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        Geological map of the Liptako area in Niger (Machens, 1973). The different trends are color coded and refer to different swarms. The dated N010° Libiri swarm at 1791 Ma (Baratoux et al., 2019) belong to Samira-Libiri sector.

      

    

  
    
      Fig. 3 
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        Field and petrographic photos of the NNW-NNE Libiri swarm: (a and b) outcrop mode of doleritic dykes from this swarm and (c, d, e and f) microphotographs showing typical textures and representative minerals in both petrographic types. Pl: plagioclase, Opx: orthopyroxene, Cpx: clinopyroxene, Amph: amphibole, Chl: chlorite, Ap: apatite, Ox: Fe-Ti oxides, Ep: epidote.

      

    

  
    
      Table 1 

      Characteristics of sampled dykes of the NNW-NNE Libiri swarm.

      
        


	Groups of the NNW-NNE Libiri swarm
	Symbol dykes
	Dyke orientations
	Dyke thicknesses





	Group I
	SD : Samira dyke
	N010°
	60 m



	
	SLB : Samira Libdorado
	N000°
	45 m



	
	TOD1 : Tondia Dyke 1
	N170°
	50 m



	
	TOD2 : Tondia Dyke 2
	N000°
	60 m



	
	TD1 : Tillabéri Dyke 1
	N015°
	7 m



	
	TDR : Touré Dyke
	N000°
	30 m



	Group II
	TD2 : Tillabéri Dyke 2
	N015°
	5 m



	
	TD3 : Tillabéri Dyke 3
	N010°
	10 m



	
	TD4 : Tillabéri Dyke 4
	N000°
	15 m





      

    

  
    
      Table 2 

      Selected points are representative electron microprobe analysis results of feldspars.

      
        


	Sample
	TD2
	TD1
	TD1
	TD2
	SD
	SD
	SLB
	SD



	




	Minerals
	Albite
	Oligoclase
	Andesine
	Labradorite
	Labradorite
	Bytownite
	Sanidine
	Anorthoclase





	SiO2
	64.300
	60.250
	56.040
	53.940
	51.820
	49.030
	72.130
	70.960



	TiO2
	0.000
	0.010
	0.000
	0.090
	0.020
	0.000
	0.050
	0.030



	Cr2O3
	0.000
	0.010
	0.000
	0.010
	0.000
	0.000
	0.000
	0.000



	Al2O3
	22.000
	24.410
	26.120
	28.140
	28.570
	30.730
	14.440
	15.700



	Fe2O3
	0.000
	0.000
	0.000
	0.142
	1.300
	0.733
	0.000
	0.000



	FeO
	0.660
	0.410
	0.750
	0.742
	0.000
	0.000
	0.070
	0.110



	MnO
	0.020
	0.040
	0.000
	0.000
	0.000
	0.070
	0.000
	0.000



	NiO
	0.010
	0.000
	0.010
	0.020
	0.030
	0.050
	0.000
	0.010



	MgO
	0.210
	0.010
	0.040
	0.110
	0.170
	0.340
	0.000
	0.010



	CaO
	1.660
	6.380
	9.360
	11.630
	13.030
	15.340
	0.130
	0.150



	Na2O
	8.850
	7.400
	5.700
	4.740
	3.980
	2.840
	1.220
	2.780



	K2O
	1.850
	0.390
	0.380
	0.150
	0.330
	0.280
	11.330
	11.230



	Total
	99.560
	99.310
	98.400
	99.714
	99.250
	99.413
	99.370
	100.98



	Numbers of ions based on 8 oxygens



	Si
	2.860
	2.711
	2.569
	2.453
	2.380
	2.255
	3.396
	3.206



	Ti
	0.000
	0.000
	0.000
	0.003
	0.001
	0.000
	0.002
	0.001



	Cr
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000



	Al
	1.153
	1.295
	1.411
	1.509
	1.547
	1.666
	0.801
	0.889



	Fe3+
	0.000
	0.000
	0.000
	0.005
	0.045
	0.025
	0.000
	0.000



	Fe2+
	0.025
	0.015
	0.029
	0.028
	0.000
	0.000
	0.003
	0.004



	Mn
	0.001
	0.002
	0.000
	0.000
	0.000
	0.003
	0.000
	0.000



	Ni
	0.000
	0.000
	0.000
	0.001
	0.001
	0.002
	0.000
	0.000



	Mg
	0.014
	0.001
	0.003
	0.007
	0.012
	0.023
	0.000
	0.001



	Ca
	0.079
	0.308
	0.460
	0.567
	0.641
	0.756
	0.007
	0.007



	Na
	0.763
	0.646
	0.506
	0.418
	0.354
	0.253
	0.111
	0.244



	K
	0.105
	0.022
	0.022
	0.009
	0.019
	0.016
	0.680
	0.647



	Total
	5.000
	5.000
	5.000
	5.000
	5.000
	5.000
	5.000
	5.000



	Ca [An]
	0.084
	0.315
	0.465
	0.570
	0.632
	0.737
	0.008
	0.008



	Na [Ab]
	0.806
	0.662
	0.512
	0.421
	0.349
	0.247
	0.139
	0.271



	K [Or]
	0.111
	0.023
	0.022
	0.009
	0.019
	0.016
	0.852
	0.721





      

    

  
    
      Fig. 5 
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        Compositional diagrams of (a) feldspar, (b) pyroxene (Morimoto et al., 1988), (c) amphibole (Leake et al., 1997) and (d) biotite (Speer, 1984 and Deer et al., 1986) of boths groups. Ab: albite, Ol: oligoclase, And: andesine, La: labradorite, By: bytownite, An: anorthite. Symbols with blue circles belonging to Group I and green triangles belonging to Group II.

      

    

  
    
      Table 4 

      Selected points are representative electron microprobe analysis results of pyroxene.

      
        


	Samples
	SD
	SD
	SD
	TD1
	TD1
	SLB
	TD2



	




	Mineral
	Augite
	Pigeonite
	Hypersthene
	Augite
	Diopside
	Pigeonite
	Augite





	SiO2
	52.43
	51.98
	53.88
	51.3
	49.93
	52.92
	51.22



	Na2O
	0.18
	0.06
	0.03
	0.29
	0.57
	0.11
	0.30



	MgO
	17.00
	20.42
	28.12
	15.65
	9.07
	20.49
	14.98



	Al2O3
	1.74
	1.49
	2.72
	2.56
	1.40
	1.48
	2.10



	K2O
	0.00
	0.02
	0.00
	0.01
	0.00
	0.00
	0.00



	CaO
	16.51
	6.85
	2.16
	18.67
	21.37
	7.58
	17.79



	TiO2
	0.30
	0.32
	0.15
	0.70
	0.20
	0.28
	0.72



	Cr2O3
	0.17
	0.20
	0.46
	0.11
	0.02
	0.11
	0.02



	MnO
	0.25
	0.30
	0.16
	0.24
	0.71
	0.39
	0.32



	FeO
	10.87
	17.67
	11.36
	9.5
	15.45
	16.18
	11.25



	NiO
	0.03
	0.03
	0.10
	0.05
	0.00
	0.04
	0.04



	Total
	99.48
	99.34
	99.14
	99.08
	98.85
	99.58
	98.74



	Numbers of ions based on 6 oxygens



	AlIV
	0.04
	0.053
	0.067
	0.078
	0.044
	0.036
	0.063



	Si
	1.94
	1.946
	1.932
	1.922
	1.956
	1.963
	1.937



	Na
	0.01
	0.004
	0.002
	0.021
	0.043
	0.007
	0.022



	Mg
	0.94
	1.140
	1.503
	0.874
	0.53
	1.133
	0.844



	AlVI
	0.028
	0.012
	0.047
	0.035
	0.021
	0.028
	0.030



	K
	0.00
	0.00
	0.000
	0.000
	0.000
	0.000
	0.00



	Ca
	0.65
	0.274
	0.083
	0.75
	0.897
	0.301
	0.720



	Ti
	0.008
	0.009
	0.004
	0.02
	0.006
	0.007
	0.020



	Cr
	0.005
	0.005
	0.013
	0.003
	0.001
	0.003
	0.000



	Mn2+
	0.007
	0.009
	0.004
	0.008
	0.024
	0.012
	0.010



	Fe2+
	0.338
	0.5534
	0.3407
	0.298
	0.506
	0.502
	0.355



	Total
	4.004
	4.009
	3.998
	4.009
	4.027
	3.997
	4.0052



	AlIV/AlVI
	1.652
	4.341
	1.441
	2.228
	2.095
	1.257
	2.058



	Wo (Ca)
	0.338
	0.139
	0.043
	0.3886
	0.4585
	0.1546
	0.3732



	En (Mg)
	0.4842
	0.5764
	0.7782
	0.4532
	0.2707
	0.5815
	0.4373



	Fs (Fe)
	0.1777
	0.2846
	0.1789
	0.1583
	0.2708
	0.2639
	0.1895





      

    

  
    
      Table 5 

      Selected points are representative electron microprobe analysis results of biotite. Numbers of ions is based on 22 oxygens.

      
        


	Samples
	SLB
	SD
	TD2



	




	Mineral
	Biotite
	Biotite
	Biotite





	Na2O
	0.00
	0.24
	0.08



	MgO
	4.86
	10.15
	8.47



	Al2O3
	12.26
	11.95
	11.63



	SiO2
	35.94
	36.49
	37.28



	Cl-
	0.01
	0.21
	0.29



	K2O
	6.43
	8.01
	7.86



	CaO
	0.00
	0.10
	0.14



	TiO2
	0.05
	4.44
	3.50



	Cr2O3
	0.01
	0.03
	0.01



	MnO
	0.19
	0.08
	0.11



	FeO
	33.53
	22.8
	24.2



	NiO
	0.00
	0.07
	0.01



	Total
	93.28
	94.73
	93.58



	AlIV
	2.063
	2.203
	2.083



	Si
	5.936
	5.707
	5.917



	AlVI
	0.323
	0.00
	0.093



	Mg
	1.196
	2.367
	2.004



	Ti
	0.006
	0.522
	0.418



	V3+
	0.00
	0.00
	0.00



	Cr
	0.001
	0.004
	0.001



	Mn2+
	0.027
	0.011
	0.015



	Fe2+
	4.632
	2.982
	3.212



	Ni
	0.00
	0.009
	0.001



	Na
	0.00
	0.073
	0.025



	K
	1.355
	1.598
	1.592



	Cl-
	0.004
	0.004
	0.007



	OH
	3.997
	3.944
	3.922



	Total
	19.541
	19.424
	19.29



	XFe
	0.748
	0.506
	0.559





      

    

  
    
      Table 6 

      Whole-rock major (wt%) and trace elements (ppm) compositions of Group I dykes. LOI = Loss On Ignition, N = primitive mantle, n = chondrite.

      
        


	Samples
	SD1
	SLB1
	TDR1
	SD1a
	SLB1a
	TDR1a
	TOD1
	TOD2
	TD1





	Lat. N
	13.407
	13.339
	13.567
	13.407
	13.339
	13.567
	14.389
	14.451
	14.264



	Long. E
	1.254
	1.255
	1.462
	1.254
	1.255
	1.462
	1.211
	1.187
	1.411



	Major elements (wt%)



	SiO2
	52.7
	51.3
	53.2
	52.8
	53.7
	53.3
	53.9
	54.2
	53.9



	Al2O3
	14.4
	14.05
	13.90
	14.2
	13.50
	13.65
	14.00
	13.75
	13.50



	Fe2O3
	11.7
	11.15
	11.2
	11.9
	11.30
	11.50
	11.25
	11.55
	11.35



	CaO
	9.42
	8.85
	9.02
	9.1
	8.91
	8.97
	8.77
	8.93
	8.73



	MgO
	8.46
	8.15
	7.44
	8.54
	8.40
	7.53
	7.44
	7.69
	7.41



	Na2O
	1.88
	1.84
	1.93
	1.89
	1.88
	1.93
	2.13
	2.12
	2.11



	K2O
	0.77
	0.94
	0.79
	0.82
	0.78
	0.80
	0.91
	0.88
	0.86



	Cr2O3
	0.07
	0.06
	0.05
	0.07
	0.07
	0.05
	0.05
	0.050
	0.048



	TiO2
	0.74
	0.77
	0.85
	0.81
	0.81
	0.89
	0.85
	0.89
	0.89



	MnO
	0.17
	0.16
	0.15
	0.18
	0.16
	0.15
	0.16
	0.16
	0.15



	P2O5
	0.11
	0.11
	0.12
	0.12
	0.10
	0.11
	0.11
	0.11
	0.11



	SrO
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02



	BaO
	0.03
	0.05
	0.08
	0.03
	0.03
	0.08
	0.04
	0.03
	0.03



	LOI
	0.75
	0.86
	0.68
	0.89
	0.60
	0.67
	1.33
	1.06
	1.15



	Total
	101.22
	98.31
	99.43
	101.37
	100.26
	99.65
	100.96
	101.44
	100.26



	Mg#
	61.91
	62.17
	59.89
	61.74
	62.56
	59.55
	59.79
	59.95
	59.48



	DI
	16.26
	17.98
	33.55
	17.08
	18.68
	19.37
	35.50
	19.77
	20.19



	Trace elements (ppm)



	Ba
	264
	474
	751
	281
	246
	713
	327
	290
	272



	Ce
	24.2
	27.2
	31.8
	26.8
	27.1
	30.5
	30.0
	30.8
	32.2



	Cr
	505
	457
	362
	523
	469
	354
	344
	366
	354



	Cs
	0.83
	0.77
	0.81
	1.09
	1.00
	0.78
	0.69
	0.67
	0.63



	Dy
	2.88
	3.85
	3.60
	3.53
	2.88
	4.57
	3.16
	3.30
	3.48



	Er
	1.76
	2.31
	2.18
	1.64
	1.79
	2.59
	1.83
	1.89
	1.88



	Eu
	0.84
	1.17
	1.20
	0.88
	0.97
	1.28
	1.00
	1.06
	1.03



	Ga
	17.4
	17.4
	16.0
	16.9
	14.4
	16.1
	16.3
	16.5
	16.0



	Gd
	2.96
	4.32
	4.38
	3.17
	3.17
	5.22
	3.37
	3.55
	3.65



	Hf
	2.48
	2.65
	2.71
	2.88
	2.45
	2.62
	2.81
	2.89
	2.87



	Ho
	0.72
	0.84
	0.83
	0.75
	0.66
	0.99
	0.68
	0.70
	0.72



	La
	11.7
	13.9
	15.5
	13.4
	12.3
	16.2
	13.8
	13.9
	14.6



	Lu
	0.23
	0.28
	0.28
	0.22
	0.22
	0.34
	0.28
	0.25
	0.27



	Nb
	3.77
	3.82
	6.00
	4.53
	3.87
	4.71
	4.37
	4.52
	4.83



	Nd
	14
	16.5
	17.6
	15.3
	14.1
	18.9
	15.4
	15.8
	16.4



	Pr
	2.94
	3.61
	4.11
	3.68
	3.44
	4.53
	3.77
	3.84
	4.08



	Rb
	22.9
	29.5
	24.7
	26.6
	24.3
	25.5
	30.1
	28.7
	29.8



	Sm
	3.37
	3.39
	4.27
	3.43
	3.28
	4.73
	3.45
	3.60
	3.62



	Sn
	0.9
	2.7
	0.6
	1.4
	0.6
	0.5
	0.6
	0.7
	0.7



	Sr
	195
	210
	225
	198
	193.0
	210
	234
	231
	216



	Ta
	0.2
	0.2
	0.2
	0.2
	0.1
	0.2
	0.2
	0.2
	0.2



	Tb
	0.51
	0.64
	0.62
	0.59
	0.49
	0.78
	0.52
	0.55
	0.59



	Th
	1.76
	1.84
	2.12
	2.05
	1.78
	2.02
	2.03
	2.23
	2.32



	Tm
	0.27
	0.3
	0.32
	0.26
	0.26
	0.38
	0.26
	0.29
	0.29



	U
	2.16
	2.87
	0.42
	2.96
	0.41
	0.42
	0.49
	0.53
	0.55



	V
	248
	239
	223
	221
	218
	229
	219
	231
	228



	W
	0.5
	<0.5
	0.6
	<0.5
	0.5
	0.5
	<0.5
	0.6
	1.0



	Y
	16.5
	22.5
	25.6
	19.3
	17.3
	31.5
	17.9
	18.6
	19.1



	Yb
	1.65
	1.98
	1.93
	1.69
	1.71
	2.26
	1.69
	1.75
	1.81



	Zr
	88
	95
	101
	102
	97
	106
	104
	107
	116



	ThN/ NbN
	3.91
	4.03
	2.96
	3.79
	3.85
	3.59
	3.9
	4.13
	4.03



	ThN/ LaN
	1.21
	1.07
	1.11
	1.23
	1.16
	1.00
	1.19
	1.29
	1.28



	Lan/ Ybn
	4.78
	4.73
	5.41
	5.35
	4.85
	4.83
	5.51
	5.36
	5.44



	Cen/ Ybn
	3.79
	3.55
	4.26
	4.1
	4.1
	3.49
	4.59
	4.55
	4.6



	TaN/LaN
	0.29
	0.24
	0.32
	0.25
	0.14
	0.21
	0.33
	0.24
	0.23



	HfN/SmN
	1.06
	1.12
	1.17
	1.21
	1.07
	0.8
	1
	1.15
	1.14



	Eu/Eu*
	0.81
	0.93
	0.85
	0.82
	0.92
	0.79
	0.9
	0.91
	0.87





      

      

DI: Q+Fk+Ab+Ne+Leu is calculated from CIPW normative percentage, after Thornton et al. (1960) (Q = quartz, Fk = orthoclase, Ab = albite, Ne = nepheline, Leu = leucite), Eu/Eu* = Eun/((Gdn + Smn) /2) : standard formula for calculated Eu anomalies.





    

  
    
      Table 7 

      Whole-rock major (wt%) and trace elements (ppm) compositions of Group II dykes. LOI = Loss On Ignition, N = primitive mantle, n = chondrite.

      
        


	Samples
	TD3a
	TD4a
	TD2a
	TD2
	TD3
	TD4





	Lat. N
	14.288
	14.273
	14.271
	14.271
	14.288
	14.273



	Long. E
	1.411
	1.408
	1.406
	1.406
	1.411
	1.408



	Major elements (wt%)



	SiO2
	55.9
	54.7
	56.6
	56.6
	54.8
	56.5



	Al2O3
	12.85
	13.05
	13.2
	13.1
	12.75
	12.35



	Fe2O3
	13.7
	15.35
	14.05
	13.85
	13.8
	13.60



	CaO
	6.49
	6.03
	6.34
	6.5
	6.81
	6.23



	MgO
	3.03
	3.47
	3.13
	2.95
	3.2
	2.90



	Na2O
	2.57
	3.59
	2.84
	2.81
	2.69
	2.81



	K2O
	1.68
	0.93
	1.52
	1.62
	1.62
	1.58



	Cr2O3
	0.009
	0.007
	0.009
	0.005
	0.008
	0.004



	TiO2
	1.36
	1.42
	1.39
	1.34
	1.34
	1.38



	MnO
	0.17
	0.19
	0.18
	0.18
	0.18
	0.17



	P2O5
	0.21
	0.21
	0.23
	0.22
	0.2
	0.23



	SrO
	0.03
	0.02
	0.03
	0.03
	0.03
	0.03



	BaO
	0.06
	0.05
	0.07
	0.05
	0.04
	0.05



	LOI
	1.99
	2.22
	2.34
	1.75
	1.88
	1.78



	Total
	100.05
	101.24
	101.93
	101.01
	99.35
	99.61



	Mg#
	33.20
	33.69
	33.37
	32.38
	34.26
	32.40



	DI
	36.15
	22.81
	48.96
	49.28
	46.53
	50.00



	Trace elements (ppm)



	Ba
	569
	423
	616
	439
	411
	442



	Ce
	49.1
	41.4
	46.1
	45.2
	43.4
	48.2



	Cr
	66
	51
	63
	41
	60
	34



	Cs
	0.95
	0.4
	0.86
	1.2
	1.42
	1.25



	Dy
	5.44
	5.08
	5.09
	5.1
	5.01
	5.10



	Er
	2.96
	2.84
	2.91
	2.8
	2.89
	2.79



	Eu
	1.54
	1.52
	1.66
	1.49
	1.49
	1.49



	Ga
	23.1
	22.1
	23.4
	23.1
	22.9
	21.0



	Gd
	6.21
	5.48
	5.73
	5.49
	5.31
	5.62



	Hf
	4.67
	4.1
	4.48
	4.35
	4.11
	4.35



	Ho
	1.18
	1.06
	1.08
	1.09
	1.08
	1.11



	La
	21.9
	20
	22.2
	21.3
	20.3
	21.7



	Lu
	0.35
	0.33
	0.41
	0.36
	0.38
	0.36



	Nb
	7.58
	6.37
	7.19
	7.06
	6.7
	6.75



	Nd
	27.3
	22.9
	24.7
	24.7
	23.3
	25.2



	Pr
	6.38
	5.35
	5.89
	5.61
	5.3
	5.95



	Rb
	52.9
	22.2
	41.7
	48
	49.6
	52.5



	Sm
	5.91
	5.77
	6.31
	5.48
	5.63
	5.67



	Sn
	10.4
	1.7
	7.4
	2.5
	13
	1.3



	Sr
	309
	208
	269
	246
	282
	265



	Ta
	0.5
	0.4
	0.5
	0.5
	0.5
	0.4



	Tb
	0.97
	0.86
	0.88
	0.84
	0.87
	0.88



	Th
	3.78
	3.25
	3.77
	3.76
	3.48
	3.65



	Tm
	0.44
	0.39
	0.41
	0.44
	0.41
	0.39



	U
	3.34
	2.08
	1.96
	2.11
	1.5
	1.25



	V
	341
	394
	352
	339
	362
	312



	W
	0.9
	0.7
	1
	1
	0.9
	0.9



	Y
	28.9
	28.5
	28.7
	27.3
	26.4
	28.8



	Yb
	2.87
	2.4
	2.41
	2.58
	2.47
	2.52



	Zr
	175
	152
	167
	163
	158
	165



	ThN/ NbN
	4.18
	4.28
	4.39
	4.46
	4.35
	4.53



	ThN/ LaN
	1.39
	1.31
	1.37
	1.42
	1.38
	1.35



	Lan/ Ybn
	5.14
	5.62
	6.21
	5.57
	5.54
	5.81



	Cen/ Ybn
	2.33
	4.46
	2.21
	2.44
	2.27
	2.41



	TaN/LaN
	0.38
	0.34
	0.38
	0.39
	0.41
	0.31



	HfN/SmN
	1.14
	1.02
	1.02
	1.14
	1.05
	1.1



	Eu/Eu*
	0.78
	0.83
	0.84
	0.83
	0.83
	0.81





      

      

DI: Q+Fk+Ab+Ne+Leu is calculated from CIPW normative percentage, after Thornton et al. (1960) (Q = quartz, Fk = orthoclase, Ab = albite, Ne = nepheline, Leu = leucite), Eu/Eu* = Eun/((Gdn + Smn) /2): standard formula for calculated Eu anomalies.





    

  
    
      Fig. 7 
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        (a) Extended primitive mantle normalized trace-element plot and (b) chondrite normalized REE plot for both groups. Primitive mantle normalizing values are from Sun and McDonough (1989) and chondrite normalizing values are from Boynton (1984). Blue and green symbols correspond to groups I and II, respectively.

      

    

  
    
      Fig. 10 
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        (a) TaN/LaN vs. HfN/SmN (La Fleche et al., 1998), (b) Nb/U vs. (Th/Nb)N (Panda et al., 2023) diagrams showing the source of contamination. A, B, C: mantle sources metasomatized by subduction-related processes. D, E: mantle sources with carbonatite metasomatism. N = primitive mantle. Blue and green symbols correspond to groups I and II, respectively.

      

    

  
    
      Fig. 11 
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        Diagram Th/Yb vs. Ta/Yb (Pearce, 1982) showing the geodynamic setting of the NNW-NNE Libiri swarm. Th = Tholeiitic, CA = Calc-alkaline, SHO = Shoshonitic, MORB= Mid- Ocean ridge basalts. Blue and green symbols correspond to groups I and II, respectively.
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