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Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Durango F-apatite standard from Cerro de Mercado mine; mean “absolute” age = 30 ± 0.6 (1σ) Ma, D = 0%, P(χ2) = 100%, calculated 
using  RadialPlotter 8.3 (Vermeesch, 2009)
	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	F-DUR1-1
	12.19
	0.08
	0.57
	45930
	86
	3
	187241
	6532
	30.0
	2.1

	F-DUR1-2
	11.94
	0.09
	0.57
	45930
	86
	3
	187241
	6532
	30.6
	2.1

	F-DUR1-3
	12.02
	0.11
	0.59
	45930
	86
	3
	187241
	6532
	30.4
	2.2

	F-DUR1-4
	11.71
	0.08
	0.55
	45930
	86
	3
	187241
	6532
	31.2
	2.2

	F-DUR2-1
	14.72
	0.10
	0.69
	48920
	110
	5
	224857
	10221
	29.8
	2.2

	F-DUR2-2
	14.65
	0.12
	0.71
	48920
	110
	5
	224857
	10221
	29.9
	2.3

	F-DUR2-3
	14.78
	0.13
	0.72
	48920
	110
	5
	224857
	10221
	29.7
	2.3

	F-DUR2-4
	14.81
	0.12
	0.71
	48920
	110
	5
	224857
	10221
	29.6
	2.3

	F-DUR4-1
	11.61
	0.10
	0.56
	45860
	81
	3
	176625
	6542
	29.7
	2.1

	F-DUR4-2
	11.61
	0.11
	0.57
	45860
	81
	3
	176625
	6542
	29.7
	2.1

	F-DUR4-3
	11.61
	0.11
	0.57
	45860
	81
	3
	176625
	6542
	29.7
	2.1

	F-DUR4-4
	11.68
	0.09
	0.56
	45860
	81
	3
	176625
	6542
	29.5
	2.1


Durango F-apatite standard from Cerro de Mercado mine (2nd session); “absolute” age = 29.4 ± 0.7 (1σ) Ma, D = 0%, P(χ2) = 98%, calculated 
using RadialPlotter 8.3 (Vermeesch, 2009)
	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	CM-1
	12.37
	0.10
	0.59
	23030
	42
	2
	182371
	8684
	28.8
	2.2

	CM-2
	11.95
	0.08
	0.56
	26900
	51
	3
	189591
	11152
	30.9
	2.6

	CM-3
	12.20
	0.08
	0.57
	25240
	48
	2
	190174
	7924
	30.4
	2.2

	CM-4
	12.16
	0.09
	0.58
	21930
	42
	2
	191518
	9120
	30.7
	2.4

	CM-5
	12.24
	0.08
	0.57
	28100
	54
	3
	192171
	10676
	30.6
	2.5

	CM-6
	12.17
	0.09
	0.58
	17440
	30
	2
	172018
	11468
	27.6
	2.5

	CM-7
	12.10
	0.09
	0.57
	24820
	44
	2
	177276
	8058
	28.6
	2.2

	CM-8
	12.46
	0.12
	0.62
	26860
	51
	3
	189873
	11169
	29.7
	2.5

	CM-9
	12.92
	0.10
	0.62
	26970
	51
	3
	189099
	11123
	28.6
	2.4

	CM-10
	12.82
	0.09
	0.60
	24050
	44
	2
	182952
	8316
	27.8
	2.1


Note: 238U is the uranium-238 concentration in ppm obtained by LA–ICP-MS technique; ± 238U tot represents the total uncertainty for 238U content, including the analytical error of LA–ICP-MS measurement (± 1σLA) and an error generated by the common CaO variation (55 ± 2% for F-apatites and 53 ± 2% for Cl-rich to Cl-end-member apatites) in apatites of different origin; A is the spontaneous track counting area in µm2; NS is the number of spontaneous fission tracks registered in the area A; ρS is the spontaneous fission track density (i.e., number of tracks expressed for 1 cm2). AFT age corresponds to apatite fission-track age in Ma with its absolute ± 1σ error.
AFT ages from unknown samples are given as “relative” ages.
Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Sample P-1 (16°48′52″N; 93°49′24″W; 630 m.a.s.l.), strongly deformed granodiorite

	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	grain 1 (single-spot)
	48.16
	0.97
	2.90
	5000
	35
	2
	700000
	40000
	29.7
	2.6

	grain 2 (single-spot)
	38.31
	0.49
	2.02
	5000
	25
	2
	500000
	40000
	26.7
	2.7

	grain 3 (single-spot)
	11.06
	0.17
	0.61
	4800
	12
	1
	250000
	20833
	46.1
	4.8

	grain 4 (single-spot)
	17.26
	0.27
	0.96
	5000
	15
	1
	300000
	20000
	35.5
	3.3

	grain 5 (single-spot)
	16.08
	0.29
	0.93
	4800
	15
	1
	312500
	20833
	39.7
	3.7

	grain 6 (single-spot)
	9.43
	0.15
	0.53
	5000
	10
	1
	200000
	20000
	43.3
	5.1

	grain 7 (single-spot)
	14.20
	0.17
	0.74
	4030
	11
	1
	272953
	24814
	39.2
	4.3

	grain 8 (single-spot)
	12.42
	0.54
	1.04
	4610
	16
	1
	347072
	21692
	57.0
	6.2

	grain 9 (single-spot)
	16.10
	0.23
	0.87
	4250
	13
	1
	305882
	23529
	38.8
	3.8

	grain 10 (single-spot)
	38.02
	2.00
	3.52
	4600
	20
	2
	434783
	43478
	23.4
	3.2

	grain 11 (single-spot)
	27.30
	2.20
	3.29
	5000
	20
	2
	400000
	40000
	29.9
	4.7

	grain 12 (single-spot)
	8.99
	0.13
	0.49
	4350
	7
	1
	160920
	22989
	36.5
	5.6

	grain 13 (single-spot)
	12.37
	0.18
	0.67
	4500
	10
	1
	222222
	22222
	36.7
	4.3

	grain 14 (single-spot)
	17.14
	0.59
	1.28
	4240
	11
	1
	259434
	23585
	30.9
	3.7

	grain 15 (single-spot)
	40.42
	0.48
	2.10
	4100
	31
	2
	756098
	48780
	38.2
	3.4

	grain 16 (single-spot)
	16.64
	0.81
	1.48
	4930
	20
	2
	405680
	40568
	49.7
	6.7

	grain 17 (single-spot)
	19.37
	0.42
	1.19
	4020
	18
	2
	447761
	49751
	47.2
	6.1

	grain 18 (single-spot)
	13.47
	0.25
	0.79
	5000
	12
	1
	240000
	20000
	36.4
	3.9

	grain 19 (single-spot)
	23.06
	0.45
	1.37
	4460
	13
	1
	291480
	22422
	25.8
	2.6

	grain 20 (single-spot)
	10.63
	0.15
	0.58
	4780
	11
	1
	230126
	20921
	44.2
	4.8

	grain 21 (single-spot)
	14.72
	0.23
	0.82
	4490
	9
	1
	200445
	22272
	27.8
	3.5

	grain 22 (single-spot)
	15.77
	0.93
	1.56
	4620
	16
	1
	346320
	21645
	44.8
	5.4

	grain 23 (single-spot)
	10.04
	0.17
	0.57
	5000
	10
	1
	200000
	20000
	40.7
	4.8

	grain 24 (single-spot)
	9.17
	0.16
	0.53
	5000
	11
	1
	220000
	20000
	48.9
	5.4

	grain 25 (single-spot)
	12.10
	0.36
	0.84
	4850
	13
	1
	268041
	20619
	45.2
	4.9


Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Sample P-2 (16°34′11″N; 93°38′31″W; 570 m.a.s.l.), granite

	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	grain 1 (4 spots)
	11.17
	0.19
	0.64
	16510
	38
	2
	230164
	12114
	42.1
	3.5

	grain 2 (4 spots)
	13.06
	0.29
	0.81
	15000
	43
	2
	286667
	13333
	44.8
	3.8


	grain 3 (4 spots)
	11.69
	0.17
	0.64
	16820
	43
	2
	255648
	11891
	44.6
	3.5

	grain 4 (4 spots)
	8.66
	0.13
	0.48
	12750
	24
	2
	188235
	15686
	44.4
	4.6

	grain 5 (4 spots)
	7.62
	0.11
	0.41
	18650
	35
	2
	187668
	10724
	50.2
	4.3

	grain 6 (4 spots)
	9.97
	0.23
	0.63
	15600
	36
	2
	230769
	12821
	47.2
	4.2

	grain 7 (4 spots)
	10.35
	0.19
	0.60
	16130
	42
	2
	260384
	12399
	51.3
	4.2

	grain 8 (4 spots)
	10.68
	0.18
	0.61
	14980
	39
	2
	260347
	13351
	49.7
	4.1

	grain 9 (4 spots)
	6.29
	0.21
	0.46
	16220
	23
	2
	141800
	12330
	46.0
	5.4

	grain 10 (4 spots)
	8.46
	0.15
	0.49
	13040
	31
	2
	237730
	15337
	57.3
	5.3

	grain 11 (4 spots)
	5.93
	0.12
	0.36
	15590
	22
	2
	141116
	12829
	48.5
	5.5


Sample P-3 (16°28′47″ N; 93°42′08″ W; 580 m.a.s.l.), orthogneiss
	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	grain 1 (4 spots)
	10.46
	0.16
	0.58
	17590
	29
	2
	164866
	11370
	32.2
	3.0

	grain 2 (4 spots)
	8.50
	0.14
	0.48
	17350
	18
	2
	103746
	11527
	24.9
	3.2

	grain 3 (4 spots)
	14.15
	0.41
	0.98
	17000
	32
	2
	188235
	11765
	27.2
	2.7

	grain 4 (4 spots)
	12.06
	0.28
	0.76
	15820
	26
	2
	164349
	12642
	27.8
	2.9

	grain 5 (4 spots)
	8.03
	0.12
	0.44
	16820
	22
	2
	130797
	11891
	33.3
	3.7

	grain 6 (4 spots)
	8.46
	0.12
	0.46
	16560
	20
	2
	120773
	12077
	29.2
	3.4

	grain 7 (4 spots)
	7.73
	0.12
	0.43
	15000
	18
	2
	120000
	13333
	31.7
	4.0

	grain 8 (4 spots)
	7.90
	0.13
	0.45
	14500
	16
	1
	110345
	6897
	28.5
	2.6

	grain 9 (4 spots)
	7.61
	0.12
	0.42
	16210
	28
	2
	172733
	12338
	46.3
	4.4

	grain 10 (4 spots)
	10.78
	0.18
	0.61
	15000
	18
	2
	120000
	13333
	22.8
	2.9

	grain 11 (4 spots)
	8.69
	0.13
	0.48
	16480
	20
	2
	121359
	12136
	28.5
	3.3


Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Sample P-4 (16°22′22″N; 93°51′31″W; 690 m.a.s.l.), orthogneiss
	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	grain 1 (single-spot)
	19.77
	0.37
	1.16
	4750
	8
	1
	168421
	21053
	17.4
	2.4

	grain 2 (single-spot)
	17.70
	0.45
	1.16
	4550
	7
	1
	153846
	21978
	17.8
	2.8

	grain 3 (single-spot)
	21.14
	1.50
	2.35
	4330
	8
	1
	184758
	23095
	17.9
	3.0

	grain 4 (single-spot)
	53.77
	0.55
	2.70
	4310
	17
	2
	394432
	46404
	15.0
	2.0

	grain 5 (single-spot)
	51.49
	0.69
	2.75
	4900
	23
	2
	469388
	40816
	18.6
	2.0

	grain 6 (single-spot)
	75.31
	0.56
	3.57
	4200
	25
	2
	595238
	47619
	16.2
	1.6

	grain 7 (single-spot)
	67.39
	0.64
	3.34
	5000
	28
	2
	560000
	40000
	17.0
	1.6

	grain 8 (single-spot)
	24.23
	0.53
	1.50
	4900
	10
	1
	204082
	20408
	17.2
	2.1

	grain 9 (single-spot)
	47.63
	0.89
	2.80
	4820
	21
	2
	435685
	41494
	18.7
	2.2
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LA–ICP-MS-based apatite fission-track results
Sample J-1 (16°45′21″N; 93°49′05″W; 630 m.a.s.l.), andesite

	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)

	grain 1 (single-spot)
	3.37
	0.08
	0.21
	4500
	15
	1
	333333
	22222
	199.4
	19.3

	grain 2 (single-spot)
	3.43
	0.08
	0.22
	4470
	13
	1
	290828
	22371
	171.3
	17.7

	grain 3 (single-spot)
	5.68
	0.08
	0.31
	4900
	31
	2
	632653
	40816
	224.1
	20.0

	grain 4 (single-spot)
	5.29
	0.09
	0.30
	4930
	23
	2
	466531
	40568
	178.1
	19.1

	grain 5 (single-spot)
	7.81
	0.17
	0.48
	4280
	31
	2
	724299
	46729
	187.1
	17.6

	grain 6 (single-spot)
	4.29
	0.12
	0.29
	4690
	19
	2
	405117
	42644
	190.5
	24.2

	grain 7 (single-spot)
	6.99
	0.25
	0.53
	4080
	29
	2
	710784
	49020
	204.9
	21.7

	grain 8 (single-spot)
	4.03
	0.09
	0.25
	4500
	20
	2
	444444
	44444
	221.9
	26.6

	grain 9 (single-spot)
	2.82
	0.09
	0.20
	4620
	13
	1
	281385
	21645
	201.1
	21.8

	grain 10 (single-spot)
	7.08
	0.22
	0.50
	4060
	26
	2
	640394
	49261
	182.6
	19.7

	grain 11 (single-spot)
	2.89
	0.07
	0.19
	5000
	15
	1
	300000
	20000
	209.1
	20.3

	grain 12 (single-spot)
	8.62
	0.18
	0.52
	4000
	36
	2
	900000
	50000
	210.3
	18.5

	grain 13 (single-spot)
	5.95
	0.10
	0.34
	4900
	26
	2
	530612
	40816
	180.1
	18.0

	grain 14 (single-spot)
	3.13
	0.07
	0.20
	4870
	14
	1
	287474
	20534
	185.4
	18.4

	grain 15 (single-spot)
	4.15
	0.11
	0.28
	4100
	16
	1
	390244
	24390
	189.7
	18.2

	grain 16 (single-spot)
	2.82
	0.07
	0.18
	4650
	13
	1
	279570
	21505
	199.9
	20.8

	grain 17 (single-spot)
	5.46
	0.10
	0.32
	4500
	23
	2
	511111
	44444
	188.9
	20.4

	grain 18 (single-spot)
	6.35
	0.11
	0.36
	5000
	27
	2
	540000
	40000
	171.8
	16.8

	grain 19 (single-spot)
	3.73
	0.09
	0.24
	4910
	16
	1
	325866
	20367
	176.4
	16.6

	grain 20 (single-spot)
	4.70
	0.26
	0.45
	5000
	25
	2
	500000
	40000
	214.2
	27.0

	grain 21 (single-spot)
	5.28
	0.22
	0.43
	4550
	22
	2
	483516
	43956
	184.8
	22.9


Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Detrital sample SR-1 (Berriasian–Aptian sandy member of the San Ricardo Formation, sandstone); 16°41′45″ N; 93°32′33″ W; 650 m.a.s.l.
	apatite
	238U (ppm)
	± 1σLA (ppm)
	± 238U tot
	A (µm2)
	NS
	± NS
	ρS
	± ρS
	AFT age (Ma)
	± 1σ (Ma)
	*D-par µm

	grain 1 (single-spot)
	30.31
	0.26
	1.47
	4150
	127
	6
	3060241
	144578
	203.5
	15.3
	1.54

	grain 2 (single-spot)
	22.68
	0.46
	1.37
	4530
	86
	4
	1898455
	88300
	169.1
	13.9
	1.63

	grain 3 (2 spots)
	38.01
	0.52
	2.04
	8140
	291
	14
	3574939
	171990
	189.7
	15.0
	1.69

	grain 4 (single-spot)
	24.76
	0.31
	1.30
	4170
	123
	6
	2949640
	143885
	239.4
	18.8
	1.72

	grain 5 (2 spots)
	21.05
	0.27
	1.11
	8760
	156
	8
	1780822
	91324
	170.9
	13.7
	1.65

	grain 6 (single-spot)
	19.92
	0.36
	1.16
	4050
	61
	3
	1506173
	74074
	153.0
	12.6
	1.83

	grain 7 (single-spot)
	20.65
	0.34
	1.17
	4730
	83
	4
	1754757
	84567
	171.7
	13.9
	1.58

	grain 8 (3 spots)
	10.25
	0.24
	0.65
	13060
	128
	6
	980092
	45942
	192.9
	16.3
	1.76

	grain 9 (single-spot)
	34.71
	0.37
	1.76
	4280
	140
	6
	3271028
	140187
	190.1
	14.1
	1.55

	grain 10 (single-spot)
	45.83
	1.20
	3.03
	4000
	148
	7
	3700000
	175000
	163.2
	14.2
	1.57

	grain 11 (single-spot)
	12.67
	0.27
	0.78
	4700
	53
	3
	1127660
	63830
	179.7
	16.0
	1.49

	grain 12 (3 spots)
	21.60
	0.38
	1.24
	13340
	264
	13
	1979010
	97451
	184.9
	15.2
	1.62

	grain 13 (2 spots)
	13.54
	0.25
	0.79
	8490
	125
	6
	1472320
	70671
	218.9
	17.9
	1.56

	grain 14 (2 spots)
	19.76
	0.33
	1.12
	8330
	136
	7
	1632653
	84034
	167.0
	13.8
	1.47

	grain 15 (2 spots)
	20.63
	0.60
	1.43
	9290
	172
	9
	1851453
	96878
	181.2
	16.6
	1.93

	grain 16 (single-spot)
	11.64
	0.17
	0.64
	4860
	46
	2
	946502
	41152
	164.4
	12.7
	1.50

	grain 17 (single-spot)
	12.38
	0.20
	0.70
	4000
	41
	2
	1025000
	50000
	167.3
	13.5
	1.68


*D-par is calculated from 10 to 20 etch pits measured in each apatite crystal using reflected light (e.g., see in Donelick et al., 2005).
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LA–ICP-MS-based apatite fission-track results
SR-1 (additional apatite fission-track ages)
	apatite
	238U (ppm)
	1SE (ppm)
	plms238U tot
	Area (um2)
	Ns
	plm Ns
	Ps
	plms Ps
	AFT age (Ma)
	1SE (Ma)
	Cl (wt.%)

	SR1adic-1
	43.44
	0.45
	2.19
	5790
	177
	8
	3056995
	138169
	145.0
	10.8
	0.554

	SR1adic-2
	20.49
	0.16
	0.98
	4000
	92
	5
	2300000
	125000
	229.8
	18.0
	0.599

	SR1adic-3
	68.00
	1.1
	3.82
	4230
	198
	10
	4680851
	236407
	141.9
	11.5
	0.623

	SR1adic-4
	18.30
	0.28
	1.01
	4000
	70
	3
	1750000
	75000
	196.4
	15.0
	0.641

	SR1adic-5
	51.86
	0.84
	2.91
	4030
	171
	8
	4243176
	198511
	168.3
	13.3
	0.553

	SR1adic-6
	45.36
	0.43
	2.24
	4000
	165
	8
	4125000
	200000
	186.8
	14.2
	0.764

	SR1adic-7
	25.46
	0.28
	1.30
	4170
	107
	6
	2565947
	143885
	206.7
	16.8
	0.903

	SR1adic-8
	24.66
	0.16
	1.15
	5630
	140
	7
	2486679
	124334
	206.9
	15.5
	0.925

	SR1adic-9
	27.99
	0.25
	1.37
	4200
	111
	5
	2642857
	119048
	193.9
	14.2
	0.748

	SR1adic-10
	25.74
	0.86
	1.89
	4010
	80
	4
	1995012
	99751
	159.6
	14.8
	0.768

	SR1adic-11
	11.54
	0.11
	0.57
	4000
	55
	3
	1375000
	75000
	243.8
	19.4
	0.792

	SR1adic-12
	28.79
	1.1
	2.25
	4530
	92
	5
	2030905
	110375
	145.4
	14.3
	0.746

	SR1adic-13
	11.86
	0.41
	0.88
	4100
	40
	2
	975610
	48780
	169.2
	15.9
	0.671

	SR1adic-14
	14.67
	0.23
	0.82
	4030
	45
	2
	1116625
	49628
	156.7
	12.2
	0.826

	SR1adic-15
	28.57
	0.23
	1.37
	4020
	135
	7
	3358209
	174129
	240.5
	18.5
	0.724

	SR1adic-16
	24.70
	0.18
	1.17
	5300
	118
	6
	2226415
	113208
	185.2
	14.1
	0.742

	SR1adic-17
	38.12
	1.2
	2.72
	4400
	135
	7
	3068182
	159091
	165.6
	15.3
	0.885

	SR1adic-18
	16.62
	0.13
	0.79
	4570
	90
	4
	1969365
	87527
	242.4
	17.5
	0.845


Supplementary Appendix A1
LA–ICP-MS-based apatite fission-track results
Detrital sample SR-2 (Berriasian–Aptian sandy member of the San Ricardo Formation, sandstone); 16°39′47″ N; 93°31′27″ W; 870 m.a.s.l.
	apatite
	238U (ppm)
	1SE (ppm)
	plms238U tot
	Area (um2)
	Ns
	plm Ns
	Ps
	plms Ps
	AFT age (Ma)
	1SE (Ma)
	D-par*

	grain 1 (single-spot)
	24.98
	0.35
	1.35
	4810
	108
	5
	2245322
	103950
	181.5
	14.2
	1.51

	grain 2 (2 spots)
	10.62
	0.61
	1.03
	8890
	87
	4
	978628
	44994
	186.0
	20.6
	1.56

	grain 3 (single-spot)
	20.09
	0.47
	1.27
	4920
	109
	5
	2215447
	101626
	221.9
	18.7
	1.65

	grain 4 (single-spot)
	12.12
	0.23
	0.71
	5000
	54
	3
	1080000
	60000
	179.9
	15.6
	1.44

	grain 5 (single-spot)
	19.92
	0.60
	1.40
	4530
	78
	4
	1721854
	88300
	174.6
	16.0
	1.79

	grain 6 (single-spot)
	18.71
	0.50
	1.25
	4050
	56
	3
	1382716
	74074
	149.6
	13.6
	1.66

	grain 7 (2 spots)
	40.52
	0.88
	2.50
	8200
	311
	14
	3792683
	170732
	188.9
	15.6
	1.58

	grain 8 (single-spot)
	7.11
	0.18
	0.46
	4440
	24
	2
	540541
	45045
	153.8
	16.8
	1.31

	grain 9 (2 spots)
	11.27
	0.30
	0.75
	8030
	108
	5
	1344956
	62267
	239.8
	20.8
	1.69

	grain 10 (single-spot)
	10.73
	0.15
	0.58
	5000
	65
	3
	1300000
	60000
	243.4
	18.9
	1.61

	grain 11 (2 spots)
	2.55
	0.17
	0.27
	9530
	29
	2
	304302
	20986
	239.8
	30.8
	1.47

	grain 12 (2 spots)
	37.90
	1.35
	2.87
	8730
	274
	13
	3138603
	148912
	167.4
	15.7
	1.94

	grain 13 (2 spots)
	11.72
	0.39
	0.86
	8040
	112
	5
	1393035
	62189
	238.9
	21.7
	1.85

	grain 14 (single-spot)
	22.13
	0.61
	1.50
	4170
	70
	3
	1678657
	71942
	153.5
	13.2
	1.81

	grain 15 (2 spots)
	23.53
	0.36
	1.30
	8890
	164
	7
	1844769
	78740
	158.6
	12.2
	1.53

	grain 16 (3 spots)
	13.42
	0.22
	0.76
	12580
	161
	7
	1279809
	55644
	192.4
	15.0
	1.39

	grain 17 (single-spot)
	23.29
	0.31
	1.24
	4400
	83
	4
	1886364
	90909
	163.7
	12.9
	1.67

	grain 18 (single-spot)
	35.57
	0.59
	2.01
	5000
	135
	7
	2700000
	140000
	153.6
	12.8
	1.38

	grain 19 (single-spot)
	40.09
	0.76
	2.36
	4300
	127
	6
	2953488
	139535
	149.1
	12.2
	1.57

	grain 20 (2 spots)
	33.87
	0.87
	2.22
	8860
	235
	11
	2652370
	124153
	158.4
	13.7
	1.42

	grain 21 (single-spot)
	13.39
	0.30
	0.84
	4920
	83
	4
	1686992
	81301
	252.9
	21.4
	1.60

	grain 22 (2 spots)
	23.10
	0.54
	1.46
	8500
	189
	8
	2223529
	94118
	194.1
	16.0
	1.48

	grain 23 (single-spot)
	14.32
	0.37
	0.94
	4850
	71
	3
	1463918
	61856
	206.0
	17.3
	1.54

	grain 24 (single-spot)
	14.00
	0.31
	0.87
	4900
	68
	3
	1387755
	61224
	199.8
	16.5
	1.33

	grain 25 (3 spots)
	16.71
	0.54
	1.21
	12710
	220
	10
	1730921
	78678
	208.7
	18.9
	1.90


*D-par is calculated from 10 to 20 etch pits measured in each apatite crystal using reflected light (e.g., see in Donelick et al., 2005).
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LA–ICP-MS-based apatite fission-track results
SR-2 (additional apatite fission-track ages)
	apatite
	238U (ppm)
	1SE (ppm)
	plms238U tot
	Area (um2)
	Ns
	plm Ns
	Ps
	plms Ps
	AFT age (Ma)
	1SE (Ma)
	Cl (wt.%)

	sr2adic-1
	23.21
	0.2
	1.13
	4210
	85
	4
	2019002
	95012
	178.8
	13.3
	0.952

	sr2adic-2
	25.27
	0.36
	1.37
	4180
	119
	6
	2846890
	143541
	230.7
	18.4
	0.751

	sr2adic-3
	12.92
	0.1
	0.62
	4000
	60
	3
	1500000
	75000
	237.7
	18.0
	1.243

	sr2adic-4
	27.75
	0.21
	1.32
	4000
	131
	6
	3275000
	150000
	241.5
	17.6
	0.709

	sr2adic-5
	20.32
	0.48
	1.29
	5230
	118
	6
	2256214
	114723
	227.4
	19.6
	0.604

	sr2adic-6
	31.57
	0.24
	1.50
	4020
	122
	6
	3034826
	149254
	197.3
	14.8
	0.795

	sr2adic-7
	18.93
	0.13
	0.89
	4850
	94
	5
	1938144
	103093
	210.0
	16.2
	0.835

	sr2adic-8
	32.99
	0.28
	1.60
	4000
	112
	6
	2800000
	150000
	174.5
	13.7
	0.789

	sr2adic-9
	30.71
	0.28
	1.51
	5100
	110
	5
	2156863
	98039
	144.8
	10.7
	0.711

	sr2adic-10
	16.37
	0.63
	1.28
	4630
	78
	4
	1684665
	86393
	211.0
	20.5
	0.818

	sr2adic-11
	34.59
	0.36
	1.74
	4000
	100
	5
	2500000
	125000
	148.9
	11.5
	0.763

	sr2adic-12
	34.69
	0.22
	1.61
	4170
	147
	7
	3525180
	167866
	208.4
	15.3
	0.839

	sr2adic-13
	17.13
	0.13
	0.82
	5600
	68
	3
	1214286
	53571
	146.1
	10.6
	0.573

	sr2adic-14
	18.15
	0.24
	0.97
	5270
	75
	4
	1423150
	75901
	161.4
	13.1
	0.892


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	MAD 1-st mine
	1
	0.185
	0.010
	
	
	MAD 1-st mine
	26
	0.196
	0.009

	MAD 1-st mine
	2
	0.202
	0.011
	
	
	MAD 1-st mine
	27
	0.193
	0.008

	MAD 1-st mine
	3
	0.198
	0.010
	
	
	MAD 1-st mine
	28
	0.191
	0.006

	MAD 1-st mine
	4
	0.182
	0.010
	
	
	MAD 1-st mine
	29
	0.185
	0.007

	MAD 1-st mine
	5
	0.205
	0.011
	
	
	MAD 1-st mine
	30
	0.193
	0.008

	MAD 1-st mine
	6
	0.195
	0.009
	
	
	MAD 1-st mine
	31
	0.194
	0.007

	MAD 1-st mine
	7
	0.182
	0.011
	
	
	MAD 1-st mine
	32
	0.196
	0.008

	MAD 1-st mine
	8
	0.197
	0.008
	
	
	MAD 1-st mine
	33
	0.183
	0.007

	MAD 1-st mine
	9
	0.188
	0.007
	
	
	MAD 1-st mine
	34
	0.189
	0.009

	MAD 1-st mine
	10
	0.185
	0.008
	
	
	MAD 1-st mine
	35
	0.189
	0.014

	MAD 1-st mine
	11
	0.191
	0.007
	
	
	MAD 1-st mine
	36
	0.186
	0.010

	MAD 1-st mine
	12
	0.199
	0.006
	
	
	MAD 1-st mine
	37
	0.193
	0.011

	MAD 1-st mine
	13
	0.196
	0.009
	
	
	MAD 1-st mine
	38
	0.204
	0.010

	MAD 1-st mine
	14
	0.199
	0.007
	
	
	MAD 1-st mine
	39
	0.194
	0.010

	MAD 1-st mine
	15
	0.191
	0.006
	
	
	MAD 1-st mine
	40
	0.184
	0.010

	MAD 1-st mine
	16
	0.197
	0.007
	
	
	MAD 1-st mine
	41
	0.198
	0.011

	MAD 1-st mine
	17
	0.192
	0.008
	
	
	MAD 1-st mine
	42
	0.197
	0.011

	MAD 1-st mine
	18
	0.194
	0.008
	
	
	MAD 1-st mine
	43
	0.197
	0.012

	MAD 1-st mine
	19
	0.200
	0.008
	
	
	MAD 1-st mine
	44
	0.201
	0.011

	MAD 1-st mine
	20
	0.198
	0.008
	
	
	MAD 1-st mine
	45
	0.205
	0.009

	MAD 1-st mine
	21
	0.202
	0.007
	
	
	MAD 1-st mine
	46
	0.198
	0.008

	MAD 1-st mine
	22
	0.192
	0.007
	
	
	MAD 1-st mine
	47
	0.199
	0.011

	MAD 1-st mine
	23
	0.188
	0.006
	
	
	MAD 1-st mine
	48
	0.206
	0.009

	MAD 1-st mine
	24
	0.184
	0.007
	
	
	MAD 1-st mine
	49
	0.199
	0.010

	MAD 1-st mine
	25
	0.198
	0.007
	
	
	MAD 1-st mine
	50
	0.195
	0.011


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	MAD 1-st mine
	51
	0.208
	0.011
	
	
	MAD 1-st mine
	76
	0.183
	0.009

	MAD 1-st mine
	52
	0.198
	0.010
	
	
	MAD 1-st mine
	77
	0.185
	0.014

	MAD 1-st mine
	53
	0.201
	0.010
	
	
	MAD 1-st mine
	78
	0.199
	0.011

	MAD 1-st mine
	54
	0.208
	0.012
	
	
	MAD 1-st mine
	79
	0.198
	0.012

	MAD 1-st mine
	55
	0.187
	0.011
	
	
	MAD 1-st mine
	80
	0.226
	0.012

	MAD 1-st mine
	56
	0.199
	0.010
	
	
	MAD 1-st mine
	81
	0.209
	0.011

	MAD 1-st mine
	57
	0.201
	0.012
	
	
	MAD 1-st mine
	82
	0.218
	0.013

	MAD 1-st mine
	58
	0.208
	0.010
	
	
	MAD 1-st mine
	83
	0.204
	0.009

	MAD 1-st mine
	59
	0.193
	0.011
	
	
	MAD 1-st mine
	84
	0.203
	0.011

	MAD 1-st mine
	60
	0.200
	0.011
	
	
	MAD 1-st mine
	85
	0.199
	0.012

	MAD 1-st mine
	61
	0.213
	0.012
	
	
	MAD 1-st mine
	86
	0.198
	0.010

	MAD 1-st mine
	62
	0.187
	0.010
	
	
	MAD 1-st mine
	87
	0.200
	0.011

	MAD 1-st mine
	63
	0.195
	0.011
	
	
	MAD 1-st mine
	88
	0.214
	0.011

	MAD 1-st mine
	64
	0.220
	0.013
	
	
	MAD 1-st mine
	89
	0.186
	0.010

	MAD 1-st mine
	65
	0.209
	0.012
	
	
	MAD 1-st mine
	90
	0.189
	0.010

	MAD 1-st mine
	66
	0.204
	0.011
	
	
	MAD 1-st mine
	91
	0.196
	0.011

	MAD 1-st mine
	67
	0.221
	0.010
	
	
	MAD 1-st mine
	92
	0.205
	0.014

	MAD 1-st mine
	68
	0.208
	0.013
	
	
	MAD 1-st mine
	93
	0.207
	0.016

	MAD 1-st mine
	69
	0.218
	0.011
	
	
	MAD 1-st mine
	94
	0.188
	0.015

	MAD 1-st mine
	70
	0.227
	0.010
	
	
	MAD 1-st mine
	95
	0.203
	0.012

	MAD 1-st mine
	71
	0.208
	0.011
	
	
	MAD 1-st mine
	96
	0.187
	0.012

	MAD 1-st mine
	72
	0.214
	0.011
	
	
	MAD 1-st mine
	97
	0.196
	0.014

	MAD 1-st mine
	73
	0.212
	0.014
	
	
	MAD 1-st mine
	98
	0.200
	0.013

	MAD 1-st mine
	74
	0.209
	0.012
	
	
	MAD 1-st mine
	99
	0.186
	0.013

	MAD 1-st mine
	75
	0.211
	0.012
	
	
	MAD 1-st mine
	100
	0.194
	0.016


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	MAD 1-st mine
	101
	0.184
	0.011
	
	
	MAD 1-st mine
	131
	0.185
	0.013

	MAD 1-st mine
	102
	0.200
	0.014
	
	
	MAD 1-st mine
	132
	0.199
	0.013

	MAD 1-st mine
	103
	0.200
	0.013
	
	
	MAD 1-st mine
	133
	0.196
	0.012

	MAD 1-st mine
	104
	0.188
	0.014
	
	
	MAD 1-st mine
	134
	0.188
	0.015

	MAD 1-st mine
	105
	0.185
	0.013
	
	
	MAD 1-st mine
	135
	0.196
	0.015

	MAD 1-st mine
	106
	0.195
	0.013
	
	
	MAD 1-st mine
	136
	0.200
	0.015

	MAD 1-st mine
	107
	0.186
	0.016
	
	
	MAD 1-st mine
	137
	0.188
	0.014

	MAD 1-st mine
	108
	0.196
	0.011
	
	
	MAD 1-st mine
	138
	0.201
	0.011

	MAD 1-st mine
	109
	0.189
	0.015
	
	
	MAD 1-st mine
	139
	0.204
	0.014

	MAD 1-st mine
	110
	0.200
	0.014
	
	
	MAD 1-st mine
	140
	0.192
	0.015

	MAD 1-st mine
	111
	0.195
	0.015
	
	
	MAD 1-st mine
	141
	0.194
	0.014

	MAD 1-st mine
	112
	0.184
	0.013
	
	
	MAD 1-st mine
	142
	0.197
	0.015

	MAD 1-st mine
	113
	0.196
	0.011
	
	
	MAD 1-st mine
	143
	0.192
	0.014

	MAD 1-st mine
	114
	0.200
	0.014
	
	
	MAD 1-st mine
	144
	0.186
	0.017

	MAD 1-st mine
	115
	0.211
	0.015
	
	
	MAD 1-st mine
	145
	0.188
	0.014

	MAD 1-st mine
	116
	0.217
	0.016
	
	
	MAD 1-st mine
	146
	0.189
	0.013

	MAD 1-st mine
	117
	0.196
	0.015
	
	
	MAD 1-st mine
	147
	0.188
	0.016

	MAD 1-st mine
	118
	0.200
	0.012
	
	
	MAD 1-st mine
	148
	0.219
	0.014

	MAD 1-st mine
	119
	0.186
	0.016
	
	
	MAD 1-st mine
	149
	0.221
	0.014

	MAD 1-st mine
	120
	0.187
	0.015
	
	
	MAD 1-st mine
	150
	0.193
	0.017

	MAD 1-st mine
	121
	0.196
	0.012
	
	
	MAD 1-st mine
	151
	0.208
	0.015

	MAD 1-st mine
	122
	0.205
	0.015
	
	
	MAD 1-st mine
	152
	0.198
	0.013

	MAD 1-st mine
	123
	0.201
	0.013
	
	
	MAD 1-st mine
	153
	0.194
	0.017

	MAD 1-st mine
	124
	0.187
	0.013
	
	
	MAD 1-st mine
	154
	0.194
	0.015

	MAD 1-st mine
	125
	0.195
	0.016
	
	
	MAD 1-st mine
	155
	0.215
	0.015

	MAD 1-st mine
	126
	0.187
	0.011
	
	
	MAD 1-st mine
	156
	0.212
	0.016

	MAD 1-st mine
	127
	0.202
	0.014
	
	
	MAD 1-st mine
	157
	0.220
	0.020

	MAD 1-st mine
	128
	0.203
	0.014
	
	
	MAD 1-st mine
	158
	0.221
	0.014

	MAD 1-st mine
	129
	0.182
	0.011
	
	
	MAD 1-st mine
	159
	0.199
	0.013

	MAD 1-st mine
	130
	0.185
	0.015
	
	
	
	
	
	


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-1
	1
	0.074
	0.008
	
	
	P-1
	26
	0.106
	0.008

	P-1
	2
	0.088
	0.009
	
	
	P-1
	27
	0.093
	0.011

	P-1
	3
	0.117
	0.008
	
	
	P-1
	28
	0.119
	0.010

	P-1
	4
	0.100
	0.009
	
	
	P-1
	29
	0.116
	0.010

	P-1
	5
	0.146
	0.010
	
	
	P-1
	30
	0.104
	0.010

	P-1
	6
	0.121
	0.010
	
	
	P-1
	31
	0.100
	0.010

	P-1
	7
	0.108
	0.011
	
	
	P-1
	32
	0.095
	0.008

	P-1
	8
	0.123
	0.010
	
	
	P-1
	33
	0.152
	0.009

	P-1
	9
	0.157
	0.010
	
	
	P-1
	34
	0.117
	0.008

	P-1
	10
	0.084
	0.007
	
	
	P-1
	35
	0.122
	0.009

	P-1
	11
	0.107
	0.008
	
	
	P-1
	36
	0.124
	0.010

	P-1
	12
	0.105
	0.008
	
	
	P-1
	37
	0.067
	0.010

	P-1
	13
	0.100
	0.009
	
	
	P-1
	38
	0.102
	0.010

	P-1
	14
	0.089
	0.009
	
	
	P-1
	39
	0.083
	0.010

	P-1
	15
	0.081
	0.009
	
	
	P-1
	40
	0.091
	0.008

	P-1
	16
	0.120
	0.012
	
	
	P-1
	41
	0.100
	0.010

	P-1
	17
	0.101
	0.009
	
	
	P-1
	42
	0.139
	0.010

	P-1
	18
	0.122
	0.009
	
	
	P-1
	43
	0.108
	0.010

	P-1
	19
	0.095
	0.008
	
	
	P-1
	44
	0.099
	0.009

	P-1
	20
	0.140
	0.009
	
	
	P-1
	45
	0.072
	0.008

	P-1
	21
	0.106
	0.008
	
	
	P-1
	46
	0.168
	0.013

	P-1
	22
	0.101
	0.010
	
	
	P-1
	47
	0.097
	0.008

	P-1
	23
	0.149
	0.011
	
	
	P-1
	48
	0.080
	0.009

	P-1
	24
	0.102
	0.008
	
	
	P-1
	49
	0.092
	0.008

	P-1
	25
	0.099
	0.009
	
	
	P-1
	50
	0.106
	0.008
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Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-1
	51
	0.117
	0.009
	
	
	P-1
	67
	0.154
	0.010

	P-1
	52
	0.164
	0.012
	
	
	P-1
	68
	0.116
	0.009

	P-1
	53
	0.124
	0.010
	
	
	P-1
	69
	0.110
	0.008

	P-1
	54
	0.142
	0.008
	
	
	P-1
	70
	0.075
	0.008

	P-1
	55
	0.096
	0.007
	
	
	P-1
	71
	0.093
	0.008

	P-1
	56
	0.093
	0.009
	
	
	P-1
	72
	0.140
	0.010

	P-1
	57
	0.089
	0.010
	
	
	P-1
	73
	0.108
	0.007

	P-1
	58
	0.118
	0.010
	
	
	P-1
	74
	0.157
	0.012

	P-1
	59
	0.126
	0.008
	
	
	P-1
	75
	0.122
	0.009

	P-1
	60
	0.106
	0.009
	
	
	P-1
	76
	0.103
	0.010

	P-1
	61
	0.159
	0.012
	
	
	P-1
	77
	0.102
	0.009

	P-1
	62
	0.088
	0.009
	
	
	P-1
	78
	0.072
	0.009

	P-1
	63
	0.137
	0.010
	
	
	P-1
	79
	0.099
	0.008

	P-1
	64
	0.129
	0.009
	
	
	P-1
	80
	0.148
	0.009

	P-1
	65
	0.159
	0.012
	
	
	P-1
	81
	0.106
	0.009


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique

	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-2
	1
	0.077
	0.011
	
	
	P-2
	26
	0.081
	0.009

	P-2
	2
	0.074
	0.011
	
	
	P-2
	27
	0.071
	0.011

	P-2
	3
	0.051
	0.011
	
	
	P-2
	28
	0.086
	0.012

	P-2
	4
	0.094
	0.010
	
	
	P-2
	29
	0.041
	0.010

	P-2
	5
	0.068
	0.011
	
	
	P-2
	30
	0.063
	0.009

	P-2
	6
	0.076
	0.009
	
	
	P-2
	31
	0.061
	0.012

	P-2
	7
	0.039
	0.008
	
	
	P-2
	32
	0.057
	0.010

	P-2
	8
	0.111
	0.012
	
	
	P-2
	33
	0.114
	0.011

	P-2
	9
	0.096
	0.010
	
	
	P-2
	34
	0.043
	0.010

	P-2
	10
	0.055
	0.012
	
	
	P-2
	35
	0.149
	0.012

	P-2
	11
	0.085
	0.010
	
	
	P-2
	36
	0.076
	0.011

	P-2
	12
	0.092
	0.011
	
	
	P-2
	37
	0.116
	0.013

	P-2
	13
	0.080
	0.010
	
	
	P-2
	38
	0.083
	0.010

	P-2
	14
	0.086
	0.010
	
	
	P-2
	39
	0.071
	0.010

	P-2
	15
	0.051
	0.013
	
	
	P-2
	40
	0.070
	0.010

	P-2
	16
	0.105
	0.010
	
	
	P-2
	41
	0.080
	0.012

	P-2
	17
	0.050
	0.010
	
	
	P-2
	42
	0.075
	0.011

	P-2
	18
	0.142
	0.011
	
	
	P-2
	43
	0.050
	0.011

	P-2
	19
	0.108
	0.013
	
	
	P-2
	44
	0.092
	0.009

	P-2
	20
	0.052
	0.011
	
	
	P-2
	45
	0.072
	0.011

	P-2
	21
	0.038
	0.010
	
	
	P-2
	46
	0.075
	0.009

	P-2
	22
	0.096
	0.010
	
	
	P-2
	47
	0.106
	0.012

	P-2
	23
	0.083
	0.011
	
	
	P-2
	48
	0.090
	0.011

	P-2
	24
	0.062
	0.011
	
	
	P-2
	49
	0.052
	0.012

	P-2
	25
	0.125
	0.015
	
	
	P-2
	50
	0.080
	0.010


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-2
	51
	0.090
	0.011
	
	
	P-2
	64
	0.079
	0.010

	P-2
	52
	0.080
	0.010
	
	
	P-2
	65
	0.090
	0.012

	P-2
	53
	0.086
	0.010
	
	
	P-2
	66
	0.042
	0.010

	P-2
	54
	0.056
	0.013
	
	
	P-2
	67
	0.065
	0.010

	P-2
	55
	0.109
	0.010
	
	
	P-2
	68
	0.062
	0.013

	P-2
	56
	0.054
	0.010
	
	
	P-2
	69
	0.061
	0.011

	P-2
	57
	0.112
	0.013
	
	
	P-2
	70
	0.116
	0.012

	P-2
	58
	0.055
	0.012
	
	
	P-2
	71
	0.043
	0.011

	P-2
	59
	0.039
	0.010
	
	
	P-2
	72
	0.077
	0.011

	P-2
	60
	0.100
	0.010
	
	
	P-2
	73
	0.118
	0.013

	P-2
	61
	0.088
	0.011
	
	
	P-2
	74
	0.084
	0.010

	P-2
	62
	0.067
	0.012
	
	
	P-2
	75
	0.070
	0.010

	P-2
	63
	0.087
	0.010
	
	
	P-2
	76
	0.070
	0.010


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-3
	1
	0.109
	0.011
	
	
	P-3
	26
	0.095
	0.011

	P-3
	2
	0.118
	0.013
	
	
	P-3
	27
	0.117
	0.010

	P-3
	3
	0.108
	0.012
	
	
	P-3
	28
	0.114
	0.012

	P-3
	4
	0.074
	0.011
	
	
	P-3
	29
	0.080
	0.010

	P-3
	5
	0.102
	0.011
	
	
	P-3
	30
	0.070
	0.009

	P-3
	6
	0.073
	0.011
	
	
	P-3
	31
	0.076
	0.009

	P-3
	7
	0.072
	0.009
	
	
	P-3
	32
	0.081
	0.011

	P-3
	8
	0.056
	0.009
	
	
	P-3
	33
	0.076
	0.011

	P-3
	9
	0.104
	0.012
	
	
	P-3
	34
	0.113
	0.012

	P-3
	10
	0.139
	0.012
	
	
	P-3
	35
	0.121
	0.011

	P-3
	11
	0.073
	0.011
	
	
	P-3
	36
	0.128
	0.013

	P-3
	12
	0.065
	0.010
	
	
	P-3
	37
	0.124
	0.012

	P-3
	13
	0.132
	0.010
	
	
	P-3
	38
	0.065
	0.010

	P-3
	14
	0.095
	0.011
	
	
	P-3
	39
	0.108
	0.012

	P-3
	15
	0.122
	0.013
	
	
	P-3
	40
	0.118
	0.014

	P-3
	16
	0.080
	0.009
	
	
	P-3
	41
	0.109
	0.012

	P-3
	17
	0.096
	0.011
	
	
	P-3
	42
	0.075
	0.011

	P-3
	18
	0.089
	0.010
	
	
	P-3
	43
	0.104
	0.011

	P-3
	19
	0.073
	0.010
	
	
	P-3
	44
	0.077
	0.011

	P-3
	20
	0.061
	0.010
	
	
	P-3
	45
	0.078
	0.010

	P-3
	21
	0.147
	0.011
	
	
	P-3
	46
	0.062
	0.009

	P-3
	22
	0.120
	0.012
	
	
	P-3
	47
	0.112
	0.012

	P-3
	23
	0.079
	0.011
	
	
	P-3
	48
	0.146
	0.013

	P-3
	24
	0.124
	0.011
	
	
	P-3
	49
	0.077
	0.010

	P-3
	25
	0.102
	0.012
	
	
	P-3
	50
	0.068
	0.010


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-3
	51
	0.097
	0.011
	
	
	P-3
	64
	0.097
	0.011

	P-3
	52
	0.121
	0.013
	
	
	P-3
	65
	0.117
	0.010

	P-3
	53
	0.081
	0.009
	
	
	P-3
	66
	0.111
	0.012

	P-3
	54
	0.101
	0.011
	
	
	P-3
	67
	0.079
	0.011

	P-3
	55
	0.097
	0.011
	
	
	P-3
	68
	0.068
	0.009

	P-3
	56
	0.078
	0.010
	
	
	P-3
	69
	0.071
	0.010

	P-3
	57
	0.065
	0.010
	
	
	P-3
	70
	0.080
	0.011

	P-3
	58
	0.060
	0.009
	
	
	P-3
	71
	0.079
	0.012

	P-3
	59
	0.150
	0.012
	
	
	P-3
	72
	0.119
	0.013

	P-3
	60
	0.122
	0.012
	
	
	P-3
	73
	0.123
	0.011

	P-3
	61
	0.086
	0.011
	
	
	P-3
	74
	0.133
	0.013

	P-3
	62
	0.132
	0.011
	
	
	P-3
	75
	0.128
	0.012

	P-3
	63
	0.104
	0.011
	
	
	P-3
	76
	0.067
	0.010


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	P-4
	1
	0.176
	0.009
	
	
	P-4
	17
	0.109
	0.010

	P-4
	2
	0.157
	0.010
	
	
	P-4
	18
	0.153
	0.008

	P-4
	3
	0.169
	0.010
	
	
	P-4
	19
	0.118
	0.011

	P-4
	4
	0.107
	0.009
	
	
	P-4
	20
	0.141
	0.011

	P-4
	5
	0.084
	0.008
	
	
	P-4
	21
	0.174
	0.011

	P-4
	6
	0.092
	0.010
	
	
	P-4
	22
	0.101
	0.008

	P-4
	7
	0.154
	0.009
	
	
	P-4
	23
	0.140
	0.010

	P-4
	8
	0.087
	0.007
	
	
	P-4
	24
	0.140
	0.009

	P-4
	9
	0.155
	0.013
	
	
	P-4
	25
	0.077
	0.007

	P-4
	10
	0.140
	0.009
	
	
	P-4
	26
	0.161
	0.010

	P-4
	11
	0.173
	0.010
	
	
	P-4
	27
	0.190
	0.011

	P-4
	12
	0.126
	0.008
	
	
	P-4
	28
	0.125
	0.008

	P-4
	13
	0.122
	0.010
	
	
	P-4
	29
	0.121
	0.010

	P-4
	14
	0.152
	0.011
	
	
	P-4
	30
	0.105
	0.008

	P-4
	15
	0.194
	0.010
	
	
	P-4
	31
	0.157
	0.009

	P-4
	16
	0.134
	0.010
	
	
	P-4
	32
	0.100
	0.010


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique

	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	J-1
	1
	1.561
	0.025
	
	
	J-1
	26
	1.601
	0.025

	J-1
	2
	1.595
	0.031
	
	
	J-1
	27
	1.592
	0.022

	J-1
	3
	1.764
	0.028
	
	
	J-1
	28
	1.578
	0.032

	J-1
	4
	1.488
	0.024
	
	
	J-1
	29
	1.770
	0.029

	J-1
	5
	1.633
	0.027
	
	
	J-1
	30
	1.561
	0.032

	J-1
	6
	1.538
	0.028
	
	
	J-1
	31
	1.430
	0.023

	J-1
	7
	1.647
	0.029
	
	
	J-1
	32
	1.685
	0.031

	J-1
	8
	1.700
	0.029
	
	
	J-1
	33
	1.593
	0.022

	J-1
	9
	1.541
	0.026
	
	
	J-1
	34
	1.764
	0.032

	J-1
	10
	1.690
	0.024
	
	
	J-1
	35
	1.801
	0.034

	J-1
	11
	1.397
	0.025
	
	
	J-1
	36
	1.523
	0.022

	J-1
	12
	1.483
	0.022
	
	
	J-1
	37
	1.545
	0.025

	J-1
	13
	1.459
	0.027
	
	
	J-1
	38
	1.824
	0.028

	J-1
	14
	1.713
	0.027
	
	
	J-1
	39
	1.499
	0.029

	J-1
	15
	1.771
	0.030
	
	
	J-1
	40
	1.679
	0.028

	J-1
	16
	1.454
	0.026
	
	
	J-1
	41
	1.546
	0.028

	J-1
	17
	1.511
	0.026
	
	
	J-1
	42
	1.471
	0.027

	J-1
	18
	1.718
	0.029
	
	
	J-1
	43
	1.386
	0.028

	J-1
	19
	1.455
	0.026
	
	
	J-1
	44
	1.596
	0.024

	J-1
	20
	1.578
	0.024
	
	
	J-1
	45
	1.509
	0.029

	J-1
	21
	1.520
	0.022
	
	
	J-1
	46
	1.578
	0.019

	J-1
	22
	1.631
	0.031
	
	
	J-1
	47
	1.489
	0.018

	J-1
	23
	1.676
	0.027
	
	
	J-1
	48
	1.756
	0.020

	J-1
	24
	1.454
	0.026
	
	
	J-1
	49
	1.413
	0.022

	J-1
	25
	1.588
	0.024
	
	
	J-1
	50
	1.526
	0.020


Supplementary Appendix A1 
Chlorine measurements by LA–ICP-MS technique

	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)
	
	
	Sample
	grain / spot
	Cl (wt.%)
	±1σ  Cl (wt.%)

	J-1
	51
	1.488
	0.017
	
	
	J-1
	70
	1.559
	0.020

	J-1
	52
	1.603
	0.022
	
	
	J-1
	71
	1.558
	0.017

	J-1
	53
	1.734
	0.022
	
	
	J-1
	72
	1.509
	0.022

	J-1
	54
	1.516
	0.019
	
	
	J-1
	73
	1.725
	0.022

	J-1
	55
	1.483
	0.016
	
	
	J-1
	74
	1.542
	0.020

	J-1
	56
	1.504
	0.017
	
	
	J-1
	75
	1.423
	0.018

	J-1
	57
	1.455
	0.019
	
	
	J-1
	76
	1.659
	0.022

	J-1
	58
	1.767
	0.019
	
	
	J-1
	77
	1.711
	0.019

	J-1
	59
	1.738
	0.021
	
	
	J-1
	78
	1.769
	0.021

	J-1
	60
	1.418
	0.019
	
	
	J-1
	79
	1.530
	0.019

	J-1
	61
	1.512
	0.023
	
	
	J-1
	80
	1.508
	0.021

	J-1
	62
	1.683
	0.021
	
	
	J-1
	81
	1.739
	0.019

	J-1
	63
	1.409
	0.020
	
	
	J-1
	82
	1.461
	0.016

	J-1
	64
	1.569
	0.018
	
	
	J-1
	83
	1.635
	0.019

	J-1
	65
	1.544
	0.020
	
	
	J-1
	84
	1.455
	0.015

	J-1
	66
	1.639
	0.019
	
	
	J-1
	85
	1.523
	0.018

	J-1
	67
	1.673
	0.027
	
	
	J-1
	86
	1.495
	0.019

	J-1
	68
	1.447
	0.020
	
	
	J-1
	87
	1.640
	0.019

	J-1
	69
	1.530
	0.021
	
	
	J-1
	88
	1.480
	0.021

	
	
	
	
	
	
	J-1
	89
	1.504
	0.018
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