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Geo-structural map of Valscura (cf. Fig. 1 for location), upgraded after Montani (2004). Projected coordinate system: WGS 84-UTM 32N. Positions of outcrop scale form-surface maps at 1/100 scale are reported (cf. Fig. 3).
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Form-surface maps of selected outcrops in Valscura, mapped at 1/100 scale (locations are in Fig 2). Legend: 1: migmatitic paragneisses; 2: leucosome-rich domains; 3: amphibolite relics; 4: lamprophyres; 5: migmatitic paragneisses whose rock forming minerals are pervasively replaced by epidote and chlorite; 6: trajectory, dip direction and dip of S1 foliation; 7: dip direction and dip of D2 axial plane and S2 foliation; 8: dip direction and dip of lamprophyre dyke walls; 9: trajectory, dip direction, and dip of D4 mylonitic to stylolitic foliation; trend and plunge of stretching lineation on D4 mylonitic foliation. Scale bars, north arrows, and geo-referenced points are assigned to each outcrop (projected coordinate system: WGS 84-UTM 32N).
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Geo-structural map of Val du Haut Boréon (cf. Fig. 1 to localise), upgraded after Blasi (1968). Projected coordinate system: WGS 84-UTM32N. Lacs Bessons stand at 4888500 N, 365647 E. Positions of outcrop scale form-surface maps are reported (cf. Fig. 6).


    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
Rock types and structures of Val du Haut Boréon: a: foliated chilled margin and vesicle-rich layers running parallel to melanocratic appinite dyke walls (coin for scale); b: the 10-metre-thick mafic dyke of Lacs Bessons and its symmetrical structure; c: appinite enclaves mingled in leuco-appinite at core of the main mafic dykes of Lacs Bessons. Appinite and leuco-appinite may be pervasively replaced by granoblastic aggregates of epidote and chlorite, i.e. at the left margin (coin for scale); d: comb layered appinite with phenocrysts of amphibole of centimetre-size. Amphibole phenocrysts are perpendicularly oriented with respect to the dyke walls. The fine-grained matrix is locally replaced by greenish aggregates of epidote and chlorite (coin for scale); e: disrupted fragments of melanocratic spessartite into appinite and leuco-appinite groundmass; leucocratic veins crosscut the edges of the fragments (hammer for scale); f: leucocratic veins within melanocratic spessartite characterised by layers of vesicles; at bottom, the central leucocratic vein is widely replaced by epidote and chlorite (coin for scale); g: mylonitic shear zone of Alpine age crosscutting the dyke of Lacs Bessons. The mafic dyke is affected by a composite foliation where S and C surfaces are mainly supported by biotite and chlorite; S-C structure geometry are consistent with the sense of displacement of the dyke (cf. Fig. 5) (chisel for scale); h: S-C structures suggesting sinistral sense of shear along the wall of a spessartite dyke (pencil for scale).
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Stereographic projections of structural data (equal-area, lower-hemisphere), divided by relative chronology of deformative and intrusive events. Legend: D1+2: circles = poles of S1+2 (111 data from Valscura, 89 data from Val du Haut Boréon); open squares = mineral lineations on S1+2 (4 data from Val du Haut Boréon); open circles = poles of axial planes of D2 folds (12 data from Valscura, 4 data from Val du Haut Boréon); open triangles = axes of D2 folds (9 data from Valscura, 2 data from Val du Haut Boréon). D3: circles = poles of S3 (17 data from Valscura); open circles = poles of axial planes of D3 folds (10 data from Valscura, 7 data from Val du Haut Boréon); open triangles = axes of D3 folds (8 data from Valscura, 15 data from Val du Haut Boréon). Lamprophyres: circles = poles of dyke walls (195 data from Valscura, 116 data from Val du Haut Boréon); grey circles = poles of leucocratic veins (11 data from Val du Haut Boréon); open squares = amphibole-supported lineations in comb layers (15 data from Val du Haut Boréon). D4: circles = poles of mylonitic foliations (76 data from Valscura, 56 data from Val du Haut Boréon); open squares = stretching lineations on D4 shear zones (6 data from Valscura, 4 data from Val du Haut Boréon); open diamonds = poles of D4 stylolitic and mylonitic foliations along lamprophyre dyke walls (15 data from Valscura; 19 data from Val du Haut Boréon).


    

  
    Table 1 

Major (wt.%) and trace (ppm) element concentrations of lamprophyres from Valscura and Val du Haut Boréon. Abbreviations: sp: spessartite; mel sp: melanocratic spessartite; c-l ap: comb layered appinite; ap: appinite; leuco ap: leuco-appinite.



	 
	Val du Haut Boréon
        
	Valscura
 



	
	

	




	 
	sp

LMA6
	sp

LMC22
	mel sp

B168A
	mel sp

B168B
	mel sp

LMC13
	c-l ap

LMC8
	ap

LMC9
	ap

LMC25
	leuco ap

B169
	sp

LMD2
	ap

LMB26





	SiO2
	54.56
	53.28
	58.36
	53.28
	53.16
	55.98
	60.21
	53.05
	56.17
	50.96
	54.24



	TiO2
	1.58
	1.38
	0.83
	1.37
	1.13
	0.93
	0.73
	1.19
	0.80
	1.18
	1.12



	Al2O3
	15.28
	16.31
	17.53
	15.93
	14.73
	20.10
	17.65
	14.41
	21.08
	13.22
	15.97



	FeOt
	8.08
	7.91
	5.33
	7.16
	7.99
	5.52
	5.38
	8.06
	5.11
	9.65
	7.06



	MgO
	4.83
	6.83
	2.92
	6.35
	5.93
	2.61
	4.15
	5.78
	2.11
	8.31
	6.15



	CaO
	4.28
	3.98
	5.42
	7.11
	7.12
	4.95
	4.94
	7.25
	5.12
	8.41
	7.59



	Na2O
	4.13
	2.75
	3.97
	4.15
	3.98
	4.31
	2.89
	4.08
	4.13
	1.98
	3.08



	K2O
	1.82
	2.23
	2.22
	2.26
	1.61
	1.75
	2.19
	1.72
	2.05
	1.26
	2.11



	P2O5
	0.72
	0.38
	0.32
	0.57
	0.67
	0.43
	0.21
	0.95
	0.44
	0.96
	0.74



	MnO
	0.15
	0.12
	0.10
	0.11
	0.10
	0.13
	0.08
	0.13
	0.11
	0.15
	0.11



	LOI
	2.85
	3.10
	1.42
	1.10
	1.88
	1.75
	1.45
	1.63
	1.52
	2.21
	1.47



	Total
	98.28
	98.27
	98.42
	99.39
	98.30
	98.46
	99.88
	98.25
	98.64
	98.29
	99.64



	Mg#
	0.37
	0.46
	0.35
	0.47
	0.43
	0.32
	0.44
	0.42
	0.29
	0.46
	0.47



	Rb
	100.2
	71.8
	76.9
	75.5
	65.5
	84.4
	81.4
	58.4
	85.7
	54.3
	75.2



	Ba
	258
	398.5
	1183
	1078
	875.8
	1769
	1027
	835.3
	1889
	628
	1075



	Sr
	269
	373
	772
	528
	479
	1017
	436
	457
	1048
	320
	494



	Pb
	21.6
	22.8
	26.9
	25.2
	24.2
	35.0
	8.0
	23.6
	35.3
	13.8
	26.1



	Th
	6.6
	5.5
	5.4
	6.2
	6.6
	5.3
	4.2
	4.3
	5.2
	4.5
	5.6



	Zr
	274
	182
	193
	234
	230
	357
	254
	227
	381
	117
	238



	Ta
	6.8
	3.3
	3.6
	4.3
	4.1
	4.4
	5.2
	3.9
	3.9
	3.7
	5.9



	Y
	43
	31
	20
	34
	38
	17
	15
	38
	15
	47
	32



	Nb
	16
	10
	12
	10
	12
	10
	10
	13
	10
	14
	10



	Cr
	17
	20
	15
	191
	94
	17
	290
	92
	17
	66
	185



	Ni
	33
	83
	7
	64
	27
	6
	26
	28
	6
	14
	70



	Co
	12.8
	17.3
	12.5
	26.1
	26.2
	6.0
	16.5
	26.5
	5.7
	35.2
	26.8



	V
	144
	332
	111
	212
	213
	70
	113
	214
	68
	373
	213



	Ga
	18.7
	22.2
	21.1
	22.2
	21.3
	24.0
	20.1
	21.5
	24.3
	21.4
	22.1



	Cu
	8.7
	11.3
	5.7
	17.9
	35.9
	8.3
	20.2
	38.5
	8.6
	20.5
	19.2







  
    
      Fig. 10 
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Igneous mineral assemblages and microstructures characterising the lamprophyres of Valscura and Val du Haut Boréon: a: euhedral to subhedral crystals of brown AmpI1 and PlI1 partially including ApI1 and MgtI1 in appinite, Val du Haut Boréon. AmpI1 displays oscillatory compositional zoning; b: aggregates of sub-millimetre sized igneous clinopyroxene in spessartite, Val du Haut Boréon; c: vesicles filled by PlI1 and AmpI1 in melanocratic spessartite, Val du Haut Boréon. Phenocrysts of AmpI1 are tangentially oriented around the vescicle; d: chilled margin marking the intrusive contact between a spessartite dyke and the host migmatite in Val du Haut Boréon. Micro-phenocrysts of AmpI1 are within the chilled margin domain; aggregates of EpM1 (see next paragraph) developed in both the rock types close to the intrusive contact; e: zoned crystal of brown AmpI1 rimmed by dark-green AmpI2 in appinite, Valscura; f: leucocratic vein where a phenocryst of AmpI1 is firstly overgrown by dark-green AmpI2 and then by colourless ActM1 (see next paragraph), Val du Haut Boréon. All pictures are taken by plane polarised light.


    

  
    
      Fig. 11 
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Metamorphic mineral assemblages and microstructures characterising the lamprophyres of Valscura and Val du Haut Boréon: a: granoblastic aggregates of EpM1 + ChlM1 pervasively overgrew igneous crystals in melanocratic spessartite, Val du Haut Boréon; b: mineralised tensional vein filled by elongated crystals of AbM2, ActM2, and KfsM2 in spessartite, Valscura. ActM2 grew in continuity with truncated phenocrysts of AmpI1 already replaced by M1 mineral assemblages; c: stylolitic foliation, supported by fine-grained crystals of TtnM2, which define the contact between a phenocryst of AmpI1 partially replaced by M1 mineral assemblages (at top) and an aggregate of EpM1 (at bottom) in spessartite, Valscura. Stylolitic foliation is cinematically compatible with the opening of mineralised tensional veins in Figure 11c; d: spessartite containing a porphyroclast of AmpI1 largely pseudomorphosed by M1 mineral assemblages and wrapped by D4 foliation, Valscura; pressure shadow domains are filled by BtM2, ChlM2 and minor ActM2 at the edges of the AmpI1 porphyroclast; e: aggregates of EpM1 and small phenocrysts of AmpI1 wrapped by D4 foliation in a heterogeneously deformed spessartite dyke, Val du Haut Boréon. Trails of TtnM2 and laminae of BtM2 and ChlM2 are the mineralogical support of D4 S-C surfaces; f: Micro-boudins of AmpI1 in a foliated spessartite dyke, Val du Haut Boréon. Boudin necks are filled by ActM2 and ChlM2; the foliation is mostly defined by trails of fine-grained TtnM2, and minor BtM2 and ChlM2. All pictures are taken by plane polarised light.
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