Trace and rare earth elements distribution and mobility during diagenetic alteration of volcanic ash to bentonite in Eastern Iranian bentonite deposits
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A. Generalized geological map of the Lut structure zone in the eastern Iran. The location of bentonite deposits in Sarayan and Ferdows are shown by open boxes
B. The chemical composition of the studied samples. 



A. Generalized geological map of the Lut structure zone in the Eastern Iran. The location of bentonite deposits in Sarayan and Ferdows are shown by open boxes (Modabberi et al., 2019). 
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B. The chemical composition of the studied samples 
	
	Group 1
	
	
	
	
	Group 2
	
	
	
	
	
	
	
	
	
	
	
	Group 3
	
	
	
	
	Group 4
	

	 
	ST
	ST21
	SK
	SK2
	
	SG-A2
	SG-B
	SG-C
	SG-D
	SG-E
	SG-F
	SG-G3
	SG2
	SG3
	SP
	SP2
	
	FGH
	FGH2
	FKH
	FKH2
	
	FKHS
	FKHS2

	Major oxides /%)
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	 
	 
	 
	
	 
	 

	SiO2
	60.44
	66.43
	68.22
	64.98
	
	63.81
	65.09
	48.14
	62.56
	60.06
	69.44
	70.40
	73.51
	73.38
	70.36
	71.33
	
	65.15
	70.11
	51.26
	54.10
	
	67.30
	72.41

	Al2O3
	10.78
	14.46
	11.27
	17.10
	
	11.76
	12.10
	15.56
	19.38
	20.18
	13.18
	13.86
	13.80
	11.06
	9.75
	11.64
	
	12.48
	12.11
	13.81
	15.80
	
	14.15
	12.79

	Fe2O3
	1.20
	4.88
	1.38
	3.47
	
	3.10
	1.84
	4.09
	1.95
	4.24
	3.25
	2.91
	0.79
	2.12
	1.68
	0.72
	
	2.55
	5.02
	4.77
	9.71
	
	3.22
	1.09

	MgO
	1.82
	0.31
	1.90
	0.36
	
	1.75
	2.08
	2.29
	1.24
	3.84
	2.88
	2.83
	0.12
	0.50
	1.46
	0.31
	
	1.98
	0.76
	3.01
	4.31
	
	3.08
	0.23

	CaO
	0.64
	3.50
	0.37
	2.61
	
	0.92
	2.61
	3.58
	1.30
	0.89
	2.05
	1.77
	1.85
	3.79
	0.48
	1.22
	
	0.60
	2.49
	6.07
	2.24
	
	1.12
	0.88

	Na2O
	4.60
	3.40
	2.36
	3.21
	
	2.90
	1.95
	6.06
	4.36
	4.36
	2.40
	2.33
	3.16
	0.65
	2.86
	5.04
	
	2.71
	0.99
	2.83
	3.79
	
	3.37
	2.19

	K2O
	0.13
	3.11
	0.12
	6.46
	
	0.09
	0.41
	0.33
	5.03
	0.09
	0.14
	0.17
	5.12
	0.75
	0.16
	1.26
	
	0.46
	2.33
	0.92
	1.76
	
	0.71
	7.20

	TiO2
	0.01
	0.79
	0.01
	0.39
	
	0.19
	0.29
	0.34
	0.40
	0.45
	0.24
	0.24
	0.28
	0.21
	0.16
	0.25
	
	0.29
	0.55
	0.86
	1.06
	
	0.48
	0.40

	P2O5
	0.02
	0.15
	0.03
	0.21
	
	0.02
	0.03
	0.04
	0.05
	0.03
	0.02
	0.02
	0.04
	0.06
	0.02
	0.03
	
	0.04
	0.04
	0.26
	0.36
	
	0.11
	0.16

	MnO
	0.02
	0.06
	0.01
	0.02
	
	0.01
	0.03
	0.02
	0.13
	0.01
	0.03
	0.02
	0.01
	0.04
	0.01
	0.02
	
	0.01
	0.05
	0.04
	0.08
	
	0.02
	0.01

	LOI
	18.50
	2.37
	13.50
	1.02
	
	14.60
	13.10
	17.80
	3.34
	6.91
	6.20
	5.74
	1.13
	6.88
	11.80
	7.84
	
	12.80
	5.34
	15.70
	6.46
	
	6.26
	1.85

	Trace elements (ppm)
	 
	 
	 
	 
	 
	 
	 
	
	
	 
	
	 
	 
	  
	
	 
	 
	 
	 
	 
	 

	As
	3.5
	48
	3.9
	29.1
	
	3.9
	7.5
	3.4
	5.8
	1.1
	15.9
	8.1
	4.6
	4.20
	7.4
	4
	
	1.8
	12.7
	3.5
	18.1
	
	2.7
	5.3

	Ba
	388
	378
	258
	495
	
	791
	578
	19.4
	502
	16.9
	417
	13.1
	468
	764
	744
	1600
	
	320
	431
	469
	39.4
	
	490
	463

	Be
	6.4
	2.9
	4.5
	5.7
	
	1.9
	2.8
	2.6
	3.4
	1.4
	1.8
	3.9
	2.2
	2.1
	2.3
	1.5
	
	2.1
	2.2
	1.6
	1.7
	
	1.8
	0.9

	Cd
	0.07
	0.16
	0.05
	0.18
	
	0.05
	0.07
	0.07
	0.06
	0.05
	0.05
	0.05
	0.15
	0.05
	0.3
	0.27
	
	0.06
	0.09
	0.06
	0.14
	
	0.08
	<0.05

	Co
	3.9
	11.3
	0.7
	1.9
	
	3.2
	3.5
	7.2
	16.1
	13.3
	3
	5.3
	0.9
	1.9
	0.4
	1.2
	
	4.8
	8.1
	15.2
	22.9
	
	8.1
	4.3

	Cr
	2
	4
	2
	4
	
	2
	7
	2
	2
	2
	4
	2
	3
	19
	2
	<2
	
	10
	40
	44
	94
	
	10
	15

	Cs
	4.3
	4.5
	4.8
	6.2
	
	5.8
	11.8
	2.7
	2.1
	2.1
	6.1
	5.4
	2.6
	7.7
	3.4
	8.0
	
	7.6
	23.0
	8.3
	2.2
	
	13.7
	1.6

	Cu
	6
	19.7
	5
	11.7
	
	12
	8
	9
	34
	25
	4
	16
	14.9
	51.5
	2
	15.7
	
	5
	16.6
	24
	47.9
	
	9
	73

	Ga
	21.3
	17.2
	19.0
	22.6
	
	14.5
	14.5
	19.6
	23.2
	22.3
	15.0
	16.0
	14.8
	11.80
	13.1
	12.4
	
	16.4
	14.1
	16.5
	15.9
	
	14.4
	11.5

	Ge
	0.85
	1.47
	0.63
	1.14
	
	1.03
	0.87
	1.19
	0.93
	1.30
	1.05
	0.94
	1.25
	1.77
	0.69
	0.70
	
	1.01
	1.60
	1.57
	1.48
	
	1.13
	1.47

	Hf
	3.38
	8.26
	2.93
	10.60
	
	6.53
	4.59
	8.60
	8.53
	9.30
	6.74
	7.49
	8.49
	4.47
	4.97
	5.71
	
	5.51
	3.78
	4.97
	6.09
	
	4.20
	3.78

	Hg
	0.05
	<0.05
	<0.05
	0.31
	
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	<0.05
	0.05
	0.05
	<0.05
	
	0.05
	0.05
	0.06
	<.05
	
	0.05
	0.1

	In
	0.08
	0.05
	0.06
	0.06
	
	0.04
	0.04
	0.06
	0.06
	0.06
	0.04
	0.05
	0.03
	0.04
	0.03
	0.04
	
	0.04
	0.05
	0.05
	0.04
	
	0.04
	0.02

	Li
	<0.5
	29.7
	<0.5
	16.8
	
	<0.5
	<0.5
	<0.5
	<0.5
	<0.5
	<0.5
	<0.5
	33.2
	52.90
	<0.5
	3.5
	
	<0.5
	45.1
	<0.5
	156
	
	<0.5
	19.8

	Mo
	0.5
	1.3
	0.1
	1.2
	
	0.4
	0.3
	0.4
	2.4
	0.4
	0.6
	0.2
	0.8
	0.80
	0.4
	0.5
	
	0.9
	2.6
	1.2
	1.1
	
	0.9
	1.3

	Nb
	17.1
	17.0
	13.5
	35.8
	
	17.6
	18.2
	23.3
	30.0
	29.5
	19.2
	20.5
	19.8
	10.40
	19.4
	16.5
	
	17.3
	11.6
	15.6
	14.1
	
	14.5
	11.3

	Ni
	2
	10
	2
	3
	
	6
	5
	7
	8
	5
	6
	8
	3
	5.00
	2
	4
	
	8
	18
	41
	139
	
	9
	8

	Pb
	40.3
	10.1
	13.7
	63.5
	
	4.4
	11.9
	4.7
	46.9
	12.0
	4.7
	7.7
	53.2
	12.10
	21.4
	11.9
	
	18.7
	21.6
	13.3
	11.7
	
	10.8
	4.1

	Rb
	10
	106
	15
	152
	
	13
	38
	22
	120
	4
	17
	20
	174
	47.80
	27
	116
	
	34
	122
	45
	22
	
	57
	197





	Table A (continued)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	Group 1
	
	
	
	
	Group 2
	
	
	
	
	
	
	
	
	
	
	
	Group 3
	
	
	
	
	Group 4
	

	 
	ST
	ST2
	SK
	SK2
	
	SG-A
	SG-B
	SG-C
	SG-D
	SG-E
	SG-F
	SG-G2
	SG23
	SG3
	SP
	SP2
	
	FGH
	FGH2
	FKH
	FKH2
	
	FKHS
	FKHS2

	Sb
	0.2
	0.5
	0.2
	2.3
	
	0.2
	0.6
	0.2
	0.2
	0.1
	0.3
	0.2
	0.4
	0.7
	0.7
	0.2
	
	0.2
	0.6
	0.4
	< 0.1
	
	0.3
	0.2

	Sc
	4
	10
	3
	10
	
	6
	8
	10
	10
	10
	6
	7
	6
	7
	7
	7
	
	6
	9
	11
	9
	
	7
	2

	Se
	0.17
	0.30
	0.14
	0.40
	
	0.15
	0.19
	0.36
	0.32
	0.16
	0.10
	0.26
	0.15
	0.21
	0.21
	<0.05
	
	0.15
	0.30
	0.13
	0.56
	
	0.19
	0.45

	Sn
	7.7
	2.5
	6.7
	4.4
	
	4.5
	3.4
	4.4
	5.4
	5.0
	4.6
	5.0
	2.6
	3.6
	3.6
	2.7
	
	4.0
	2.1
	2.1
	1.3
	
	2.8
	1.6

	Sr
	44
	426
	57
	223
	
	146
	231
	94
	184
	137
	154
	56
	135
	100
	100
	618
	
	120
	329
	116
	114
	
	181
	610

	Ta
	0.13
	1.22
	0.12
	1.78
	
	0.47
	0.4
	2.26
	0.28
	2.58
	0.16
	0.15
	1.73
	0.26
	0.26
	1.47
	
	0.11
	0.99
	0.13
	1.06
	
	0.1
	0.99

	Te
	<0.2
	<0.2
	<0.2
	<0.2
	
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	
	<0.2
	<0.2
	<0.2
	<0.2
	
	<0.2
	<0.2

	Th
	12.8
	7.29
	9.95
	16.6
	
	22.5
	21
	21.8
	23.2
	26.2
	23.7
	24.6
	16.8
	21.1
	21.1
	18
	
	20.4
	10
	10.8
	3.82
	
	16.2
	12.7

	Tl
	<0.1
	0.5
	0.1
	1.2
	
	<0.1
	<0.1
	0.1
	0.7
	<0.1
	<0.1
	<0.1
	0.8
	<0.1
	<0.1
	0.3
	
	0.1
	0.6
	0.3
	0.3
	
	0.3
	0.6

	U
	1.9
	1.48
	1.3
	2.08
	
	4.0
	6.4
	5.3
	7.9
	10.4
	3.6
	4.7
	3.07
	2.3
	2.3
	3.9
	
	4.7
	1.97
	2.0
	1.0
	
	3.8
	1.58

	V
	2
	91
	72
	85
	
	8
	23
	14
	19
	15
	7
	7
	8
	7
	7
	8
	
	20
	86
	164
	50
	
	43
	22

	Y
	16.1
	23.9
	19.9
	40.2
	
	31.3
	35.4
	53.7
	60.4
	37.8
	35.7
	33.9
	39.7
	26.5
	26.5
	37.4
	
	38.1
	17.2
	20.9
	14.5
	
	23.6
	16.8

	Zn
	80
	78.8
	58
	59.9
	
	76
	54
	102
	67
	147
	83
	111
	52.4
	188
	188
	80
	
	61
	81.2
	68
	76.2
	
	56
	48.9

	Zr
	79
	257
	70
	342
	
	194
	153
	333
	343
	303
	211
	231
	221
	152
	152
	122
	
	185
	107
	206
	183
	
	140
	96

	REEs (ppm)
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 
	 
	 
	 
	
	 
	 

	La
	17.50
	29.00
	15.80
	45.90
	
	39.30
	38.50
	51.20
	52.00
	59.60
	43.90
	44.90
	40.90
	34.80
	34.80
	32.80
	
	43.00
	28.00
	25.00
	22.20
	
	29.60
	24.80

	Ce
	40.00
	56.40
	34.00
	83.10
	
	74.90
	70.30
	90.00
	102.00
	111.00
	83.30
	83.40
	76.60
	67.30
	67.30
	67.50
	
	77.60
	53.60
	48.10
	46.60
	
	54.90
	43.30

	Pr
	4.58
	6.80
	4.19
	9.53
	
	8.75
	8.56
	11.30
	11.80
	13.70
	9.80
	9.99
	9.11
	7.75
	7.75
	7.95
	
	8.68
	6.29
	5.80
	5.66
	
	6.35
	5.04

	Nd
	17.00
	27.30
	16.40
	36.60
	
	32.60
	33.10
	43.50
	46.20
	52.20
	37.00
	38.10
	34.80
	29.40
	29.40
	29.20
	
	32.50
	23.50
	23.40
	23.00
	
	24.60
	19.00

	Sm
	4.23
	5.23
	4.16
	7.37
	
	6.08
	6.23
	8.30
	9.00
	10.10
	6.62
	7.03
	6.38
	5.74
	5.74
	5.58
	
	5.93
	4.28
	4.59
	4.35
	
	4.59
	3.62

	Eu
	0.39
	1.44
	0.37
	1.76
	
	0.72
	0.93
	1.50
	1.62
	1.74
	0.83
	0.86
	1.27
	0.71
	0.71
	1.20
	
	0.77
	0.99
	1.10
	1.17
	
	0.89
	0.88

	Gd
	3.94
	4.83
	4.32
	7.11
	
	5.48
	6.02
	8.18
	9.09
	9.28
	6.33
	6.61
	5.82
	5.29
	5.29
	5.70
	
	5.84
	3.97
	4.36
	3.59
	
	4.25
	3.56

	Tb
	0.63
	0.80
	0.72
	1.26
	
	0.87
	0.99
	1.35
	1.48
	1.44
	1.02
	1.04
	1.03
	0.85
	0.85
	0.94
	
	1.00
	0.57
	0.66
	0.63
	
	0.64
	0.56

	Dy
	3.41
	4.43
	3.87
	7.13
	
	5.10
	5.85
	8.51
	9.17
	7.65
	5.88
	5.86
	5.94
	4.83
	4.83
	5.70
	
	6.05
	3.31
	3.91
	3.25
	
	3.78
	2.98

	Ho
	0.54
	0.93
	0.65
	1.54
	
	1.09
	1.20
	1.87
	1.98
	1.41
	1.23
	1.22
	1.43
	0.98
	0.98
	1.36
	
	1.29
	0.64
	0.79
	0.67
	
	0.79
	0.64

	Er
	1.25
	2.41
	1.54
	4.09
	
	3.22
	3.49
	5.65
	5.69
	3.95
	3.56
	3.46
	4.17
	2.84
	2.84
	3.92
	
	4.14
	1.83
	2.32
	1.67
	
	2.33
	1.72

	Tm
	0.11
	0.41
	0.12
	0.72
	
	0.31
	0.34
	0.57
	0.56
	0.37
	0.35
	0.33
	0.77
	0.28
	0.28
	0.73
	
	0.40
	0.35
	0.22
	0.28
	
	0.21
	0.31

	Yb
	0.89
	2.11
	1.07
	4.12
	
	2.95
	3.24
	5.58
	5.18
	3.39
	3.39
	3.03
	4.31
	2.78
	2.78
	4.15
	
	3.99
	2.01
	1.98
	1.44
	
	2.01
	1.54

	Lu
	0.14
	0.36
	0.40
	0.72
	
	0.45
	0.48
	0.54
	0.56
	0.58
	0.58
	0.39
	0.74
	0.44
	0.44
	0.73
	
	0.21
	0.32
	0.10
	0.26
	
	0.15
	0.38



1 Suffix “2 and 3” shows the parent rock samples.
2 sample SG-G was used in the binary diagrams. 2 Sample SG2 is the parent rocks of the bentonites SG-D, SG-E, SG-F, SG-G. Samples SG-A, SG-B, SG-C (bentonite) and SG3 (volcanic rock) were randomly taken from other horizons of the Chah-Golestan deposit.  
3 Sample SG-G was used in the percentage change calculation. 
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