Table S1.  U and Mo concentration, enrichment factors, and isotope composition, FeT/Al ratios, and DOP data for the black shales of the Velkerri Formation and Wollogorang Formation.
	 
	Core deptha
	Uc
	Mob
	UEFc
	MoEFc
	δ98Mob
	2SDb
	δ238Uc
	2SDc
	FeT/Alb
	DOPb

	 
	(m)
	(ppm)
	(ppm)
	 
	 
	(‰)
	(‰)
	(‰)
	(‰)
	 
	 

	
	Upper Velkerri Formation (Urapunga-4)
	
	
	
	
	
	
	
	

	
	136.98-137.05
	12.7
	112
	11.8
	194
	1.05
	0.14
	0.03
	0.08
	1.8
	0.92

	
	136.98-137.05 (rpt)
	14.3
	
	
	
	
	
	0.07
	0.03
	
	

	
	137.19-137.26
	13.9
	110
	12.5
	184
	0.86
	0.10
	0.08
	0.02
	1.6
	0.9

	
	137.26-137.33
	14.8
	106
	14.7
	196
	0.98
	0.06
	0.10
	0.07
	1.8
	0.92

	
	137.46-137.52
	14.8
	119
	11.2
	168
	0.91
	0.11
	0.09
	0.03
	1.4
	0.92

	
	137.75-137.79
	14.7
	105
	12.8
	171
	0.98
	0.15
	0.12
	0.08
	1.7
	0.91

	
	137.84-137.89
	16.5
	114
	13.5
	175
	0.91
	0.09
	0.04
	0.02
	1.5
	0.9

	
	137.84-137.89 (rpt)
	16.5
	
	
	
	
	
	0.06
	0.08
	
	

	
	Lower Velkerri Formation (Urapunga-4)
	
	
	
	
	
	
	
	

	
	325.71-325.78
	5.6
	8.6
	5.5
	16
	
	
	-0.20
	0.03
	1.4
	0.43

	
	326.20-326.28
	5.6
	8.8
	3.5
	10
	
	
	-0.28
	0.04
	0.7
	0.43

	
	326.42-326.48
	5.2
	6.0
	1.9
	4.1
	
	
	-0.27
	0.10
	0.5
	

	
	326.48-326.55
	4.8
	6.0
	3.8
	8.9
	
	
	-0.24
	0.07
	1.0
	0.51

	
	326.48-326.55 (rpt)
	4.8
	
	
	
	
	
	-0.27
	0.05
	
	

	
	326.62-326.69
	5.2
	7.5
	3.2
	8.7
	
	
	-0.19
	0.05
	0.9
	

	
	Upper Wollogorang Formation (Mount Young 2)
	
	
	
	
	
	
	

	
	74.27-74.29
	15.2
	58
	13.2
	94
	0.66
	0.11
	-0.14
	0.06
	0.7
	0.86

	
	74.35-74.38
	13.7
	57
	14.6
	113
	0.81
	0.01
	-0.17
	0.06
	0.7
	0.77

	
	75.08-75.11
	11.7
	41
	7.1
	47
	1.00
	0.07
	0.00
	0.06
	0.3
	0.82

	
	75.48-75.51
	22.1
	57
	24.4
	118
	0.72
	0.12
	-0.06
	0.00
	0.7
	0.58

	
	75.51-75.53
	17.1
	56
	16.9
	104
	1.03
	0.18
	-0.06
	0.02
	0.5
	0.7

	
	Lower Wollogorang Formation (Mount Young 2)
	
	
	
	
	
	
	

	
	76.00-76.03
	17.4
	56
	12.2
	73
	0.65
	0.09
	0.06
	0.06
	0.4
	0.57

	
	76.00-76.03 (rpt)
	17.3
	
	
	
	
	
	0.03
	0.09
	
	

	
	76.03-76.08
	18.6
	52
	6.9
	36
	0.67
	0.07
	0.06
	0.09
	0.2
	0.62

	
	76.91-76.96
	21.6
	56
	18.2
	88
	0.30
	0.11
	0.04
	0.05
	0.5
	0.92

	
	76.91-76.96 (dol)
	19.3
	49
	19.8
	94
	0.37
	0.12
	0.03
	0.09
	0.5
	0.82



a “rpt” stands for replicate analysis of full powder samples; “dol” denotes the black shale sample with dolomite veinlet.
b The Al, Fe, Mo, molybdenum isotope (δ98Mo), FeT/Al, and degree of pyritization (DOP) data are from Kendall et al. (2009). 
c The U, enrichment factors of U (UEF) and Mo (MoEF), uranium isotope (δ238U) data are from Yang et al. (2017). “EF” stands for the enrichment factor of an element for a sample, which is calculated via (element/Al)sample/(element/Al)average upper crust.The average upper crust data (Al = 8.04 wt.%, U = 2.8 ppm, and Mo = 1.5 ppm) used in the calculation of enrichment factors are derived from McLennan (2001).









Table S2. Re-Os isotope data for the black shales of the Velkerri Formation and Wollogorang Formation.
	 
	Core deptha
	Reb
	Osb
	192Osb
	187Re/188Osb
	2SDb
	187Os/188Osb
	2SDb
	𝜌b
	IOsb

	 
	(m)
	(ppb)
	(ppt)
	(ppt)
	
	
	
	
	 
	 

	
	Upper Velkerri Formation (Urapunga-4)
	
	
	
	
	
	
	

	
	136.98-137.05
	38.99
	986.8
	172.4
	449.81
	1.82
	10.5745
	0.0281
	0.288
	0.26

	
	137.19-137.26
	43.31
	1081.0
	184.3
	467.45
	2.20
	11.0256
	0.0541
	0.380
	0.31

	
	137.26-137.33
	41.05
	972.9
	153.1
	533.42
	2.44
	12.5722
	0.0554
	0.380
	0.34

	
	137.46-137.52
	52.73
	1285.7
	212.7
	493.27
	2.61
	11.5943
	0.0684
	0.469
	0.28

	
	137.75-137.79
	41.80
	972.3
	150.1
	554.22
	2.24
	12.9699
	0.0322
	0.307
	0.26

	
	137.84-137.89
	47.54
	1072.4
	157.6
	600.13
	3.65
	14.0003
	0.1159
	0.469
	0.24

	
	137.84-137.89 (rpt)
	47.47
	1077.2
	158.6
	595.53
	2.46
	13.9608
	0.0413
	0.302
	0.30

	
	Lower Velkerri Formation (Urapunga-4)
	
	
	
	
	
	
	

	
	325.71-325.78
	7.85
	192.8
	31.1
	501.47
	3.29
	12.0571
	0.0858
	0.631
	0.08

	
	326.20-326.28
	7.34
	177.4
	28.2
	518.65
	3.25
	12.3958
	0.0784
	0.648
	0.01

	
	326.42-326.48
	5.97
	162.7
	30.6
	387.68
	3.10
	9.2614
	0.0940
	0.621
	0.00

	
	326.48-326.55
	5.80
	155.7
	28.5
	405.43
	2.54
	9.7670
	0.0597
	0.670
	0.08

	
	326.62-326.69
	6.38
	167.4
	29.8
	425.77
	2.45
	10.2300
	0.0573
	0.608
	0.06

	
	Upper Wollogorang Formation (Mount Young 2)
	
	
	
	
	
	

	
	74.27-74.29
	13.61
	372.5
	51.0
	531.25
	4.34
	15.5944
	0.1350
	0.730
	0.06

	
	74.35-74.38
	10.06
	284.4
	42.2
	474.64
	3.65
	13.8086
	0.1213
	0.674
	-0.07

	
	75.08-75.11
	14.29
	373.8
	46.2
	615.49
	4.49
	18.0709
	0.1450
	0.679
	0.07

	
	75.48-75.51
	23.31
	609.4
	77.4
	598.93
	2.74
	17.3679
	0.0707
	0.409
	-0.15

	
	75.51-75.53
	20.14
	532.3
	67.5
	593.56
	2.74
	17.4235
	0.0686
	0.438
	0.07

	
	Lower Wollogorang Formation (Mount Young 2)
	
	
	
	
	
	

	
	76.00-76.03
	21.77
	528.7
	61.8
	701.08
	3.74
	19.5470
	0.1280
	0.431
	-0.95

	
	76.00-76.03 (rpt)
	21.63
	536.6
	62.8
	685.75
	6.49
	19.5254
	0.1899
	0.823
	-0.53

	
	76.03-76.08
	20.79
	503.8
	61.1
	676.61
	3.24
	18.5481
	0.0870
	0.424
	-1.24

	
	76.91-76.96
	30.22
	728.9
	84.5
	711.29
	4.00
	19.7539
	0.1217
	0.528
	-1.05

	
	76.91-76.96 (dol)
	27.68
	623.5
	70.8
	777.51
	3.82
	20.3256
	0.0975
	0.456
	-2.41



a “rpt” stands for replicate analysis of full powder samples; “dol” denotes the black shale sample with dolomite veinlet.
b The Re-Os concentration and isotope data are from Kendall et al. (2009). 
