Supplementary Table S1a: Whole Rock Geochemistry results of Kinta Valley Carbonates: Host calcareous mudstone (HCM - P1)
	Analyte Symbol
	Unit Symbol
	4A
	4B1
	4B2
	4C
	4D
	4G2
	4KU
	4KD
	5A

	Host calcareous mudstone (HCM - P1):

	SiO2
	%
	0.44
	1.38
	0.63
	0.52
	0.24
	0.83
	3.15
	1.63
	0.29

	Al2O3
	%
	0.18
	0.78
	0.39
	0.14
	0.14
	0.51
	0.95
	0.28
	0.22

	Fe2O3(T)
	%
	0.14
	0.43
	0.25
	0.28
	0.23
	0.29
	0.34
	0.22
	0.16

	MnO
	%
	0.04
	0.043
	0.033
	0.043
	0.035
	0.041
	0.052
	0.057
	0.051

	MgO
	%
	1.76
	1.96
	1.22
	0.73
	0.73
	1.46
	1.13
	0.84
	1.71

	CaO
	%
	53.38
	51.88
	53.97
	53.46
	55.27
	53.05
	51.38
	54.2
	53.65

	Na2O
	%
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	0.01
	< 0.01
	< 0.01
	0.01
	< 0.01

	K2O
	%
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	0.01

	TiO2
	%
	0.012
	0.037
	0.018
	0.008
	0.004
	0.034
	0.042
	0.01
	0.016

	P2O5
	%
	0.02
	0.03
	< 0.01
	0.03
	0.02
	0.03
	0.04
	0.04
	0.04

	LOI
	%
	43.67
	42.41
	43.32
	43.38
	43.81
	42.74
	41.87
	42.89
	43.1

	Total
	%
	99.64
	98.96
	99.86
	98.6
	100.5
	99
	98.96
	100.2
	99.24

	Trace elements


	Mn
	ppm
	310
	333
	256
	333
	271
	318
	403
	441
	395

	Sc
	ppm
	< 1
	1
	< 1
	< 1
	< 1
	1
	2
	< 1
	< 1

	Be
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	V
	ppm
	5
	9
	6
	< 5
	< 5
	8
	8
	< 5
	< 5

	Ba
	ppm
	14
	16
	12
	13
	13
	10
	11
	14
	8

	Sr
	ppm
	334
	531
	668
	494
	488
	353
	371
	368
	159

	Y
	ppm
	12
	13
	5
	10
	8
	10
	19
	11
	11

	Zr
	ppm
	7
	17
	7
	5
	5
	14
	9
	5
	9

	Cr
	ppm
	< 20
	< 20
	< 20
	< 20
	20
	< 20
	< 20
	< 20
	< 20

	Co
	ppm
	< 1
	< 1
	< 1
	2
	< 1
	< 1
	< 1
	< 1
	< 1

	Ni
	ppm
	< 20
	< 20
	< 20
	20
	< 20
	< 20
	< 20
	< 20
	< 20

	Cu
	ppm
	30
	40
	30
	30
	40
	50
	30
	30
	30

	Zn
	ppm
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30

	Ga
	ppm
	< 1
	1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Ge
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	As
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	6
	< 5
	< 5

	Rb
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Nb
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Mo
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Ag
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	In
	ppm
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2

	Sn
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Sb
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Cs
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Hf
	ppm
	< 0.2
	0.4
	< 0.2
	< 0.2
	< 0.2
	0.2
	< 0.2
	< 0.2
	< 0.2

	Ta
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	W
	ppm
	< 1
	< 1
	2
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Tl
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	Pb
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Bi
	ppm
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4

	Th
	ppm
	0.4
	1
	0.3
	0.6
	0.2
	1.3
	1
	0.4
	0.7

	U
	ppm
	0.3
	0.9
	0.4
	0.1
	0.8
	0.4
	0.6
	0.6
	0.3

	Rare Earth Elements

	La
	ppm
	7.6
	11.3
	5.1
	6.4
	7.4
	8
	16
	11.5
	7.5

	Ce
	ppm
	5.6
	12.1
	5.1
	7.4
	5.5
	9.2
	16.9
	9.9
	7.2

	Pr
	ppm
	1.35
	2.27
	0.95
	1.23
	1.25
	1.59
	3.34
	1.88
	1.45

	Nd
	ppm
	5.4
	9.4
	3.5
	4.9
	4.9
	6.6
	13.4
	7.4
	6

	Sm
	ppm
	1.1
	2.1
	0.7
	1
	0.9
	1.4
	2.9
	1.4
	1.2

	Eu
	ppm
	0.35
	0.27
	0.4
	0.23
	0.34
	0.25
	0.49
	0.51
	0.24

	Gd
	ppm
	1.3
	2.2
	0.7
	1.2
	0.9
	1.5
	3
	1.5
	1.4

	Tb
	ppm
	0.2
	0.4
	< 0.1
	0.2
	0.1
	0.2
	0.5
	0.2
	0.2

	Dy
	ppm
	1.3
	2.1
	0.6
	1
	0.8
	1.4
	2.6
	1.2
	1.4

	Ho
	ppm
	0.3
	0.4
	0.1
	0.2
	0.2
	0.3
	0.5
	0.2
	0.3

	Er
	ppm
	0.8
	1
	0.3
	0.6
	0.4
	0.8
	1.3
	0.6
	0.8

	Tm
	ppm
	0.1
	0.14
	< 0.05
	0.09
	0.06
	0.12
	0.18
	0.08
	0.12

	Yb
	ppm
	0.6
	0.8
	0.2
	0.5
	0.4
	0.7
	1
	0.5
	0.8

	Lu
	ppm
	0.09
	0.11
	< 0.04
	0.08
	0.05
	0.1
	0.15
	0.07
	0.11

	∑REE
	ppm
	40.09
	60.59
	29.65
	38.03
	36.2
	42.16
	73.26
	50.94
	36.72




Supplementary Table S1b: Whole Rock Geochemistry results of Kinta Valley Carbonates: Early replacement dolomite (P2)
	Analyte Symbol
	Unit Symbol
	4E1
	4E2
	4E3
	4F
	4I 1
	4I2
	5C
	5E
	5G
	5H (h)
	5H (v)

	Early replacement dolomite (P2)

	SiO2
	%
	1.66
	1.65
	2.57
	0.45
	1.59
	0.45
	0.58
	0.84
	2.31
	0.51
	0.39

	Al2O3
	%
	0.82
	0.8
	1.08
	0.3
	0.87
	0.29
	0.34
	0.48
	1.19
	0.31
	0.23

	Fe2O3(T)
	%
	0.41
	0.5
	0.57
	0.47
	0.6
	0.39
	0.2
	0.24
	0.56
	0.4
	0.45

	MnO
	%
	0.177
	0.194
	0.265
	0.304
	0.219
	0.204
	0.308
	0.356
	0.181
	0.303
	0.301

	MgO
	%
	8.4
	11.53
	17.65
	19.51
	13.77
	11.76
	19.72
	19.92
	11.64
	20.4
	19.77

	CaO
	%
	43.46
	39.69
	32.2
	31.78
	38.23
	40.91
	31.48
	31.48
	41.27
	30.43
	32.08

	Na2O
	%
	0.01
	0.01
	0.03
	0.03
	0.01
	0.02
	0.04
	0.04
	0.01
	0.04
	0.03

	K2O
	%
	< 0.01
	< 0.01
	0.02
	< 0.01
	< 0.01
	< 0.01
	0.01
	< 0.01
	0.01
	0.01
	< 0.01

	TiO2
	%
	0.044
	0.039
	0.035
	0.016
	0.044
	0.016
	0.019
	0.028
	0.094
	0.015
	0.015

	P2O5
	%
	0.03
	0.02
	0.04
	0.03
	0.03
	0.02
	0.05
	0.04
	0.13
	0.02
	0.04

	LOI
	%
	43.49
	44.14
	44.35
	46.51
	43.83
	44.83
	46.32
	46.22
	42.81
	46.49
	46.22

	Total
	%
	98.52
	98.59
	98.8
	99.41
	99.19
	98.89
	99.08
	99.65
	100.2
	98.93
	99.55

	Trace elements


	Mn
	ppm
	1371
	1502
	2052
	2354
	1696
	1580
	2385
	2757
	1402
	2347
	2331

	Sc
	ppm
	2
	1
	1
	< 1
	2
	1
	< 1
	1
	< 1
	1
	1

	Be
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	V
	ppm
	7
	6
	8
	6
	9
	5
	6
	7
	12
	8
	6

	Ba
	ppm
	7
	7
	7
	4
	6
	6
	4
	5
	5
	4
	4

	Sr
	ppm
	203
	147
	63
	44
	96
	94
	32
	46
	79
	38
	46

	Y
	ppm
	21
	12
	15
	6
	18
	14
	12
	15
	23
	13
	14

	Zr
	ppm
	20
	16
	18
	7
	19
	8
	11
	11
	94
	7
	8

	Cr
	ppm
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	20
	20
	< 20

	Co
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Ni
	ppm
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	30
	< 20
	< 20

	Cu
	ppm
	30
	40
	50
	20
	20
	30
	30
	20
	30
	20
	30

	Zn
	ppm
	< 30
	< 30
	< 30
	60
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30

	Ga
	ppm
	1
	1
	2
	< 1
	1
	< 1
	< 1
	< 1
	2
	< 1
	< 1

	Ge
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	As
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Rb
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Nb
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Mo
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Ag
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	In
	ppm
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2

	Sn
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	1
	< 1
	< 1

	Sb
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Cs
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Hf
	ppm
	0.5
	0.3
	0.4
	< 0.2
	0.4
	< 0.2
	< 0.2
	< 0.2
	1.9
	< 0.2
	< 0.2

	Ta
	ppm
	0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	W
	ppm
	1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	1
	< 1
	< 1
	< 1

	Tl
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	Pb
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Bi
	ppm
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4

	Th
	ppm
	1.2
	0.9
	1.2
	0.7
	2.2
	0.8
	1.4
	0.9
	3
	0.7
	0.9

	U
	ppm
	0.7
	0.4
	0.6
	0.3
	1.1
	0.6
	0.2
	0.2
	0.7
	0.2
	0.2

	Rare Earth Elements

	La
	ppm
	17.6
	8.1
	11.1
	3.8
	13.2
	8
	7.6
	9.3
	9.7
	5.5
	5.8

	Ce
	ppm
	14.5
	6.8
	7.9
	4.1
	14.3
	8.6
	25.9
	6.5
	12.8
	9.1
	8.8

	Pr
	ppm
	3.74
	1.72
	2.56
	0.84
	3.09
	2.1
	2.11
	2.08
	2.48
	1.65
	1.69

	Nd
	ppm
	15.6
	7.2
	10.3
	3.6
	12.8
	8.7
	9.2
	8.3
	11
	7.6
	7.5

	Sm
	ppm
	3.2
	1.5
	2.1
	0.7
	2.7
	2.1
	1.9
	1.7
	2.4
	1.8
	1.8

	Eu
	ppm
	0.64
	0.32
	0.41
	0.17
	0.59
	0.45
	0.38
	0.36
	0.37
	0.28
	0.3

	Gd
	ppm
	3.1
	1.5
	2.1
	0.7
	2.8
	2.2
	1.9
	1.6
	2.5
	2
	2

	Tb
	ppm
	0.5
	0.2
	0.3
	0.1
	0.4
	0.3
	0.3
	0.3
	0.4
	0.3
	0.3

	Dy
	ppm
	2.7
	1.3
	1.7
	0.7
	2.5
	1.9
	1.6
	1.5
	2.5
	1.8
	1.9

	Ho
	ppm
	0.5
	0.2
	0.3
	0.1
	0.5
	0.4
	0.3
	0.3
	0.5
	0.4
	0.4

	Er
	ppm
	1.5
	0.7
	0.9
	0.4
	1.4
	1
	0.9
	0.9
	1.4
	1
	1

	Tm
	ppm
	0.2
	0.09
	0.12
	0.06
	0.2
	0.14
	0.12
	0.14
	0.2
	0.13
	0.14

	Yb
	ppm
	1.2
	0.5
	0.7
	0.4
	1.2
	0.9
	0.7
	0.9
	1.2
	0.7
	0.8

	Lu
	ppm
	0.16
	0.07
	0.1
	0.05
	0.16
	0.12
	0.09
	0.13
	0.18
	0.1
	0.11

	∑REE
	ppm
	72.14
	37.2
	47.59
	19.72
	61.84
	42.91
	57
	39.01
	52.63
	36.36
	36.54
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Supplementary Table S1c: Whole Rock Geochemistry results of Kinta Valley Carbonates: Early Sucrosic dolomite (P3)
	Analyte Symbol
	Unit Symbol
	4XA
	4XB
	4YA
	4YB
	4ZA
	4ZB
	4ZC

	Sucrosic dolomite (P3)

	SiO2
	%
	1.64
	1.6
	0.2
	0.1
	1.59
	1.01
	1.35

	Al2O3
	%
	0.84
	0.87
	0.15
	0.1
	0.86
	0.57
	0.72

	Fe2O3(T)
	%
	0.49
	0.49
	0.28
	0.22
	0.47
	0.44
	0.51

	MnO
	%
	0.264
	0.291
	0.31
	0.342
	0.291
	0.312
	0.31

	MgO
	%
	17.48
	18.84
	20.4
	21.04
	18.81
	18.72
	19.42

	CaO
	%
	33.42
	32.18
	32.65
	31.3
	32.54
	32.01
	31.18

	Na2O
	%
	0.02
	0.02
	0.02
	0.04
	0.03
	0.03
	0.03

	K2O
	%
	< 0.01
	< 0.01
	< 0.01
	0.01
	< 0.01
	< 0.01
	0.01

	TiO2
	%
	0.038
	0.027
	0.009
	0.005
	0.03
	0.02
	0.024

	P2O5
	%
	0.04
	0.03
	0.04
	0.02
	0.03
	0.03
	0.04

	LOI
	%
	44.93
	45.05
	46.83
	47.04
	44.92
	45.45
	44.95

	Total
	%
	99.16
	99.39
	100.9
	100.2
	99.59
	98.61
	98.55

	Trace elements


	Mn
	ppm
	2045
	2254
	2401
	2649
	2254
	2416
	2401

	Sc
	ppm
	1
	1
	< 1
	< 1
	1
	1
	1

	Be
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	V
	ppm
	8
	9
	6
	5
	9
	8
	8

	Ba
	ppm
	5
	5
	4
	4
	5
	4
	4

	Sr
	ppm
	61
	54
	38
	31
	50
	44
	42

	Y
	ppm
	12
	13
	11
	11
	15
	14
	14

	Zr
	ppm
	17
	15
	6
	4
	15
	10
	14

	Cr
	ppm
	20
	< 20
	< 20
	< 20
	< 20
	20
	< 20

	Co
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Ni
	ppm
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20

	Cu
	ppm
	40
	30
	40
	40
	40
	30
	50

	Zn
	ppm
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30

	Ga
	ppm
	1
	1
	< 1
	< 1
	1
	< 1
	1

	Ge
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	As
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Rb
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Nb
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Mo
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Ag
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	In
	ppm
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2

	Sn
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Sb
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Cs
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Hf
	ppm
	0.3
	0.3
	< 0.2
	< 0.2
	0.3
	0.3
	0.4

	Ta
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	W
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Tl
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	Pb
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Bi
	ppm
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4

	Th
	ppm
	1
	0.8
	0.3
	0.2
	1
	0.8
	0.8

	U
	ppm
	0.6
	0.4
	0.2
	0.1
	0.6
	0.4
	0.5

	Rare Earth Elements


	La
	ppm
	6.3
	8.1
	5.1
	3.9
	12.2
	12.6
	10.8

	Ce
	ppm
	5.6
	5.9
	8
	5.7
	7.8
	7.8
	7.2

	Pr
	ppm
	1.56
	1.93
	1.12
	1.13
	2.58
	2.74
	2.46

	Nd
	ppm
	7
	8.2
	5
	4.8
	10.8
	10.8
	9.9

	Sm
	ppm
	1.5
	1.7
	1.1
	1.1
	2
	1.9
	1.9

	Eu
	ppm
	0.31
	0.36
	0.21
	0.22
	0.46
	0.45
	0.4

	Gd
	ppm
	1.5
	1.7
	1.2
	1.3
	2
	1.9
	1.8

	Tb
	ppm
	0.2
	0.2
	0.2
	0.2
	0.3
	0.3
	0.3

	Dy
	ppm
	1.3
	1.4
	1.2
	1.2
	1.7
	1.7
	1.6

	Ho
	ppm
	0.3
	0.3
	0.2
	0.2
	0.4
	0.3
	0.3

	Er
	ppm
	0.7
	0.8
	0.7
	0.7
	0.9
	0.9
	0.9

	Tm
	ppm
	0.11
	0.11
	0.1
	0.1
	0.13
	0.11
	0.12

	Yb
	ppm
	0.6
	0.7
	0.6
	0.6
	0.7
	0.7
	0.7

	Lu
	ppm
	0.09
	0.09
	0.09
	0.09
	0.1
	0.1
	0.11

	∑REE
	ppm
	32.07
	36.49
	28.82
	25.24
	47.07
	46.3
	42.49





Supplementary Table S1d: Whole Rock Geochemistry results of Kinta Valley Carbonates: Metamorphosed dolomite (P4), Late replacement dolomite (P5) and Late-stage calcite (P6)
	Analyte Symbol
 
	Unit Symbol
 
	5B 
	4G1A 
	4G1B 
	5F1 
	5F2 
	S 

	
	
	Metamorphosed dolomite (P4)
	Late replacement dolomite (P5)
	Late stage calcite (P6) 

	SiO2
	%
	0.13
	0.78
	0.71
	0.78
	0.3
	0.04

	Al2O3
	%
	0.11
	0.47
	0.45
	0.44
	0.2
	0.07

	Fe2O3(T)
	%
	0.12
	0.38
	0.35
	0.36
	0.75
	0.05

	MnO
	%
	0.132
	0.304
	0.317
	0.336
	0.338
	0.005

	MgO
	%
	6.34
	19.61
	19.71
	20.32
	19.79
	0.23

	CaO
	%
	48.22
	31.81
	30.89
	31.56
	30.77
	55.6

	Na2O
	%
	0.02
	0.04
	0.03
	0.04
	0.04
	< 0.01

	K2O
	%
	0.01
	0.01
	< 0.01
	0.02
	0.01
	0.01

	TiO2
	%
	0.007
	0.023
	0.024
	0.021
	0.017
	0.002

	P2O5
	%
	0.03
	0.03
	0.02
	0.04
	0.04
	0.02

	LOI
	%
	44.13
	46.11
	46.08
	46.09
	46.63
	43.31

	Total
	%
	99.26
	99.56
	98.59
	100
	98.89
	99.34

	Trace elements


	Mn
	ppm
	1022
	2354
	2455
	2602
	2618
	39

	Sc
	ppm
	< 1
	< 1
	< 1
	1
	1
	< 1

	Be
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	V
	ppm
	< 5
	5
	7
	7
	< 5
	< 5

	Ba
	ppm
	6
	5
	4
	5
	3
	4

	Sr
	ppm
	93
	48
	43
	34
	34
	17

	Y
	ppm
	9
	7
	6
	12
	17
	6

	Zr
	ppm
	5
	9
	9
	12
	13
	< 4

	Cr
	ppm
	< 20
	20
	< 20
	< 20
	< 20
	< 20

	Co
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Ni
	ppm
	< 20
	< 20
	< 20
	< 20
	< 20
	< 20

	Cu
	ppm
	30
	30
	50
	30
	10
	40

	Zn
	ppm
	< 30
	< 30
	< 30
	< 30
	< 30
	< 30

	Ga
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Ge
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	As
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Rb
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Nb
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Mo
	ppm
	< 2
	< 2
	< 2
	< 2
	< 2
	< 2

	Ag
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	In
	ppm
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2
	< 0.2

	Sn
	ppm
	< 1
	< 1
	< 1
	< 1
	< 1
	< 1

	Sb
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Cs
	ppm
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5
	< 0.5

	Hf
	ppm
	< 0.2
	< 0.2
	< 0.2
	0.2
	0.3
	< 0.2

	Ta
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	W
	ppm
	< 1
	< 1
	< 1
	< 1
	1
	< 1

	Tl
	ppm
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1
	< 0.1

	Pb
	ppm
	< 5
	< 5
	< 5
	< 5
	< 5
	< 5

	Bi
	ppm
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4
	< 0.4

	Th
	ppm
	0.4
	0.8
	0.8
	0.7
	0.5
	0.1

	U
	ppm
	0.2
	0.2
	0.2
	0.2
	0.1
	0.1

	Rare Earth Elements


	La
	ppm
	7.2
	5.4
	5.1
	6.2
	6.6
	2.7

	Ce
	ppm
	6.3
	4.3
	4.8
	6.3
	11.3
	0.7

	Pr
	ppm
	1.42
	0.94
	1
	1.48
	2.23
	0.52

	Nd
	ppm
	6
	3.8
	4.1
	6.3
	9.9
	2.1

	Sm
	ppm
	1.2
	0.8
	0.8
	1.4
	2.4
	0.4

	Eu
	ppm
	0.26
	0.18
	0.17
	0.26
	0.34
	0.09

	Ba
	ppm
	6
	5
	4
	5
	3
	4

	Gd
	ppm
	1.3
	0.9
	0.8
	1.4
	2.5
	0.5

	Tb
	ppm
	0.2
	0.1
	0.1
	0.2
	0.4
	< 0.1

	Dy
	ppm
	1.2
	0.8
	0.7
	1.3
	2.2
	0.4

	Ho
	ppm
	0.2
	0.2
	0.1
	0.3
	0.4
	< 0.1

	Er
	ppm
	0.7
	0.5
	0.4
	0.7
	1.2
	0.2

	Tm
	ppm
	0.09
	0.07
	0.05
	0.11
	0.16
	< 0.05

	Yb
	ppm
	0.6
	0.4
	0.3
	0.7
	0.9
	0.2

	Lu
	ppm
	0.09
	0.06
	0.05
	0.09
	0.13
	< 0.04

	∑REE
	 
	32.76
	23.45
	22.47
	31.74
	43.66
	11.81




Supplementary Table S2: Rotated Matrix components for the host calcareous mudstones (HCMs) of Kinta Valley
	Rotated Component Matrix

	Parameters
	F1
	F2
	F3
	F4
	F5
	F6

	SiO2
	.914
	.345
	-.013
	.110
	-.076
	-.067

	Al2O3
	.789
	.261
	.413
	.299
	.220
	-.005

	Fe2O3
	.509
	.234
	.137
	.619
	.367
	.353

	Mn
	.673
	-.165
	-.410
	-.013
	-.306
	-.341

	MgO
	.136
	-.383
	.789
	-.034
	.055
	.047

	CaO
	-.761
	.119
	-.472
	-.401
	.114
	-.082

	TiO2
	.687
	.053
	.525
	.384
	.272
	-.115

	P2O5
	.512
	.169
	-.165
	.294
	-.274
	-.624

	LOI
	-.866
	-.134
	-.173
	-.378
	-.095
	.197

	Ba
	.071
	.251
	-.112
	-.036
	-.026
	.925

	Sr
	-.291
	.695
	.109
	.330
	.100
	.513

	Y
	.944
	-.253
	.064
	-.051
	-.139
	.027

	Zr
	.343
	-.219
	.557
	.405
	.491
	.083

	Cu
	-.068
	-.201
	.080
	.250
	.896
	.048

	Th
	.533
	-.353
	.287
	.562
	.327
	-.204

	U
	.426
	.362
	-.009
	-.250
	.642
	.330

	La
	.985
	.122
	-.085
	-.064
	.044
	.008

	Ce
	.961
	.085
	.013
	.246
	.067
	-.047

	Pr
	.990
	.076
	.056
	.045
	.051
	-.022

	Nd
	.991
	.029
	.071
	.062
	.074
	-.021

	Sm
	.976
	.013
	.149
	.119
	.079
	.010

	Eu
	.437
	.697
	-.194
	-.410
	-.221
	-.084

	Gd
	.976
	-.076
	.146
	.129
	.014
	.009

	Tb
	.819
	.226
	.411
	.269
	-.123
	.073

	Dy
	.942
	-.179
	.259
	.099
	.049
	.023

	Ho
	.876
	-.338
	.308
	.000
	.113
	.028

	Er
	.888
	-.343
	.284
	.086
	-.030
	-.024

	Tm
	.721
	.020
	.577
	.289
	-.071
	-.216

	Yb
	.825
	-.488
	.203
	.067
	.068
	-.162

	Lu
	.684
	-.041
	.574
	.249
	-.179
	-.305

	LREE
	.991
	.074
	.017
	.088
	.058
	-.019

	HREE
	.917
	-.304
	.238
	.089
	.037
	-.008

	∑REE
	.992
	.033
	.041
	.089
	.056
	-.018

	Y/Ho
	-.306
	.513
	-.549
	.029
	-.572
	.020

	Eu/Eu*
	-.599
	.722
	-.022
	-.308
	-.138
	-.040

	Ce/Ce*
	.107
	-.021
	.017
	.980
	-.009
	-.157

	(Nd/Yb)SN
	.027
	.995
	-.045
	.015
	-.029
	.065

	Gd/Gd*
	-.467
	.022
	-.252
	-.529
	.600
	-.224

	(La/Sm)SN
	-.493
	.396
	-.537
	-.546
	-.050
	.043

	(Gd/Yb)SN
	.189
	.927
	.070
	.197
	-.190
	.136

	(La/Yb)SN
	-.148
	.949
	-.189
	-.150
	-.055
	.061

	% of Variance
	48.47
	16.69
	9.70
	9.46
	7.27
	5.39

	Eigen values
	20.36
	7.01
	4.08
	3.97
	3.05
	2.27







Supplementary Table S3: Rotated Matrix components for the dolomites of Kinta Valley

	Rotated Component Matrix

	Parameters 
	1
	2
	3
	4
	5

	SiO2
	.294
	.653
	.197
	.545
	-.277

	Al2O3
	.296
	.683
	.183
	.537
	-.285

	Fe2O3
	.388
	.412
	-.160
	.031
	-.515

	MnO
	-.153
	-.194
	-.939
	.001
	-.037

	MgO
	-.211
	-.087
	-.957
	.023
	-.028

	CaO
	.158
	.066
	.960
	-.120
	.076

	Na2O
	-.166
	-.337
	-.774
	-.158
	.114

	TiO2
	.280
	.870
	.294
	.120
	-.066

	P2O5
	.135
	.876
	.022
	-.242
	.229

	LOI
	-.344
	-.481
	-.719
	-.276
	.154

	V
	.336
	.763
	.023
	.078
	-.217

	Ba
	.168
	.041
	.764
	.367
	-.167

	Sr
	.338
	-.020
	.835
	.183
	-.062

	Y
	.841
	.444
	.161
	-.092
	-.069

	Zr
	.191
	.926
	.212
	-.135
	.045

	Cu
	-.360
	.135
	.057
	.598
	-.019

	Th
	.396
	.794
	.214
	.093
	.169

	U
	.513
	.389
	.410
	.399
	-.224

	La
	.747
	.117
	.317
	.492
	-.113

	Ce
	.600
	.135
	.004
	.038
	.763

	Pr
	.898
	.164
	.195
	.317
	-.054

	Nd
	.918
	.201
	.191
	.246
	-.024

	Sm
	.951
	.196
	.191
	.047
	-.017

	Eu
	.885
	.047
	.278
	.346
	-.050

	Gd
	.949
	.191
	.188
	-.054
	-.008

	Tb
	.947
	.181
	.133
	-.092
	.062

	Dy
	.923
	.264
	.197
	-.157
	.005

	Ho
	.897
	.281
	.109
	-.193
	-.074

	Er
	.915
	.275
	.205
	-.177
	.031

	Tm
	.889
	.324
	.181
	-.206
	.003

	Yb
	.862
	.298
	.239
	-.207
	.009

	Lu
	.819
	.375
	.223
	-.238
	-.022

	LREE
	.888
	.177
	.184
	.253
	.271

	HREE
	.921
	.276
	.197
	-.174
	.008

	∑REE
	.904
	.190
	.188
	.210
	.247

	Y/Ho
	-.551
	.082
	.053
	.258
	.029

	Eu/Eu*
	-.229
	-.258
	.186
	.743
	-.111

	Ce/Ce*
	.050
	-.013
	-.233
	-.244
	.898

	% of Variance
	41.51
	16.85
	16.74
	8.14
	5.94

	Eigen values
	15.77
	6.40
	6.36
	3.09
	2.26




