total gas amphibole ages are thus significantly different to the plateau ages, which all fit with the M2 event (Fig. 21). In contrast to amphiboles, the distribution of in-situ biotite ages from Di Vicenzo et al. (2007) corresponds to that of the biotite step-heating plateau ages undertaken in the same samples (Fig. 20). The ages are thus in agreement for a full reset of biotite during the M2 (1.7-1.5 Ga) events, and show that biotite seems to be unaffected by excess Ar. In contrast, we suggest that amphiboles retained some Ar inherited component from the M1 Neoarchean minerals. Several further arguments can be put forward to support this hypothesis:

(i) First, Di Vicenzo et al. ( 2007) did not note any core-to-rim variation in age, which should be the case if the argon was incorporated from the amphibole rims. Further, we show in this paper, that in the Correll Nunatak mylonitized amphibolite samples, the excess argon affects the ages of the least deformed rocks, and is nearly absent in the highly strained mylonites. In zones unaffected by alteration or shear zone deformation, where the granulite facies assemblages are preserved, ages are generally higher than in the high strain zones. This age resetting is also evidenced in U-Pb monazite ages, which range between 2.6-2.4 Ga for monazites included in garnet and feldspar and between 1.897-1.696 Ga for monazites in the foliation (Duclaux et al., 2008).

(ii) The comparison of laser and oven step-heating ages of biotite and amphibole generally showed similar within-error results. The analysis of Ca/K and Cl/K ratios shows that [START_REF]Proterozoic East Gondwana: Supercontinent Assembly and Breakup[END_REF] biotites have homogeneous Ca/K and Cl/K compositions, and the corresponding spectra are devoid of any excess Ar. Their age can thus confidently be interpreted in terms of a crystallization age for biotite. (2) Amphiboles show very high ages in the spectra LT steps, and these steps have Ca/K and Cl/K ratios similar to biotite. Thus, the amphibole ages appear to be a mixture of several components, which suggests that initial crystallization of amphibole occurred during the M1 retrogression. During the recrystallization of amphibole in the course of the M2 events, a part of the inherited Ar was preferentially incorporated into biotite inclusions.

(iii) Finally, the spread in total gas ages of laser experiments does not exceed the ages of protoliths, which initially formed during the Neoarchean (2.5 Ga) event. Incorporation of extraneous argon should have led to some (locally) higher ages than the protoliths. This point is corroborated by the fact that argon has a partition coefficient highly favorable to fluids and should therefore be expelled in the fluids during deformation and not remain in the mineral (e.g., Sanchez et al., 2012;[START_REF] Villa | Geochronology of metasomatic events[END_REF].

Consequently, it follows that total gas ages are minimum ages of the Neoarchean/Paleoproterozoic protolith, which were generally significantly affected by the 1.7-1.5 Ga events. Therefore, we conclude that (1) the amphiboles retain a Neoarchean argon age signal, which is a strong argument for initial crystallization of some amphiboles after the granulite peak at 2.5 Ga. Further, (2) the 40 Ar/ 39 Ar total gas (/ or K-Ar) ages can be used to discriminate between the Neoarchean basement and the more recent domains of the Terre Adelie and Gawler cratons (like the western Proterozoic Dumont D'Urville Basin or the eastern Ediacaran domain) in the tracing of modern sediments (e.g., [START_REF] Pierce | Evidence for a dynamic East Antarctic ice sheet during the mid-Miocene climate transition[END_REF].

However, their absolute variability between 2.5 and 1.7 Ga cannot give any insight into any precise age of the protolith within the Neoarchean Terre Adélie Craton. Despite the presence of inherited excess Ar, it remains possible to date amphiboles with step-heating techniques. Results from both amphibole laser or oven step-heating experiments shows that it is possible to discretize the parts of spectra which give a meaningfull geological age based on the Ca/K and Cl/K ratios. However, as shown in samples 12GL-13 and 12GL-14, these steps may represent less than 50% of the released 39 Ar in amphibole. In this context, the insitu 40 Ar/ 39 Ar ages like those of Di Vicenzo et al. (2007) or bulk (total gas) 40 Ar/ 39 Ar ages will lead to geologically meaningless ages. East Commonwealth Bay Unit, displays the larger range of ages. Total gas ages obtained in both in-situ and step-heating experiments are spread between 2.4 and 1.5 Ga, which was not observed elsewhere. As emphasized in section 6.1, we interpret these ages as inheritance from a M1 Neoarchean crystallization phase, due to incomplete resetting during M2. However, at regional scale, the plateau and maximum Ar ages show much less variation, and lie at the lower bound of this range, between 1.7 and 1.5 Ga (Fig. 22), and are thus in agreement with the M2 U-Pb ages [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF][START_REF] Oliver | Proterozoic geology east and southeast of Commonwealth Bay, George V land, Antarctica, and its relationship to that of adjacent Gondwana terranes[END_REF]Duclaux et al., 2008). This study shows from east to west in the Terre Adélie Craton:

(1) in Correll Nunatak, within the Mertz Shear Zone, most samples record plateau ages comprised between 1700 and 1537 Ma, and some excess Ar in the amphiboles. Given hypothesis is also supported by the P-T estimates undertaken on Correll amphibolites (section 4.2), which give insight for a progressive recrystallization of amphiboles during decompression between 700°C -0.6 GPa and 550°C -0.2 GPa. The fact that amphiboles locally record (more complex) younger ages than biotites could be explained by the inflow of Ca-rich fluids during shear zone deformation, which largely dissolved the plagioclase and led to the recrystallization of the neighbouring calcic amphiboles as well, highlighted by internal grain deformation (Fig. 6). In this context, biotite ages are less spread out. This may be due to its more complete recrystallization during high temperature M2 metamorphism. Further, biotite retrogression occurred out of the field of chlorite crystallization, which made it less prone to reequilibrate during the lower pressure deformation stages (0.5-0.2 GPa).

Biotites average age is of 1650-1610 Ma, in agreement with a main phase of recrystallization close to the Paleoproterozoic amphibolite P-T peak. In the neighbouring Aurora Peak, monazites which crystallized in in situ U-Pb dating of monazite within the rock fabric yielded ages of 1619 ± 48 Ma as for the major phase of biotite recrystallization in the Correll shear zones (Duclaux et al., 2008).

(2) In the rest of the Granulite Neoarchean domain (East Commonwealth Bay Unit), the plateau ages cluster between 1710 and 1494 Ma (Fig. 22). At Stillwell Island, the plateau ages cluster between 1660 and 1605 Ma for both biotites and amphiboles, 2008) obtained an average biotite age of ∼1612 Ma for a sample from a biotite-rich mylonite within a compressional shear zone, displaying top-to-the-east kinematics (Fig. 13). This younger biotite age is thus ascribed to low grade deformation and fluid circulation during the compressional tectonic event.

Finally, the secondary biotite recrystallizations observed around the 12GL-16 amphiboles show significantly lower ages of 1537 ± 9 Ma and 1541 ± 8 Ma, which is related to the thermal imprint and deformation accompanying the late mafic dykes intrusions, as mafic dykes are observed adjacent to the sample. Given the above results, we suggest the sequence of ages in Cape Pigeon features: (i) a first phase of (M2) metamorphic crystallization of amphibole and monazite at 1700 Ma, followed by (ii) compressional top-to-the-east shear zone activity at 1612 Ma, and (iii) mafic dyke intrusion at ∼1540 Ma.

(3) To the west, in the Neoarchean basement amphibolite domain (Port Martin Unit), analyzed samples still show a large range of ages (Fig. 22). In Cape Denison, 40 Ar/ 39 Ar ages show a complex recrystallization history of amphibole between 1633 and 1404 Ma. A more or less complete recrystallization of amphibole occurred during a ca.

1574 Ma deformation event. This event is exhibited by the complex spectra of amphibolite sample JJP98-51, with experiment D8-1 (Fig. 18), which may result from an Ar recoil effect due to the altered state of amphiboles ( 40 Ar* nm-scale displacement during 40 K spontaneous radioactive decay; [START_REF] Zimmermann | Kinetics of the release of argon and fluids from glauconies[END_REF][START_REF] Szczerba | Molecular modeling of the effects of 40 Ar recoil in illite particles on their K-Ar isotope dating[END_REF]. In contrast, experiment D8-2 experiment (Fig. 18) shows a marked tendency towards younger ages in LT and HT steps, which might be due to some Ar loss during greenschist facies alteration. We thus interpret the 1574 Ma age to be a closest (minimum) estimate of amphibolite facies recrystallization in these samples. In the western part of the Neoarchean basement amphibolite domain, at Port Martin, dated samples show a similar age range as for Correll Nunatak with biotite plateau ages bracketed between 1710 ± 9 Ma and 1616 ± 12 Ma in most undeformed rocks and 1658 ± 7 Ma to 1570 ± 10 in high strain zones, with a younger biotite age of 1526 ± 9 Ma related to hydrothermal alteration along mafic dykes, as the sample was taken from adjacent to a mafic dyke. Initial magmatic emplacement of the granite protolith is dated by a U-Pb zircon age of 2441 ± 4 Ma (Ménot et al., in press). The magmatic textural relationships are still partly preserved away from the shear zones: enclaves of amphibolites within the MFK granite are indicative of a mingling process with the MFK granite [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF]. Biotite samples dated by Duclaux et al. (2008) exhibited similarly old plateau ages between 1700 ± 3 Ma (Cap de la Découverte) and 1678 ± 3 Ma (Port Martin) in their undeformed samples. It follows that the high-grade (amphibolite facies) reset of biotite and amphibole within these samples is ascribed to the development of the foliation, and recrystallization is bracketed from ca. 1700 to 1650 Ma for both biotite and amphibole. Complete reequilibration of biotite within a vertical foliation related to the early shear zone stage is suggested by PMA-14B orthogneiss and the PMA-14A shear zone. In this sample, the biotite-bearing foliation formed during a deformation event characterised by vertical flattening and shearing at about 1655 Ma. Some of the amphibole 40 Ar/ 39 Ar datings (PMA-07) exhibit some excess Ar patterns, and a partly reset age of 1845 ± 28 Ma, due to the incomplete recrystallization of these samples. Some further incomplete reset is documented in the age range of ca. 1550-1500 Ma.

These ages are related to shear zones (e.g., PMA-14A) and cross-cutting dykes, and thus represent deformation and fluid flow event related to the development of discrete low grade high-strain zones.

(4) In the western Paleoproterozoic Dumont D'Urville basin (Fig. 22), Duclaux et al.

(2008) obtained decreasing biotite ages from east to west, from 1691 ± 7 Ma (Cap Jules) to 1567 ± 2 Ma (Pointe Géologie). In this domain, as in the rest of the Terre Adélie Craton, the age range obtained by 40 Ar/ 39 Ar on biotite and amphibole is more in agreement with several superimposed thermal events between 1691 and 1567 Ma, related to mafic dyke emplacement and shear zone activity. These data show that M2 metamorphism was punctuated by several thermal events and phases of deformation, which affected the whole Terre Adélie Craton, including the Dumont D'Urville basin. It was sufficiently high grade to reset all the biotites and most of the amphiboles which crystallized before in the Neoarchean basement, even in cases where the granulite facies texture is well preserved (e.g., sample RPM98-144, section 4).

P-T-t evolution and Main deformation stages in the Terre Adélie Craton

Main metamorphic / deformation stages

Given the variability of ages obtained in narrow outcropping zones highlighted in the previous section, we suggest that the age groups are representative of a petro-chronological evolution related to superimposed deformation / fluid flow events rather than cooling in relation to a long-lived regional-scale thermal event. Based on the probability distribution curves of amphiboles and biotites at the scale of the Terre Adélie Craton (Fig. 22), three to five stages of recrystallization can be discretized:

Stage 1 (1700-1650 Ma)

For biotites, the first stage is centered around 1696 Ma, and corresponds to 27% of plateau ages, while the second is around 1653 Ma and corresponds to 36% of ages. For amphiboles, the older peak of plateau ages is at 1677 Ma, and corresponds to 32% of the obtained ages.

Therefore, the oldest peak of amphibole plateau ages could correspond to a mixture of both stages or to a specific stage of amphibole crystallization, as it is also characterised by a corresponding minor peak in the biotite age distribution. Based on these plots, we conclude that more than half of biotites and one third of amphibole ages are bracketed between 1700 and 1650 Ma, which corresponds to the main Paleoproterozoic phase of HT metamorphism which affected the whole Terre Adélie Craton, and is bracketed between 1712-1696 Ma by monazite population ages (Duclaux et al., 2008) in the Granulite facies Neoarchean Crust.

Similar ages were also obtained in the Amphibolite part of the Neoarchean Crust and at 1.70 Ga by zircon SHRIMP U-Pb dating in a sheared Neoarchaean orthopyroxene bearing mafic gneiss from Madigan Nunatak, south of Cape Denison [START_REF] Oliver | Proterozoic geology east and southeast of Commonwealth Bay, George V land, Antarctica, and its relationship to that of adjacent Gondwana terranes[END_REF]. [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF] obtained similar ages in the Dumont D'Urville basin by U-Pb on zircon (Table 1).

The majority of obtained biotite and one third of the amphibole 40 Ar/ 39 Ar ages is thus either similar within error to slightly younger than this 1.7 Ga metamorphic peak, and can therefore be related to ongoing deformation and progressive cooling during decompression following this event until ca. 1650 Ma.

Stage 2 (1650-1600 Ma)

The most prominent, and second, major amphibole plateau age peak (43% of ages) falls at ca. 1604 Ma. This peak is close (within 5 Ma) to a peak in biotite ages emphasized by 17.5% of ages at ca. 1608 Ma. As shown in Fig. 22, this group of ages is found in the whole Terre Adélie Craton, and is sufficiently distinct (by about 50 Ma) from the other ones to suggest that it might correspond to a distinct metamorphic/tectonic event rather than a partial reset of minerals due to the stage 3, as previously proposed by Duclaux et al. (2008), who determined similar ages but did not interpret these data as distinct events.

Stage 3 (1590-1500 Ma)

Finally, after another minor peak at 1590-1580 Ma found in both amphibole and biotite datasets, a third and last cluster of amphibole ages of ca. 1560 Ma, which corresponds to 25% of amphiboles. A minority of biotite ages cluster between 1537 and 1509 Ma (about 20% of total ages). This spread in biotite age is thus slightly younger than the last amphibole age group. The 1.5 Ga thermal event was already recognized in the eastern Terre Adélie Craton by Duclaux et al. (2008), on the basis of biotite 40 Ar/ 39 Ar dating, but here we show that it occurs in the whole Terre Adélie Basement (Fig. 22). This event is represented by numerous partly reset ages, and appears to be temporally more spread out than previous 

P-T-t evolution

The contrasted P-T evolutions estimated for the M1 Aurora Peak, Stillwell Island granulites and the M2 Correll Nunatak amphibolites (section 4) suggest that they correspond to two distinct metamorphic events (Fig. 23). Aurora Peak granulites show a decompressional P-T path in the granulite facies in the two investigated samples (RPM112 and 114). Two stages of crystallization may be considered: (1) a HP-HT M1 granulite facies assemblage garnetorthopyroxene-plagioclase±biotite which crystallized at ~0.8-1.0 GPa and 800-850°C and (2) a retromorphose MP-HT M1 granulite facies assemblage garnet-biotite-orthopyroxenequartz-plagioclase-ilmenite at ~0.6 GPa and 750°C, at the transition with the amphibolite facies.

The retrogression into the amphibole-bearing, garnet-orthopyroxene free assemblage in Stillwell sample RPM98-144 is interpreted as the M2 event. In this sample, a full P-T-t path can be traced for this sample from a M1 peak at 0.8 GPa and 750°C in agreement with Aurora samples, to a M2 retrogression at P < 0.7 GPa and T ~ 700°C. M1 can be related to the Neoarchean Granulite facies >2.5-2.4 Ga event, recorded in monazites which are embedded in garnet (Duclaux et al., 2008) and protolith ages of related magmatic rocks (Peucat et al., 2001). The M2 regional amphibolite facies overprint is correlated to the Paleoproterozoic group of ages (1700-1650 Ga) recorded in amphibole and biotite from symplectites in undeformed retrogressed granulites of Stillwell, Cape Pigeon and Cape Gray.

Finally, the Correll Nunatak sample RPM98-111 shows a progressive change of amphibole compositions, interpreted as a progressive reequilibration of amphibole during Mertz Shear Zone activity and retrogression during M2. As highlighted in section 6.2, this M2 evolution occurs during stage 2 from 1650 to 1500 Ma. Previous studies on the same zone (Correll Nunatak) failed to give any precise P-T conditions for this stage. A broad P-T estimate was proposed by [START_REF] Talarico | Structural and metamorphic evolution of the Mertz Shear Zone (East Antarctica Craton, George V Land): implications for Australia/Antarctica correlations and East Antarctic Craton/Ross Orogen relationships[END_REF], who suggest that shear fabrics developed during slightly different metamorphic conditions, with a progressive evolution from early medium-P amphibolite-facies metamorphism (P of ∼ 0.7 GPa and T≤ 750 °C) during mylonitic deformation along the Mertz Shear Zone. Estimates undertaken in this study allow to constrain these conditions to 670-700°C and 0.6-0.7 GPa (Fig. 4). These peak P-T conditions were sufficient for a full reset of amphibole and biotite 40 Ar/ 39 Ar ages, and a partial reset of monazites at 1.7 Ga in the Correll samples. This stage is emphasized by the main crystallization of hornblende and constrains the main phase of ductile deformation along the Mertz Shear Zone. Further local resets of the K/Ar system from 1600 until after 1500 Ma are ascribed to fluid-rock interaction during low grade shear zone activity (P<0.3 GPa, T<550°C).

Geodynamic events

The different phases highlighted in section 6.2 and the P-T-t constraints summarized in previous section highlight a > 200 Myr long deformation and metamorphic history. Below, we attempt some comparisons with the neighbouring Australian Gawler Craton and the western Laurentia paleocontinent, and propose a tectonic sketch evolution of this region in the Paleo-to Mesoproterozoic times. 6.4.1. The 2.5-2.4 Ga event Monazite ages, which were included in garnet and plagioclase show a preserved age of 2477 -2433 Ma (Duclaux et al., 2008). [START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF] and [START_REF] Oliver | Proterozoic geology east and southeast of Commonwealth Bay, George V land, Antarctica, and its relationship to that of adjacent Gondwana terranes[END_REF] also record U-Pb SHRIMP ages around 2.45-2.43 Ga in the grey gneisses of the Port Martin and Cape Denison. This age range is interpreted to be the age of the HT granulite facies peak metamorphism and of subsequent migmatization during M1 granulite to upper amphibolite facies retrogression associated with decompression around 2. 45-2.43 Ga (Duclaux et al., 2008). The P-T calculations undertaken in this study on the same locations, show that peak metamorphic conditions attained in the eastern Terre Adélie Craton were in the granulite facies (850°C and 1.0 GPa, section 6.3). Based on the zoning pattern of garnet, we show that crystallization during this event occurred in a context of decreasing P at relatively HT, down to ~0.6 GPa -750°C. However, these rocks were strongly transposed during the following 1.7-1.5 Ga events, as evidenced by the widespread corresponding amphibolite facies overprint, and by the absence of any preserved Neoarchean 40 Ar/ 39 Ar age. The tectonic context associated to the 2.5-2.4 Ga event is thus still very enigmatic, as the corresponding fabrics have been intensely transposed into the M2 strain field. In the Gawler Craton, similar ages and P-T conditions have been obtained and ascribed to the 'Sleafordian Orogeny' (e.g., [START_REF] Daly | Archaean[END_REF][START_REF] Reid | SHRIMP U-Pb zircon age constraints on the tectonics of the Neoarchean to early Paleoproterozoic transition within the Mulgathing Complex, Gawler Craton, South Australia[END_REF][START_REF] Halpin | Earliest Paleoproterozoic high-grade metamorphism and orogenesis in the Gawler Craton, South Australia: The southern cousin in the Rae family?[END_REF]. The similarity in timing and style of this thermal event and the 2.5-2.28 Ga 'Arrowsmith Orogeny' of the Rae Craton supports the notion that these terranes, together with the broader Gawler-Adélie Craton of the Mawson Continent, the North Australia Craton, elements of the North China, Sino-Korean and Dharwar cratons formed part of a family of Neoarchean terranes, described as the 'Rae' cratons [START_REF] Halpin | Earliest Paleoproterozoic high-grade metamorphism and orogenesis in the Gawler Craton, South Australia: The southern cousin in the Rae family?[END_REF]. According to these authors, the high P-T conditions, with similar gradients of 125-135°C/kbar, likely represent inversion of a thinned and underplated intra-continental extensional basin within the Rae supercraton. 6.4.2. The 1.7-1.65 Ga event At the scale of the Terre Adélie Craton, it seems that the first 1700-1650 Ma event is found in the whole crustal section, and occurred more pervasively than previously thought (Fig. 24). The P-T calculations undertaken in this study show a culmination of M2 at 670-700°C and 0.6-0.7 GPa (section 6.3), and are often associated to mylonitic deformation. The prominence of this event is found to be similar in the Australian Gawler Craton, where it is implied as the Kimban-Nimrod orogeny [START_REF] Foster | 40 Ar-39 Ar thermochronology of the southern Gawler Craton, Australia: Implications for Mesoproterozoic and Neoproterozoic tectonics of East Gondwana and Rodinia[END_REF][START_REF] Vassallo | Structural repetition of the Hutchison Group metasediments, Eyre Peninsula, South Australia[END_REF][START_REF] Koppers | ArArCALC software for 40 Ar/ 39 Ar age calculations[END_REF][START_REF] Tong | Metamorphic evolution and reworking of the Sleaford Complex metapelites in the southern Eyre Peninsula, South Australia[END_REF]Dutch et al., 2008;2010;[START_REF] Lane | Age constraints on the timing of iron ore mineralisation in the southeastern Gawler Craton[END_REF]Reid et al., 2019b). The ca. 1.7 Ga is also broadly recognized in East Antarctica, in the Trans-Antarctic Mountains (Goodge andFanning, 1999, 2016;[START_REF] Goodge | U-Pb evidence of ∼1.7 Ga crustal tectonism during the Nimrod Orogeny in the Transantarctic Mountains, Antarctica: implications for Proterozoic plate reconstructions[END_REF]. In contrast, this event is absent in the Central East Antarctica [START_REF] Goodge | Proterozoic crustal evolution of central East Antarctica: Age and isotopic evidence from glacial igneous clasts, and links with Australia and Laurentia[END_REF]. The corresponding geodynamic context is an arc-type context corresponding to the ca. 1.7 Ga Bonnetia arc (Thorkelson et al., 2001a-b;[START_REF] Furlanetto | Late Paleoproterozoic terrane accretion in northwestern Canada and the case for circum-Columbian orogenesis[END_REF][START_REF] Furlanetto | The Paleoproterozoic Wernecke Supergroup of Yukon, Canada: relationships to orogeny in northwestern Laurentia and basins in North America, East Australia, and China[END_REF]Aitken et al., 2016). Growth of the arc/active margin may correspond to a period of plate convergence between Laurentia and Mawson Continent (which includes the Gawler and Terre Adélie cratons) prior to collisional tectonics by about 1650-1600 Ma. The ca. 1.7 Ga Nimrod-Kimban metamorphism and tectonics appear related to crustal thickening associated with accretion of cratonic blocks to form the Mawson Continent [START_REF] Goodge | U-Pb evidence of ∼1.7 Ga crustal tectonism during the Nimrod Orogeny in the Transantarctic Mountains, Antarctica: implications for Proterozoic plate reconstructions[END_REF][START_REF] Betts | The 1800-1100 Ma tectonic evolution of Australia[END_REF][START_REF] Payne | Correlations and reconstruction models for the 2500-1500 Ma evolution of the Mawson Continent[END_REF][START_REF] Goodge | Mesoarchean and Paleoproterozoic history of the Nimrod Complex, central Transantarctic Mountains, Antarctica: stratigraphic revisions and relation to the Mawson Continent in East Gondwana[END_REF]. Transcurrent motions of major cratonic blocks on the side of a subduction zone may explain the presence of numerous shear zones with horizontal stretching (e.g., [START_REF] Furlanetto | Late Paleoproterozoic terrane accretion in northwestern Canada and the case for circum-Columbian orogenesis[END_REF]. In this context, rapid opening and closure of the intra-continental Dumont D'Urville and Hunter basins, like in the northern Gawler Craton [START_REF] Payne | Provenance of metasedimentary rocks in the northern Gawler Craton, Australia: implications for Palaeoproterozoic reconstructions[END_REF] could have occurred as marginal basins at the back of the subduction system. Further, as some ductile shear zones have localized injection of mafic dykes with an age of 1700-1650 Ma (Port Martin), it is notable that mafic dyke injection started during this phase in response to asthenosphere upwelling.

The 1.65-1.6 Ga event

The thermal events recorded by 40 Ar/ 39 Ar dating of amphibole and biotite in the present study (stage 2) largely overlap with the ca. 1650-1620 Ma Early Kararan Orogeny in Australia Gawler Craton [START_REF] Daly | Tectonic evolution and exploration potential of the Gawler Craton, South Australia[END_REF][START_REF] Betts | The 1800-1100 Ma tectonic evolution of Australia[END_REF][START_REF] Hand | Tectonic framework and evolution of the Gawler Craton, Southern Australia[END_REF][START_REF] Armit | Late Palaeoproterozoic evolution of the buried northern Gawler Craton[END_REF] and with the Mazatzal orogeny in Laurentia (e.g., Goodge et al., 2017 and references therein). In Australia, this event is still enigmatic. ca. 1650 Ma dextral transpressive orogenic event is associated with high-temperature metamorphism in the western part of the craton [START_REF] Daly | Tectonic evolution and exploration potential of the Gawler Craton, South Australia[END_REF][START_REF] Ferris | The geological framework, distribution and controls of Fe-oxide and related alteration, and Cu-Au mineralisation in the Gawler Craton, South Australia. Part 1: Geological and Tectonic Framework[END_REF][START_REF] Swain | Age constraints on terrane-scale shear zones in the Gawler Craton, southern Australia[END_REF], like in the Dumont D'Urville basin, while [START_REF] Fraser | Timing of deformation and exhumation across the Karari Shear Zone, north-western Gawler Craton, South Australia[END_REF] suggest that tectonic activity had ceased by ca. 1560 Ma along the NW Gawler boundary Karari Shear Zone. In the rest of the Gawler Craton, the most robust evidence of c. 1650 Ma geological activity is the formation of fault-bounded rift basins between 1680 and 1640 Ma, e. g. the Tarcoola Formation [START_REF] Howard | Provenance of late Palaeoproterozoic cover sequences in the central Gawler Craton: Exploring stratigraphic correlations in eastern Proterozoic Australia using detrital zircon ages, Hf and Nd isotopic data[END_REF]. This argues for extension being an important tectonic driver at this time. This extension seems to have been terminated by a compressional event some time during the interval at c. 1635 -1605 Ma highlighted in the St Peter Suite from the Southern Gawler Craton (see Reid et al., 2019a for full discussion). Continued subduction beneath the western Gawler Craton is indicated by the emplacement of the arc-type magmas along the southwestern margin of the Gawler Craton at ca. 1620 -1610 Ma [START_REF] Ferris | The geological framework, distribution and controls of Fe-oxide and related alteration, and Cu-Au mineralisation in the Gawler Craton, South Australia. Part 1: Geological and Tectonic Framework[END_REF]Aitken et al., 2016).

In western Laurentia, the rocks of the Cochise Block in the southernmost part of the Mazatzal Province are also formed between ca.1650 and 1630 Ma (Eisele and Isachsen, 2001). There, accretion phases appear episodically during a long-lived subduction history.

For instance, in the northern Mazatzal Block deformed 1700-1690 Ma volcanics and a ca. 1650 Ma post-tectonic granite bracket accretion orogenesis between 1690 and 1650 Ma. In the Terre Adélie Craton, the occurrence of numerous thermal events throughout the period 1.7-1.6 Ga is in agreement with a similar orogenic domain controlled by episodic accretion along a major subduction zone. In a first stage, onset of subduction of old oceanic crust may explain the Dumont D'Urville and Hunter basin due to back-arc extension above a steep subduction in a roll-back context. Further, the overall east-west shortening context (Fig. 24) is characterized by top-to-the East shear zones and intense vertical flattening. Such shortening could be attributed to phases of subduction dominated by flat slab and phases of tectonic accretion, in which deformation is mainly compressional. Evolution towards oblique compression and strike-slip could be ascribed to strain partitioning during phases of oblique subduction. In this context, episodic shear zone reactivation and emplacement of magmatic dykes led to partial reequilibration of the K/Ar system. In some localized zones of Terre Adélie Craton (like in Cape Pigeon), oblique compression led to combined thrusting and transpressional strike-slip deformation (Fig. 24).

The 1.6 -<1.5 Ga events

The eastern part of the craton underwent a widespread and pervasive deformation event at 1550-1500 Ma, while to the west, the Dumont D'Urville basin and the western part of the Neoarchean craton underwent more scattered shear zone related recrystallization (Fig. 24).

Based on field relationships in the Neoarchean basement (i.e. Correll Nunatak, Cape Pigeon, Stillwell Island), these peaks can be related to ductile deformation phases which lead to partial recrystallization at mineral scale. The obtained ages and field relationships agree with the development of discrete shear zones in the whole Terre Adélie Craton basement, which guided the intrusion of numerous slightly deformed mafic dykes at ca. 1600-1540 Ma, and was followed by ongoing hydrothermal alteration and minor deformation until < 1500 Ma. This magmatism is equivalent to the 1590-1550 Ma mafic dyke swarms documented in the Gawler Craton and western Laurentia paleocontinent (Fig. 25;e.g., Fanning et al., 1988;[START_REF] Johnson | Geochronological and Sm-Nd isotopic constraints on the genesis of the Olympic Dam Cu-U-Au-Ag deposit, South Australia[END_REF][START_REF] Hamilton | U-Pb geochronology of the Western Channel Diabase, northwestern Laurentia: implications for a large 1.59 Ga magmatic province Laurentia's APWP and paleocontinental reconstructions of Laurentia, Baltica and Gawler craton of southern Australia[END_REF][START_REF] Thorkelson | Early and middle Proterozoic evolution of Yukon, Canada[END_REF]. During this period, a silicic large igneous province led to the formation of the Gawler Range Volcanics and Hiltaba Suite (e.g. [START_REF] Allen | Evolution and architecture of a large felsic igneous province in western Laurentia: The 1.6 Ga Gawler Range Volcanics, South Australia[END_REF][START_REF] Wade | Heterogeneity of the sub-continental lithospheric mantle and 'non-juvenile' mantle additions to a Proterozoic silicic large igneous province[END_REF], plus widespread equivalent magmatism in the Curnamona Province [START_REF] Wade | Geochemistry and geochronology of the c. 1585 Ma Benagerie Volcanic Suite, southern Australia: Relationship to the Gawler Range Volcanics and implications for the petrogenesis of a Mesoproterozoic silicic large igneous province[END_REF]. A large mafic hot spot is widely regarded as the most likely cause of this ca. 1.59 Ga magmatism in the Gawler area (Giles, 1988;Blissett et al., 1993;Johnson and Cross, 1995;[START_REF] Thorkelson | Early and middle Proterozoic evolution of Yukon, Canada[END_REF]. The center of the major plume event advocated for this large scale igneous event falls just beneath the Terre Adélie Craton northern margin, and is suggested to extend towards western Laurentia (Thorkelson et al., 2001b;[START_REF] Hamilton | U-Pb geochronology of the Western Channel Diabase, northwestern Laurentia: implications for a large 1.59 Ga magmatic province Laurentia's APWP and paleocontinental reconstructions of Laurentia, Baltica and Gawler craton of southern Australia[END_REF][START_REF] Rogers | Geochemistry and U-Pb geochronology of 1590 and 1550 Ma mafic dyke swarms of western Laurentia: Mantle plume magmatism shared with Australia[END_REF]Fig. 25).

Following the plume event, a rifting context is documented at ca.1470 Ma [START_REF] Ross | Provenance and U-Pb geochronology of the Mesoproterozoic Belt Supergroup (northwestern United States): implications for age of deposition and pre-Panthalassa plate reconstructions[END_REF][START_REF] Thorkelson | Early and middle Proterozoic evolution of Yukon, Canada[END_REF]. Locally, in Stillwell Island, one amphibole age of 1494 ± 21 Ma may correspond to the initiation of this phase of rifting which followed the Plume activity.

According to datings of detrital material sampled in glacial till [START_REF] Goodge | Provenance of Neoproterozoic and lower Paleozoic siliciclastic rocks of the central Ross orogen, Antarctica: de-trital record of rift-, passive-, and active-margin sedimentation[END_REF] and oceanic sediment cores [START_REF] Pierce | Evidence for a dynamic East Antarctic ice sheet during the mid-Miocene climate transition[END_REF] detrital amphiboles suggest a large source area with ages ca.1.5-1.4 Ga located east of the Mertz Glacier (Fig. 24), between the Neoarchean domain of Terre Adélie Craton and the ca. 560 Ma region east of 146°E [START_REF] Lamarque | Ediacaran to lower Cambrian basement in eastern George V Land (Antarctica): Evidence from UPb dating of gneiss xenoliths and implications for the South Australia-East Antarctica connection[END_REF]. Similarly, a domain with ca. 1.5 Ga K-Ar ages occurs to the east of Gawler Craton in Australia [START_REF] Webb | Geochronology of the Gawler Craton, South Australia[END_REF]. This 1.5-1.4 Ga domain suggests an axial rift zone just east of the Mertz Shear Zone, which exhumed the middle crust of the Terre Adélie Craton (Fig. 24). This rift domain was active at 1470 Ma and was possibly primarily influenced by the location of the Plume center and the location of major N-S trending shear zones, which were reactivated during this event (Kalinjala and Mertz, Fig. 25). Extensional movements along of this major zone of crustal anisotropy may have led to the exhumation of the lower Terre Adélie Craton on the large scale. As suggested by the shape of Mawson and Laurentia continents (Fig. 25), this zone of rifting appears to have acted as a zone of weakness during later breakup of the Laurentia -Mawson supercontinent.

After this phase of rifting, no younger HT (Ar/Ar, U-Pb) geochronological age is documented in the Terre Adélie Craton until the accretion/ or focused phase of magmatic intrusion of the eastern domain during the Ross-Delamerian Orogeny in the Early Paleozoic at ca. 515 Ma (Lamarque et al., 2018 and references therein;Fig. 25). These authors suggested a different basement than the Terre Adélie Craton for the Penguin Point area based on U-Pb inherited ages. However, the inherited ages at 3.1, 2.7-2.4 and 1.7 Ga are also found in the Terre Adélie Craton (Oliver andFanning, 1997, 2002;[START_REF] Peucat | The Terre Adélie basement in the East Antarctica Shield: geological and isotopic evidence for a major 1.7 Ga thermal event; comparison with the Gawler Craton in South Australia[END_REF]Duclaux et al., 2008), so the presence of a suture between the Mertz shear zone and Penguin Point is not certain.

Further east, in northern Victoria Land, the Wilson Terrane exhibits a similar context as Penguin Point, emphasized by extensive intrusions of subduction-derived granitoids until early Ordovician, and is thus in agreement with an ongoing active margin context in the Early Paleozoic, with a final ocean closure and accretion of the Bowers and Robertson Bay terranes in the Late Cambrian (e.g. [START_REF] Crispini | Petrology and 40Ar-39Ar dating of shear zones in the Lanterman Range (northern Victoria Land, Antarctica): Implications for the metamorphic and temporal evolution at terrane boundaries[END_REF][START_REF] Vincenzo | Paleozoic siliciclastic rocks from northern Victoria Land (Antarctica): Provenance, timing of deformation, and implications for the Antarctica-Australia connection[END_REF][START_REF] Vincenzo | Petrology and geochronology of eclogites from the Lanterman Range, Antarctica[END_REF][START_REF] Rocchi | Arc accretion to the early Paleozoic Antarctic margin of Gondwana in Victoria Land[END_REF]Fig. 25). The end of subduction is pinpointed by the dating of eclogites at 515-498 Ma along the Lanterman Range suture zone [START_REF] Kim | P-T evolution and episodic zircon growth in barroisite eclogites of the Lanterman Range, northern Victoria Land, Antarctica[END_REF]. Therefore, as no ca. 500 Ma ages have been recorded in the Neoarchean and Paleoproterozoic domains of the Terre Adélie Craton during the Ross-Delamerian Orogeny, we suggest that the main exhumation of the Middle crust of Terre Adélie Craton occurred previously during the 1470 Ma rifting event, which followed the major phase of 1.5 Ga plume activity. Very little exhumation occurred during the Early Paleozoic, and the Terre Adélie Craton does not show evidence of any Greenvillian-aged deformation like in western East Antarctica [START_REF] Tucker | A tripartite approach to unearthing the duration of high temperature conditions versus peak metamorphism: An example from the Bunger Hills, East Antarctica[END_REF] or in Central Australia [START_REF] Morrissey | Grenvillian-aged reworking in the North Australian Craton, central Australia: constraints from geochronology and modelled phase equilibria[END_REF].

Afterwards, the last phase of exhumation traced by thermochronology is constrained FT and AHe dating on apatites [START_REF] Rolland | Late Paleozoic Ice Age glaciers shaped East Antarctica landscape[END_REF]. These datings reveal a phase of exhumation below 100°C at about 300-340 Ma in the whole Terre Adélie Craton, during the Late Paleozoic Ice Age.

Conclusion

The Neoarchean basement of Terre Adélie records two superimposed metamorphic events.

The M1 event (>2.5-2.4 Ga) is characterised by widespread granulite facies metamorphism which culminated at P = 0.8-1.0 GPa and 850 ± 50°C, and was followed by a near-isothermal decompression at P = 0.7 GPa and 700-750°C. The M2 event is highlighted by the widespread crystallization of amphiboles in static symplectites or within shear zones. 40 Ar/ 39 Ar dating of Biotite-Amphibole pairs in mafic rocks of the Terre Adélie Craton highlights a >200 Myr long Paleoproterozoic to Mesoproterozoic thermal history, emphasized by numerous resets of the K-Ar system recorded in both minerals in relation to several "discrete" pulses of deformation and fluid flow. 40 Ar/ 39 Ar ages mainly cluster in 3 phases at This (M2) metamorphic phase started at 1700-1650 Ma with a regional-scale Upper Amphibolite facies overprint of the (M1) Neoarchean granulites at 1700-1650 Ma. Stillwell Island, retrogressed into a M2 amphibole-bearing assemblage (see Fig. 3). Mineral abbreviations are from [START_REF] Whitney | Abbreviations for names of rock-forming minerals[END_REF]. Scale of bar is 500 µm. The texture is fine grained with slightly elongated hornblende surrounded by small needles of biotite. Plagioclase is zoned, with clear albite rims and strongly altered anorthite rich cores. 

Figure captions

  amphiboles. Textural relationships agree for amphiboles to have crystallized in first, has shown by their inclusion within biotites. Laser 40 Ar/ 39 Ar ages of amphiboles are 20-90 Myr younger than those of biotites (Fig. 7). Amphibole laser ages are of 1612 ± 9 Ma and 1608 ± 11 Ma, respectively, while biotites in the two samples are within the range 1698-1638 Ma. Duplicate analyses of biotites are either slightly different: 1698 ± 9 and 1660 ± 11 Ma in sample 12GL-13, or within error: 1651 ± 9 and 1638 ± 8 Ma in sample 12GL-14. The good equilibration state of individual mineral grains is reflected by well-established plateaus and the absence of any excess argon in the amphibole spectra.

6. 2 .

 2 Synthesis and interpretation of obtained 40 Ar/ 39 Ar data 6.2.1. Previous 40 Ar/ 39 Ar results Previous 40 Ar/ 39 Ar studies of the Terre Adélie Craton returned the following results. On the eastern margin of the Neoarchean granulite facies domain, within the Mertz shear zone, Di Vicenzo et al. (2007) have obtained in-situ 40 Ar/ 39 Ar laserprobe biotite ages ranging from 1559 ± 8 Ma to 1492 ± 11 Ma at the Correll Nunatak (in the amphibolite facies crust along the Mertz Shear zone) and 1502 ± 9 Ma at the Aurora Peak (in granulite facies rocks). On a limited number of samples, Duclaux et al. (2008) obtained a similar range of biotite plateau ages as in the present study, 1509 ± 3 Ma at Stillwell Island and 1537 ± 3 Ma at Close Island. These results led these authors to propose the occurrence of a ca. 1550-1500 Ma thermal event related to mantle upwelling during shear zone development along the eastern domain of the Terre Adélie Craton. In contrast, results obtained Duclaux et al. (2008) from Cape Gray gave a much older biotite plateau age of 1702 ± 3 (GD04-183), like in the western part of the Terre Adélie Craton, which was interpreted as a cooling phase after the HT peak metamorphism recorded at ∼1700 Ma by U-Pb dating at regional scale. In contrast, their biotite 40 Ar/ 39 Ar age of Cape Pigeon mylonites gave an intermediate age of ∼1612Ma (GD04-126) lying in between these two age groups, which led Duclaux et al. (2008) to interpret this age as resulting from the incorporation of excess Ar. 6.2.2. Synthesis of the new 40 Ar/ 39 Ar data Given the comprehensive dataset obtained and compiled in this new study, we are now able to give a new interpretation to the above, more preliminary, results. On Fig. 22, we displayed all the obtained 40 Ar/ 39 Ar data in the whole Terre Adélie basement. On this figure, the 40 Ar/ 39 Ar ages are compared to previously obtained U-Pb and 40 Ar/ 39 Ar data. The eastern domain close to the Mertz glacier, corresponding to the Neoarchean granulite facies crust or

  the U-Pb age of grano-diorite protolith at 2448 ± 11 Ma(Duclaux et al., 2018), it is possible that some amphiboles grew in the Neoarchean times, and were partly reequilibrated during the major Proterozoic activity of the Mertz Shear Zone. The major metamorphic recrystallization stage occurred during shear zone activity at 1650-1610 Ma. Sample RPM98-104 and GD06-15 also register earlier rock forming event with a minimum age of ca. 1784 Ma, while samples RPM98-104 & RPM98-105 locally record a younger fluid-rock interaction event at 1574-1537 Ma. Ages obtained by in-situ and step-heating 40 Ar/ 39 Ar techniques by Di Vicenzo et al. (2007) extend this age range down to 1502 ± 9 Ma. Thus, this age range is the most spread out in whole the Neoarchean basement, and suggests that this domain remained in ductile mid-crustal conditions, where amphibole and biotite could recrystallize in relation to ductile deformation along the Mertz Shear Zone during about 280 Ma. This

while

  Duclaux et al. (2008) obtained a biotite age of 1509 ± 3 Ma at Stillwell Island and 1537 ± 3 Ma in the neighbouring Close Island. The full recrystallization of the dykes (e.g., sample RPM98-139) and their similar biotite and amphibole ages as the gneiss host (1554 ± 5 Ma and 1653 ± 12 Ma, respectively) show that despite the cross-cutting relationships of the dykes, they underwent a similar metamorphic imprint. Therefore, this cross-cutting relationship occurred before 1650 Ma, and the dyke underwent a similar metamorphic history in the following period, including preservation of a high-grade thermal event bracketed between 1700 and 1660 Ma in the whole Granulite Neoarchean domain. Accordingly, in Cape Pigeon, high-grade amphibolites locally preserve an amphibole plateau age of 1700 ± 28 Ma, while other amphiboles show some partial reset towards younger ages like in Correll Nunatak. In this zone, Duclaux et al. (2008) obtained a monazite U-Pb age of 1697 ± 44 Ma, which agrees with the amphibole age and suggests an upper amphibolite facies overprint at ca. 1700 Ma. However, some amphiboles exhibit a tendency towards lower ages shown by the 1587 ± 24 Ma age in sample 12GL-16 and 1540 Ma in sample RPM98-153. Further, Duclaux et al. (

  events. It is associated with the development of discrete shear zones: 1574-1537 Ma in Correll Nunatak amphiboles related to fluid-rock interaction and shear zone activity, 1494 ± 21 Ma in Stillwell Island amphiboles, 1541 ± 8 -1537 ± 9 Ma in Cape Pigeon biotites and 40 ≤1566 Ma in amphiboles in relation with shear zone deformation, 1569 ± 3 Ma for amphibole recrystallization in a biotite-shear zone of Port Martin, and ca. 1589 Ma recrystallization of amphiboles in a nearby orthogneiss (section 5). In several areas, these young shear zone/ alteration ages are related to mafic magmatic dyke emplacement: 1554 ± 5 Ma in the Stillwell mafic dyke biotite, ca. 1574 Ma amphibole crystallization in a deformed dyke of Cape Denison, recrystallization between 1597 and 1558 Ma of amphibole in a mafic dyke at Port Martin, and 1526 ± 9 Ma hydrothermal recrystallization of biotite in the same dyke.
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 1 Fig. 1. A, position of Terre Adélie and Georges V Land. B, positions of Neoarchean domains

Fig. 2 .

 2 Fig. 2. Field relationships showing contrasting styles of deformation for the inferred Archean

Fig. 3 .

 3 Fig. 3. Petrographic images of samples investigated by P-T modelling. A, Aurora peak

Fig. 4 .

 4 Fig. 4. Forward phase equilibria modelling results for the Granulite facies Neoarchean

Fig. 5 .

 5 Fig. 5. Field photographs of representative lithologies dated in this study at Correll Nunatak.

Fig. 6 .

 6 Fig. 6. Thin section photographs Correll Nunatak samples. A-B, amphibolite sample RPM98-

Fig. 7 .

 7 Fig. 7. Laser 40 Ar/ 39 Ar ages of Correll Nunatak samples. Spectra with grey shading correspond

Fig. 8 .

 8 Fig. 8. Step-heating 40 Ar/ 39 Ar ages of Correll Nunatak samples.

Fig. 9 .Fig. 10 .

 910 Fig. 9. Field photographs of representative lithologies dated at Stillwell Island. A, Garnet

Fig. 11 .

 11 Fig. 11. Laser 40 Ar/ 39 Ar ages of Stillwell Island samples. Spectra with grey shading correspond

Fig. 12 .

 12 Fig. 12. Oven 40 Ar/ 39 Ar age data of Stillwell Island sample RPM98-129.

Fig. 13 .

 13 Fig. 13. Field photographs of representative lithologies of Cape Pigeon and Cape Gray. A,

Fig. 14 .

 14 Fig. 14. Representative thin section photographs of dated samples Cape Pigeon and Cape

Fig. 15 .

 15 Fig. 15. Laser 40 Ar/ 39 Ar ages of Cape Pigeon and Cape Gray. Spectra with grey shading

Fig. 16 .

 16 Fig. 16. Field photographs of representative lithologies dated in this study in the Neoarchean

Fig. 17 .

 17 Fig. 17. Representative thin section photographs of dated samples from Cape Denison and

Fig. 18 .

 18 Fig. 18. Laser 40 Ar/ 39 Ar spectra of single-mineral experiments conducted on the Amphibolite

Fig. 19

 19 Fig. 19 Oven 40 Ar/ 39 Ar age data of Port Martin sample PMA-14A.

Fig. 20 .

 20 Fig. 20. Density plots of in-situ 40 Ar/ 39 Ar datings undertaken by Di Vicenzo et al. (2007) at

Fig. 21 .

 21 Fig. 21. Density plots of Terre Adélie Craton 40 Ar/ 39 Ar datings, compiled from this study,

Fig. 22 .

 22 Fig. 22. Synthesis of obtained ages on the Terre Adélie basement. White circles

Fig. 23 .

 23 Fig. 23. Synthetic P-T paths obtained in this study (see Fig. 4 for details on pseudosections)

Fig. 25 .

 25 Fig. 25. Reconstruction of Laurentia -Mawson Continent configuration at. 1.59 Ga, modified

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  -ray compositional maps of sample RPM98-144 were acquired using a JEOL JXA-8200 electron probe micro-analyzer (EPMA) at the Institute of Geological Sciences of the University of Bern. All measurements were acquired in wavelength-dispersive mode. The analytical sessions were divided into two steps following the methodology of De Andrade

	electron probe
	micro-analyzer (EPMA) at Clermont-Ferrand University. All measurements were carried out
	in wavelength-dispersive mode with the following setup: 15 KeV accelerating voltage, 12 nA
	specimen current, 20 to 40 s counting time depending on the elements and half-time of

background measurement. Oxide weight percentage compositions were obtained using the CITZAF correction and the following standards: wollastonite (SiO2, CaO), TiO2, Al2O3, Fe2O3, MgO, albite (Na2O) and orthoclase (K2O). Representative garnet compositions used in pseudosections are reported in Suppl. Mat. 1. X

Amphiboles Biotites 1840 Ma Plateau age: 1642 ± 9 Ma Plateau age: 1502 ± 9 Ma n=31 In situ Ar-Ar ages In situ Ar-Ar ages Time (Ma)
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Table 1 . Previous datings and PT estimates of the Terre Adélie Craton.
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Table 2 . Synthesis of Ar-Ar results.
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				Plateau								
	Sample	Coordinates (°S, °E)	Mineral	or Isochemi c Age	± 2σ	Max Age (Ma)	± 2σ	Age Range (Ma)	Total Gas Age (Ma)	± 2σ Comments	Method	Laboratory
				(Ma)								
	Correl Nunatak											
	RPM98 104	S67°34'58";E144°16'31"	amphibole 1 (E5-1)			1605	23 1605-1732	1958 24 Step like gas release	single grain, laser incremental heating	Nice 2017-2018
	Mafic enclave in 103 (in granodiorite orthogneiss)		amphibole 2 (E5-2) amphibole (M2019)	1574 1556	12 13			1570-1800	1619 1543	9 Not a good plateau Good plateau. Very low Ca contain	single grain, laser incremental heating 8.4mg, oven heating	Nice 2017-2019 Milano 2019
			biotite (A9)	1784	9				1771	8 Good plateau.	single grain, laser incremental heating	Nice 2017-2018
	RPM98 105	S67°34'57";E144°16'25"	amphibole (E6-1)	1537	21				1533 21 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	Leucocratic granodiorite orthogneiss (boudin)		amphibole (E6-2) biotite (A10) biotite (M2019)	1623 1599	11 19	1635	10 2900-1635	2214 1612 1585	6 Step like gas release 8 Semi-good plateau. Good plateau.	single grain, laser incremental heating single grain, laser incremental heating 2.4 mg, oven heating	Nice 2017-2018 Nice 2017-2018 Milano 2019
	12GL 13	S67°34'57";E144°16'28"	amphibole (D1)	1612	9	1605	5		1668	9 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	Migmatic amphibole gneisses		amphibole (M2019)	1664	61				1752		Not a good plateau.	5.2 mg, oven heating	Milano 2019
			biotite (A1-2)	1698	9				1698	9 Perfect plateau	single grain, laser incremental heating	Nice 2017-2018
								1685-				single grain, laser incremental heating
			biotite (A1-1)	1660	10			1635, youngest	1640	8 Semi-good plateau	
								1398					Nice 2017-2018
			biotite (M2019)	1553	17				1551		Good plateau.	2.3 mg, oven heating	Milano 2019
	12GL 14	S67°34'58";E144°16'31"	amphibole (D2)	1608	11				1635	9 Semi-good plateau	single grain, laser incremental heating
	Migmatic		amphibole (M2019)	1672	61	1575	19 2126-1536	1713			8.4 mg, oven heating	Milano 2019
	amphibole gneisses		biotite (A2-1)	1638	8				1632	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A2-2)	1650	9				1651	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (M2019)	1590	15			1566-1612	1591		Low Ca/K steps	1.8 mg, oven heating	Milano 2019
	GD 06 13	S67°34'55";E144°16'32"	amphibole (D7-1)			1671	14 2000-1671	2077 15	3 steps Bad gas release steps, only	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite		amphibole (D7-2)			1604	12 1914-1627	1912 11 Minimal age on two steps	single grain, laser incremental heating	Nice 2017-2018
	GD 06 08	S67°34'56";E144°16'31"	amphibole (D6-1)	1634	12	1616	7 1800-1616	1704 10	age Semi-good plateau/max	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite		amphibole (D6-2)	1617	10			1800-1581	1633 10 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	GD 06 15	S67°34'56";E144°16'31"	amphibole (D5-1)						1827 10 Total fusion	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite		amphibole (D5-2)			1776	17 2163-1748	2180 20 Step like gas release	single grain, laser incremental heating	Nice 2017-2018
	Stillwell Island											
	RPM98 129	S66°57'43"; E143°57'02"	amphibole 1 (E7-1)	1494	20				1492 20	at low T Good plateau, gas release	single grain, laser incremental heating	Nice 2017-2018
	Garnet gneiss		amphibole 2 (E7-2)	1616	25				1678 14 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			amphibole (M2019)	1671	43				1735			6.4 mg, oven heating.	Milano 2019
			biotite (A11)	1574	9				1569	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (M2019)	1548	14				1553		Semi-good plateau.	2.4 mg, oven heating.	Milano 2019
	RPM98 139	S66°57'44"; E143°57'08"	amphibole (E8)	1671	11	1653	12 1743-1653	1928	9 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	Late doleritic dike		biotite (A12)	1554	5				1555	4 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	RPM98 144	S66°57'46"; E143°57'07"	amphibole 1 (E9-1)	1551	24	1534	8 1790-1533	1696	8 Step-like gas release	single grain, laser incremental heating	Nice 2017-2018
	Biot-Gt amphibole gneiss		amphibole 2 (E9-2)	1605	10				1623 16 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A13)	1660	4			1742-1657	1662	4 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	RPM98 145	S66°57'56"; E143°57'27"										
	Biot-Gt amphibole		biotite (E10)			1604	11	1659-1603	1774	7	Step like gas release	single grain, laser incremental heating	Nice 2017-2018
	gneiss											
	Cape Gray											
	RPM98 169	S66°50'15"; E143°33'11"										
	granulite gneiss		biotite (A14)	1667	5				1666	5	Good plateau	single grain, laser incremental heating	Nice 2017-2018
	Cape Pigeon											
	12Gl16	S66°58'59";E143°53'55"	amphibole 1 (D3-1)			1587	24 4074-1435	1867	9 Step like gas release	single grain, laser incremental heating	Nice 2017-2018
	Amphibole gneiss		amphibole 2 (D3-2)	1700	28				1713 30 Three steps plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A3-1)	1541	8				1537	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A3-2)	1537	9				1532	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	RPM98-153	S66°59'00";E143°53'43"	amphibole (E11-1)			1590	11 1822-1302	1863	5	pattern Very complex gas release	single grain, laser incremental heating	Nice 2017-2018
	Medium grained massive amphibolite		amphibole (E11-2)			1566	11 1768-1507	1705	5	Similar gas release pattern as previous (E11-1)	single grain, laser incremental heating	Nice 2017-2018
	Cape Denison											
	JJP98 51	S67°00'28";E142°39'17"	amphibole (D8-1)			1637	15 1913-1627	1915 11	pattern Complex gas release	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite (concordant dike in migmatite gneiss)		amphibole (D8-2)			1574	24 1823-767	1600 19	Complex gas release pattern as for D8-1	single grain, laser incremental heating	Nice 2017-2018
	Port Martin											
	12Gl23	S66°49'13";E141°24'09"	amphibole (D4-1)	1642	9			1733-1641	1657 12	step Most of gas release in one	single grain, laser incremental heating	Nice 2017-2018
	Amphibole gneiss		amphibole (D4-2)			1616	12 1737-1610	1734	9 Step like gas release	single grain, laser incremental heating	Nice 2017-2018
			biotite (A4-1)	1682	15			1720-1234	1643	9 No plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A4-2)	1690	14			1713-1504	1648	8 No plateau	single grain, laser incremental heating	Nice 2017-2018
	PMA 07	S66°49'07";E141°23'37"										single grain, laser incremental heating	Nice 2017-2018
	Amphibolite Enclave in MFK		amphibole (D9)			1845 28	2052-1721	1946	7	Step like gas release	single grain, laser incremental heating
	granite												Nice 2017-2018
	PMA 08 MFK Granitoid	S66°49'08";E141°23'39"	biotite (A5)	1710 9				1706	9 Good plateau	single grain, laser incremental heating single grain, laser incremental heating	Nice 2017-2018 Nice 2017-2018
	PMA 14 A	S66°49'09";E141°23'09"	amphibole (E1)	1570	10			1653-1569	1584	9	step. Good plateau. Large central	single grain, laser incremental heating	Nice 2017-2018
	biotite Shear Zone		amphibole (M2019)	1658	10				1637		ratio two steps with max Ca/K	9.4mg, oven heating.	Milano 2019
			biotite (A6-1)	1653	8				1646	8 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A6-2)	1658	7				1643	7 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (M2019)	1639	10				1637		Good plateau, low Ca/K ratio	2 mg, oven heating.	Milano 2019
	PMA 14B1	S66°49'09";E141°23'09"	amphibole (E2-1)	1589	4			1612-1529	1588	4 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	Orthogneiss MFK		amphibole (E2-2)	1584	9			1593-1428	1555	9 Good plateau	single grain, laser incremental heating	Nice 2017-2018
			biotite (A7)	1655	6				1643	5 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	PMA 14c	S66°49'09";E141°23'09"	amphibole (E3-1)	1559	5			1465-1567	1547	5 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite (dyke)		amphibole (E3-2)	1597	13				1628 13	step Most of gas release in one	single grain, laser incremental heating	Nice 2017-2018
			biotite (A8)	1526	8				1525	7 Good plateau	single grain, laser incremental heating	Nice 2017-2018
	Pointe Geologie											
	PMA68	S66°39′47″; E140°00′10″	amphibole (E4-1)	1649	23			2167-1640	1785 23 Semi-good plateau	single grain, laser incremental heating	Nice 2017-2018
	Amphibolite		amphibole (E4-2)			1640	12 2415-1629	1784 11 No plateau	single grain, laser incremental heating	Nice 2017-2018

Ar, with an age of 1667 ± 5 Ma (Fig.15). This age compares within uncertainty to
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(ii) M2 continued in relation with Middle Amphibolite facies shear zone activity (0.6-0.3 GPa -600-700°C) between 1650 and 1600 Ma. This time range corresponds to the major phase of activity of the Mertz Shear Zone.