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Analytical methods
a. Electron Probe Micro Analysis
The silicate minerals in the Jutogh Group were analysed using a 5 WDS CAMECA SX-100 electron probe micro-analyser (EPMA) at the Indian Institute of Technology (IIT) Dhanbad. The analytical protocol is after Hifzurrahman et al. (2021).  The analysis results, including structural formulae, were calculated using A-X (http://ccp14.cryst.bbk.ac.uk/ccp/web-mirrors/crush/astaff/holland/ax.html). 
Monazites were analysed using an Electron Probe Micro Analyzer (CAMECA SX-100 EPMA) at the Department of Geology and Geophysics, Indian Institute of Technology Kharagpur, India. Analytical protocols and data reduction techniques are after (Prabhakar 2013). During the monazite analysis, the accelerating voltage was fixed at 20 kV, with a beam current of 150 nA, and the beam size was 1.0 μm in diameter. The following analytical standards were used: ThO2 for Th, UO2 for U, galena for Pb, synthetic silica-aluminium glass containing 4 % REEs for La, Ce, Nd, Pr, Sm, Ho, Dy, and Gd, and apatite for P and Ca, yttrium-aluminium-garnet (YAG) was used for Y, corundum (Al2O3) for Al, hematite for Fe and Th-glass for Si (silica). The counting time for Th (Mα), U (Mβ), and Pb (Mα) was set between 200 and 300 seconds, and 40 to 60 seconds for REEs. The spectral interferences of Th on U and Yon Pb were corrected using the inbuilt analytical software of the Cameca SX-100. Finally, the spot analysis's chemical composition was translated to spot age by the expression following (Montel et al. 1996). The Moacyr monazite standard was analysed simultaneously to control the spot analysis's consistency (Prabhakar 2013).

b. Sm-Nd isotopic analysis
The whole-rock and mineral Sm-Nd analysis was carried out by TIMS (Thermal Ionization Mass Spectrometry) facility at Pondicherry University. The representative samples were crushed by a Retsch make jaw crusher (BB50). Subsequently, samples were pulverized using a PM 100 ball mill. 40 – 80 ASTM size fractions of the samples were passed through Frantz Magnetic separator (Model LB-1), and individual minerals were separated based on their magnetic susceptibility at different set currents. Biotites, Muscovite and Feldspar, were separated at 0.3-amp, 0.8-1.2 amp, and 1.5-amp (reverse slope -10°), respectively. As Garnet is coarse-grained, they were handpicked separately to remove inclusions under a stereomicroscope. Biotites and Micas were cleaned with ethanol to remove inclusions within the book. For the garnet leachate portion, HNO3: HCL was added to the vial in a 1:1 ratio and kept overnight on a hotplate at 120°C to leach out the phosphate and magnetite inclusions, after which the residue leftover was completely digested with HF: HNO3: HCl. The sample digestion, spiking, and Sm-Nd preparation were carried out following analytical protocols described in Anand & Balakrishnan (2010); Kingson et al. (2017) for the Sm-Nd isotopic analysis. The Nd isotope standard, JNdi, was repeatedly analysed during the analytical process that yields a mean 143Nd/144Nd ratio of 0.512096 ± 6 (2σ; n = 13), which is very close to the reference value, 0.512100±2 (n=11) (Gautam et al. 2017)
The whole-rock and mineral Sm-Nd data reported in this article are provided in Table 4. The isochrons are constructed by using the isoplot R (Vermeesch 2018). The Sm and Nd isotopic ratios are taken from (Chan et al. 2002). The 147Sm decay constant values are adapted from Villa et al. (2020).


	

	Location
	Sample No.
	
	Chlorite
	Muscovite
	Biotite
	Plagioclase
	Garnet
	Staurolite
	Kyanite
	Sillimanite

	SW Direction
JEORI
	WG-11B
	
	✔
Mg mole %=46
(1σ = 2)

	✔
Si apfu =3.0
(1σ = 0.02)
	✖
	✖
	✖
	✖
	✖
	✖

	
	WG-76
	
	✖
	✔
Si apfu =3.0 
(1σ = 0.02)
	✔
Mg mole %=43
(1σ = 1.2)
	✔
Ab mole %=73
(1σ = 1.3)

	✖
	✖
	✖
	✖

	
	WG-66B
	
	
✔
Mg mole %=45
(Retrograde)



	✔
Si apfu =3.0
(1σ = 0.01)
	✔
Mg mole %=54
(1σ =0.5)
	✔
Ab mole %=56

	✔(Core)
Mg mole %=7 (1σ = 0.2)
Ca mole %=20 (1σ = 0.3)
Mn mole %=9 (1σ = 0.4)
(Rim)
Mg mole %=12 (1σ =0.2)
Ca mole %=13 (1σ =0.1)
Mn mole %=2 (1σ = 0.1)




	✔
Mg mole %=18
(1σ = 1.15)


	✔
	✖

	
	WG-65B
	
	
✔
Mg mole %=59
(1σ = 0.6)
(Retrograde)

	✔
Si apfu =3.0
(1σ = 0.01)
	✔
Mg mole%=58
(1σ = 0.5)
	✔
Ab mole %=88
(1σ = 2.0)
	✖
	✔
Mg mole % =24
(1σ = 0.6)

	✔
	✖

	NE
Direction
WANGTU
	WG-16B
	
	✖
	✔
Si apfu =3.0
(1σ = 0.01)
	✔
Mg mole %=76
(1σ = 0.50)
	✔
Ab mole %=92
(1σ = 0.82)
	✖
	✖
	✖
	✔


Table S1 Studied Jutogh metasedimentary samples and their mineral assemblages



	Table S2 Electron probe microanalysis (EPMA) and structural formulae of representative minerals in WG-11B.

	

	Minerals
	
	Muscovite
	
	Chlorite
	
	Ilmenite

	Major oxides wt.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SiO2
	
	45.82
	44.94
	46.58
	45.05
	46.37
	46.16
	46.31
	45.61
	
	23.87
	24.21
	23.96
	
	0.01
	0.03

	TiO2
	
	0.22
	0.27
	0.24
	0.25
	0.29
	0.26
	0.12
	0.18
	
	0.14
	0.11
	0.12
	
	18.16
	29.07

	Al2O3
	
	32.99
	32.69
	34.11
	33.32
	34.59
	33.9
	33.61
	33.42
	
	21.87
	22.42
	21.35
	
	0.14
	0.14

	Cr2O3
	
	bdl
	bdl
	bdl
	0.16
	0.14
	bdl
	0.04
	bdl
	
	bdl
	0.05
	0.01
	
	0.10
	bdl

	FeO
	
	2.26
	2.32
	2.09
	2.22
	2.46
	1.98
	2.32
	2.01
	
	27.67
	26.81
	32.96
	
	73.28
	65.28

	MnO
	
	0.09
	bdl
	0.06
	bdl
	bdl
	0.05
	0.01
	bdl
	
	bdl
	bdl
	0.02
	
	bdl
	0.22

	MgO
	
	0.47
	0.37
	0.41
	0.37
	0.23
	0.39
	0.46
	0.31
	
	12.17
	13.26
	8.81
	
	0.04
	0.05

	CaO
	
	0.01
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	0.01
	
	0.01
	bdl
	0.03
	
	bdl
	0.01

	Na2O
	
	1.32
	1.29
	1.41
	1.34
	1.43
	1.3
	1.32
	1.43
	
	bdl
	0.03
	0.03
	
	0.03
	bdl

	K2O
	
	9.17
	9.05
	9.49
	9.43
	9.36
	9.65
	9.37
	8.99
	
	0.02
	0.02
	0.05
	
	0.02
	0.03

	Totals
	
	92.35
	90.93
	94.39
	92.14
	94.87
	93.69
	93.56
	91.96
	
	85.75
	86.9
	87.34
	
	91.76
	94.83

	Calculated mineral formulae (apfu)*

	Oxygen
	
	11
	
	23
	
	3

	Si
	
	3.148
	3.136
	3.131
	3.110
	3.105
	3.127
	3.141
	3.138
	
	1.674
	1.676
	1.690
	
	bdl
	0.001

	Ti
	
	0.012
	0.014
	0.012
	0.013
	0.015
	0.013
	0.006
	0.009
	
	0.008
	0.006
	0.006
	
	0.363
	0.384

	Al
	
	2.672
	2.690
	2.703
	2.712
	2.730
	2.707
	2.688
	2.711
	
	1.808
	1.830
	1.776
	
	0.004
	0.003

	Cr
	
	bdl
	bdl
	bdl
	0.009
	0.007
	bdl
	0.002
	bdl
	
	bdl
	0.003
	0.001
	
	0.002
	bdl

	Fe+3
	
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	
	3.353
	3.310
	3.374
	
	1.270
	0.841

	Fe+2
	
	0.130
	0.135
	0.117
	0.128
	0.138
	0.112
	0.132
	0.116
	
	1.623
	1.552
	1.945
	
	0.358
	0.960

	Mn
	
	0.005
	bdl
	0.003
	bdl
	bdl
	0.003
	bdl
	bdl
	
	bdl
	bdl
	0.001
	
	bdl
	0.003

	Mg
	
	0.048
	0.039
	0.041
	0.038
	0.023
	0.039
	0.047
	0.032
	
	1.272
	1.368
	0.927
	
	0.001
	0.001

	Ca
	
	0.001
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	0.001
	
	0.001
	bdl
	0.002
	
	bdl
	bdl

	Na
	
	0.175
	0.175
	0.184
	0.180
	0.186
	0.171
	0.173
	0.191
	
	bdl
	0.003
	0.005
	
	0.001
	bdl

	K
	
	0.803
	0.806
	0.814
	0.831
	0.800
	0.834
	0.811
	0.789
	
	0.002
	0.002
	0.005
	
	0.001
	0.001

	Totals
	
	6.994
	6.995
	7.005
	7.021
	7.004
	7.006
	7.000
	6.987
	
	9.741
	9.750
	9.732
	
	2.000
	2.194

	Calculated end member proportions

	Mg mole %
	
	
	
	
	
	
	
	
	
	44
	47
	32
	
	
	

	Fe3+ estimates from stoichiometry; Mg mole%: [(Mg / Mg+Fe) X 100], bdl: Below detection limit




	Table S3 Electron probe microanalysis (EPMA) and structural formulae of representative minerals in WG-76
	
	
	

	Minerals
	
	Biotite
	
	
	
	Plagioclase
	
	
	Muscovite

	Major oxides wt.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SiO2
	
	35.13
	35.86
	36.39
	35.09
	35.72
	
	62.89
	62.43
	62.37
	62.48
	61.63
	
	47.55
	47.73
	45.81
	46.25

	TiO2
	
	1.31
	1.66
	1.88
	1.76
	1.61
	
	0.01
	bdl
	bdl
	0.03
	bdl
	
	0.43
	0.49
	0.40
	0.41

	Al2O3
	
	18.56
	19.87
	19.91
	19.24
	19.71
	
	24.45
	24.21
	23.87
	24.40
	24.80
	
	36.67
	35.85
	35.32
	36.06

	Cr2O3
	
	bdl
	bdl
	0.08
	bdl
	bdl
	
	0.05
	bdl
	bdl
	bdl
	bdl
	
	0.02
	bdl
	bdl
	0.07

	FeO
	
	23.26
	21.28
	19.99
	21.74
	20.87
	
	0.19
	bdl
	0.05
	0.17
	0.09
	
	1.68
	2.24
	2.01
	2.01

	MnO
	
	0.03
	0.10
	0.12
	bdl
	0.10
	
	bdl
	bdl
	bdl
	0.03
	bdl
	
	bdl
	bdl
	bdl
	bdl

	MgO
	
	8.90
	8.93
	8.98
	8.63
	8.83
	
	bdl
	bdl
	0.08
	0.01
	bdl
	
	0.76
	0.87
	0.73
	0.73

	CaO
	
	0.01
	0.02
	0.06
	bdl
	bdl
	
	5.73
	5.69
	5.44
	5.66
	6.10
	
	0.02
	0.01
	0.02
	0.01

	Na2O
	
	0.21
	0.32
	0.32
	0.34
	0.29
	
	8.62
	8.40
	8.73
	8.53
	8.21
	
	1.03
	1.16
	1.22
	1.21

	K2O
	
	8.23
	8.70
	8.69
	8.70
	8.77
	
	0.07
	0.10
	0.06
	0.09
	0.05
	
	9.58
	9.23
	9.34
	9.20

	Totals
	
	96.02
	96.75
	96.40
	95.49
	95.91
	
	102.01
	100.83
	100.60
	101.40
	100.88
	
	97.74
	97.58
	94.85
	95.95

	Calculated mineral formulae (apfu)*

	Oxygen
	
	11
	
	8
	
	11

	Si
	
	2.671
	2.694
	2.723
	2.685
	2.705
	
	2.736
	2.744
	2.750
	2.734
	2.713
	
	3.072
	3.087
	3.061
	3.045

	Ti
	
	0.075
	0.094
	0.106
	0.101
	0.092
	
	bdl
	bdl
	bdl
	0.001
	bdl
	
	0.021
	0.024
	0.020
	0.020

	Al
	
	1.664
	1.760
	1.756
	1.735
	1.759
	
	1.254
	1.255
	1.241
	1.259
	1.287
	
	2.793
	2.734
	2.782
	2.799

	Cr
	
	bdl
	bdl
	0.005
	bdl
	bdl
	
	0.002
	bdl
	bdl
	bdl
	bdl
	
	0.001
	bdl
	bdl
	0.004

	Fe+3
	
	0.211
	bdl
	bdl
	bdl
	bdl
	
	0.007
	bdl
	0.002
	0.006
	0.003
	
	bdl
	0.036
	bdl
	0.039

	Fe+2
	
	1.268
	1.337
	1.251
	1.391
	1.322
	
	bdl
	bdl
	bdl
	bdl
	bdl
	
	0.090
	0.085
	0.112
	0.071

	Mn
	
	0.002
	0.007
	0.008
	bdl
	0.007
	
	bdl
	bdl
	bdl
	0.001
	bdl
	
	bdl
	bdl
	bdl
	bdl

	Mg
	
	1.008
	0.999
	1.001
	0.985
	0.996
	
	bdl
	bdl
	0.005
	bdl
	bdl
	
	0.073
	0.084
	0.073
	0.071

	Ca
	
	0.001
	0.002
	0.005
	bdl
	bdl
	
	0.267
	0.268
	0.257
	0.266
	0.288
	
	0.001
	0.001
	0.002
	bdl

	Na
	
	0.031
	0.047
	0.046
	0.050
	0.043
	
	0.728
	0.716
	0.747
	0.724
	0.701
	
	0.129
	0.145
	0.158
	0.154

	K
	
	0.799
	0.834
	0.829
	0.849
	0.847
	
	0.004
	0.005
	0.003
	0.005
	0.003
	
	0.790
	0.762
	0.797
	0.773

	Totals
	
	7.730
	7.774
	7.730
	7.796
	7.771
	
	4.998
	4.988
	5.005
	4.996
	4.995
	
	6.970
	6.958
	7.005
	6.976

	Calculated end member proportions

	Mg mole %
	
	44
	43
	44
	41
	43
	
	
	
	
	
	
	
	
	
	
	

	Fe mole %
	
	56
	57
	56
	59
	57
	
	
	
	
	
	
	
	
	
	
	

	Ab mole %
	
	
	
	
	
	
	
	73
	72
	74
	73
	71
	
	
	
	
	

	An mole %
	
	
	
	
	
	
	
	27
	27
	26
	27
	29
	
	
	
	
	

	Fe3+ estimates from stoichiometry; Mg mole%: [(Mg / Mg+Fe) X 100]; An mole % = [ (Ca / (Ca +Na +K) X 100]; Ab mole %= [ (Na / (Ca +Na +K) X 100]; bdl : below detection limit



	Table S4 Electron probe microanalysis (EPMA) and structural formulae of representative minerals in WG-65

	Mineral
	
	Plagioclase
	
	Biotite
	
	Staurolite
	
	Chlorite
	
	Muscovite

	Major oxides wt.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SiO2
	
	64.77
	64.47
	64.29
	64.57
	
	36.11
	36.21
	36.25
	36.22
	
	27.28
	27.35
	27.21
	26.84
	
	25.04
	25.05
	25.00
	25.64
	
	45.77
	45.61
	46.22
	44.91

	TiO2
	
	bdl
	bdl
	bdl
	bdl
	
	1.53
	1.61
	1.46
	1.54
	
	0.62
	0.62
	0.60
	0.85
	
	0.12
	0.11
	0.11
	0.14
	
	0.32
	0.33
	0.37
	0.36

	Al2O3
	
	20.73
	21.09
	21.31
	20.95
	
	19.81
	20.69
	19.32
	19.20
	
	53.45
	53.46
	53.74
	52.94
	
	23.37
	23.07
	23.41
	24.02
	
	36.79
	37.33
	37.00
	36.82

	Cr2O3
	
	0.07
	bdl
	0.06
	bdl
	
	0.04
	bdl
	bdl
	0.06
	
	bdl
	bdl
	0.04
	bdl
	
	bdl
	bdl
	0.07
	0.11
	
	bdl
	0.07
	bdl
	0.04

	FeO
	
	0.04
	0.10
	bdl
	bdl
	
	16.37
	15.57
	16.01
	16.23
	
	13.21
	13.21
	12.78
	13.32
	
	21.64
	21.30
	21.25
	20.98
	
	0.64
	0.57
	0.59
	0.61

	MnO
	
	0.01
	bdl
	bdl
	bdl
	
	0.12
	0.07
	0.07
	0.18
	
	0.37
	0.25
	0.13
	0.24
	
	0.06
	0.10
	0.07
	0.13
	
	bdl
	bdl
	0.01
	bdl

	MgO
	
	bdl
	bdl
	0.02
	0.02
	
	12.07
	11.76
	12.35
	12.20
	
	2.33
	2.30
	2.17
	2.20
	
	16.54
	17.29
	17.03
	17.60
	
	0.57
	0.46
	0.51
	0.42

	CaO
	
	1.90
	2.66
	2.85
	2.28
	
	0.03
	0.04
	0.01
	0.01
	
	bdl
	bdl
	0.01
	0.02
	
	0.02
	0.04
	0.03
	0.08
	
	0.02
	0.01
	bdl
	0.04

	Na2O
	
	10.49
	10.10
	9.88
	9.96
	
	0.41
	0.40
	0.40
	0.47
	
	bdl
	bdl
	bdl
	0.04
	
	bdl
	bdl
	0.01
	0.05
	
	2.21
	2.82
	2.40
	2.73

	K2O
	
	0.07
	0.05
	0.09
	0.16
	
	8.95
	9.15
	8.96
	8.85
	
	bdl
	bdl
	bdl
	0.01
	
	0.10
	0.03
	bdl
	0.05
	
	7.97
	7.14
	7.77
	7.20

	Totals
	
	98.08
	98.47
	98.50
	97.94
	
	95.44
	95.50
	94.83
	94.96
	
	97.26
	97.19
	96.68
	96.46
	
	86.89
	86.99
	86.98
	88.80
	
	94.29
	94.34
	94.87
	93.13

	Calculated mineral formulae (apfu)*

	Oxygens
	
	8
	
	11
	
	46
	
	14
	
	11

	Si
	
	2.901
	2.881
	2.872
	2.895
	
	2.693
	2.686
	2.716
	2.714
	
	7.600
	7.619
	7.599
	7.549
	
	2.607
	2.602
	2.595
	2.598
	
	3.038
	3.017
	3.045
	3.013

	Ti
	
	bdl
	bdl
	bdl
	bdl
	
	0.086
	0.090
	0.082
	0.087
	
	0.130
	0.130
	0.126
	0.180
	
	0.009
	0.009
	0.009
	0.011
	
	0.016
	0.016
	0.018
	0.018

	Al
	
	1.095
	1.111
	1.122
	1.107
	
	1.741
	1.809
	1.706
	1.696
	
	17.554
	17.556
	17.694
	17.555
	
	2.868
	2.825
	2.864
	2.870
	
	2.879
	2.911
	2.874
	2.913

	Cr
	
	0.002
	bdl
	0.002
	bdl
	
	0.002
	bdl
	bdl
	0.004
	
	bdl
	bdl
	0.009
	bdl
	
	bdl
	bdl
	0.006
	0.009
	
	bdl
	0.004
	bdl
	0.002

	Fe+3
	
	0.001
	0.004
	bdl
	bdl
	
	bdl
	bdl
	bdl
	bdl
	
	0.154
	0.154
	0.149
	0.157
	
	bdl
	bdl
	bdl
	bdl
	
	bdl
	bdl
	bdl
	bdl

	Fe+2
	
	bdl
	bdl
	bdl
	bdl
	
	1.021
	0.966
	1.003
	1.017
	
	2.924
	2.924
	2.836
	2.977
	
	1.884
	1.850
	1.844
	1.778
	
	0.036
	0.032
	0.033
	0.034

	Mn
	
	bdl
	bdl
	bdl
	bdl
	
	0.008
	0.004
	0.004
	0.011
	
	0.087
	0.059
	0.031
	0.057
	
	0.005
	0.009
	0.006
	0.011
	
	bdl
	bdl
	0.001
	bdl

	Mg
	
	bdl
	bdl
	0.001
	0.001
	
	1.341
	1.300
	1.379
	1.362
	
	0.967
	0.955
	0.903
	0.922
	
	2.566
	2.676
	2.634
	2.658
	
	0.056
	0.045
	0.050
	0.042

	Ca
	
	0.091
	0.127
	0.136
	0.110
	
	0.002
	0.003
	0.001
	0.001
	
	bdl
	bdl
	0.003
	0.006
	
	0.002
	0.004
	0.003
	0.009
	
	0.001
	0.001
	bdl
	0.003

	Na
	
	0.911
	0.875
	0.856
	0.866
	
	0.059
	0.058
	0.058
	0.068
	
	bdl
	bdl
	bdl
	0.022
	
	bdl
	bdl
	0.002
	0.010
	
	0.284
	0.362
	0.307
	0.355

	K
	
	0.004
	0.003
	0.005
	0.009
	
	0.851
	0.866
	0.856
	0.846
	
	bdl
	bdl
	bdl
	0.004
	
	0.013
	0.004
	bdl
	0.006
	
	0.675
	0.603
	0.653
	0.616

	Totals
	
	5.007
	5.001
	4.996
	4.989
	
	7.804
	7.782
	7.805
	7.806
	
	29.416
	29.397
	29.350
	29.429
	
	9.954
	9.979
	9.963
	9.960
	
	6.985
	6.991
	6.981
	6.996

	Calculated end-member proportions

	Mg mole %
	
	
	
	
	
	57
	57
	58
	57
	
	25
	25
	24
	24
	
	58
	59
	59
	60
	
	
	
	
	

	Ab mole %
	91
	87
	86
	88
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	An mole %
	9
	13
	14
	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fe3+ estimates from stoichiometry; Mg mole%: [(Mg / Mg+Fe) X 100]; An mole %: [ (Ca / Ca +Na +K) X 100 ], bdl: below detection limit



	Table S5 Electron probe microanalysis (EPMA) and structural formulae of representative minerals in WG-16B

	Mineral
	
	Plagioclase
	
	Biotite
	
	Muscovite

	Major oxides wt.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SiO2
	
	67.15
	66.84
	67.33
	67.19
	67.33
	67.07
	67.31
	
	38.42
	38.51
	38.55
	38.82
	38.93
	38.21
	39.01
	38.76
	39.16
	
	46.55
	46.83
	46.56
	46.38
	46.5

	TiO2
	
	bdl
	bdl
	bdl
	bdl
	bdl
	0.05
	bdl
	
	0.95
	1.05
	1.04
	1
	1.02
	0.93
	0.82
	0.96
	1.12
	
	0.56
	0.38
	0.3
	0.39
	0.28

	Al2O3
	
	20.63
	20.32
	19.89
	20.02
	20.02
	19.81
	20.39
	
	18.51
	18.41
	18.64
	18.89
	18.91
	18.5
	18.98
	18.95
	19.05
	
	34.31
	34.21
	33.98
	33.83
	34.63

	Cr2O3
	
	0.05
	0.09
	bdl
	bdl
	bdl
	bdl
	bdl
	
	0.13
	0.09
	bdl
	0.11
	0.1
	0.01
	bdl
	0.03
	bdl
	
	0.07
	bdl
	bdl
	0.05
	bdl

	FeO
	
	0
	0.046
	bdl
	bdl
	bdl
	bdl
	0.05
	
	9.57
	9.63
	9.43
	9.29
	9.57
	9.23
	9.55
	9.79
	8.93
	
	1.02
	1.01
	1.2
	1.22
	1.1

	MnO
	
	bdl
	bdl
	0.01
	0.01
	bdl
	bdl
	bdl
	
	bdl
	0.12
	0.1
	0.05
	bdl
	0.05
	bdl
	bdl
	0.1
	
	bdl
	bdl
	0.04
	bdl
	0.08

	MgO
	
	bdl
	bdl
	bdl
	0.01
	bdl
	bdl
	bdl
	
	16.91
	17.09
	16.86
	16.81
	16.84
	16.5
	16.65
	16.7
	16.91
	
	0.9
	0.94
	1.02
	1.02
	0.96

	CaO
	
	1.74
	1.7
	1.38
	1.38
	1.31
	1.36
	1.56
	
	bdl
	bdl
	bdl
	bdl
	0.01
	bdl
	bdl
	bdl
	0.02
	
	bdl
	bdl
	bdl
	bdl
	bdl

	Na2O
	
	10.71
	10.64
	10.97
	10.89
	10.97
	10.88
	10.91
	
	0.43
	0.47
	0.44
	0.43
	0.44
	0.4
	0.51
	0.38
	0.48
	
	1.34
	1.25
	1.28
	1.28
	1.31

	K2O
	
	0.06
	0.08
	0.17
	0.21
	0.22
	0.21
	0.12
	
	9.24
	9.08
	9.08
	8.96
	9
	9.13
	9.02
	8.92
	9.23
	
	9.45
	9.53
	9.55
	9.82
	9.52

	Totals
	
	100.34
	99.72
	99.75
	99.71
	99.85
	99.38
	100.34
	
	94.16
	94.45
	94.14
	94.36
	94.82
	92.96
	94.54
	94.49
	95
	
	94.2
	94.15
	93.93
	93.99
	94.38

	Calculated mineral formulae (apfu)*

	Oxygen
	
	8
	
	11
	
	11

	Si
	
	2.933
	2.939
	2.958
	2.954
	2.956
	2.958
	2.942
	
	2.805
	2.803
	2.809
	2.816
	2.813
	2.819
	2.825
	2.812
	2.819
	
	3.118
	3.136
	3.132
	3.125
	3.111

	Ti
	
	bdl
	bdl
	bdl
	bdl
	bdl
	0.002
	bdl
	
	0.052
	0.058
	0.057
	0.055
	0.055
	0.051
	0.045
	0.052
	0.061
	
	0.028
	0.019
	0.015
	0.020
	0.014

	Al
	
	1.062
	1.053
	1.031
	1.038
	1.036
	1.030
	1.050
	
	1.593
	1.579
	1.601
	1.615
	1.611
	1.609
	1.621
	1.620
	1.616
	
	2.709
	2.701
	2.694
	2.687
	2.732

	Cr
	
	0.002
	0.003
	bdl
	bdl
	bdl
	bdl
	bdl
	
	0.007
	0.005
	0.000
	0.006
	0.006
	0.001
	bdl
	0.002
	bdl
	
	0.003
	bdl
	bdl
	0.003
	bdl

	Fe+3
	
	bdl
	0.002
	bdl
	bdl
	bdl
	bdl
	0.002
	
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	
	bdl
	bdl
	bdl
	bdl
	bdl

	Fe+2
	
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	
	0.584
	0.586
	0.574
	0.563
	0.578
	0.569
	0.578
	0.594
	0.537
	
	0.057
	0.057
	0.067
	0.069
	0.062

	Mn
	
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	bdl
	
	bdl
	0.007
	0.006
	0.003
	bdl
	0.003
	bdl
	bdl
	0.006
	
	bdl
	bdl
	0.002
	bdl
	0.004

	Mg
	
	bdl
	bdl
	bdl
	0.001
	bdl
	bdl
	bdl
	
	1.840
	1.854
	1.831
	1.817
	1.813
	1.814
	1.798
	1.805
	1.814
	
	0.090
	0.094
	0.103
	0.102
	0.096

	Ca
	
	0.081
	0.080
	0.065
	0.065
	0.062
	0.064
	0.073
	
	bdl
	bdl
	bdl
	bdl
	0.001
	bdl
	bdl
	bdl
	0.001
	
	bdl
	bdl
	bdl
	bdl
	bdl

	Na
	
	0.907
	0.907
	0.935
	0.928
	0.934
	0.931
	0.925
	
	0.061
	0.066
	0.063
	0.060
	0.062
	0.057
	0.071
	0.054
	0.067
	
	0.174
	0.163
	0.167
	0.167
	0.170

	K
	
	0.004
	0.005
	0.009
	0.012
	0.012
	0.012
	0.007
	
	0.861
	0.843
	0.844
	0.829
	0.829
	0.859
	0.834
	0.825
	0.847
	
	0.807
	0.814
	0.820
	0.844
	0.813

	Totals
	
	4.989
	4.989
	4.998
	4.998
	5.000
	4.997
	4.999
	
	7.803
	7.801
	7.785
	7.764
	7.768
	7.782
	7.772
	7.764
	7.768
	
	6.988
	6.983
	7.000
	7.017
	7.001

	Calculated end member proportions

	An mole%
	
	8
	8
	6
	6
	6
	6
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ab mole%
	
	91
	91
	93
	92
	93
	92
	92
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mg mole%
	
	
	
	
	
	
	
	
	
	76
	76
	76
	76
	76
	76
	76
	75
	77
	
	
	
	
	
	

	Fe mole%
	
	
	
	
	
	
	
	
	
	24
	24
	24
	24
	24
	24
	24
	25
	23
	
	
	
	
	
	

	Fe3+ estimates from stoichiometry; Mg mole%: [(Mg / Mg+Fe) X 100]; An mole % = [ (Ca / (Ca +Na +K) X 100]; Ab mole %=[ (Na / (Ca +Na +K) X 100 ], bdl : below detection limit







Table S6 Electron microprobe analyzed data of selected Monazite grains, Structural formulae (based on the 4 oxygen per formula unit), spot ages with 2 sigma errors. Three end members of monazite i.e., monazite, cheralite, huttonite from Metasedimentary rocks
	Grain No.
	Grain no.1
	 Grain no.2
	Grain no.3
	Grain no.4
	 Grain no. 5

	Spot No.
	9
	10(1)
	5
	19
	21
	66b
	69b
	3a
	4a

	SiO2
	0.18
	0.29
	0.00
	0.21
	0.18
	0.22
	0.28
	0.30
	0.32

	Al2O3
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.02
	0.06

	CaO
	1.35
	0.81
	0.00
	1.54
	1.01
	0.68
	0.78
	0.95
	0.98

	P2O5
	26.89
	25.30
	20.51
	27.20
	27.43
	29.64
	29.55
	30.14
	31.87

	La2O3
	13.99
	14.91
	14.10
	14.16
	14.05
	13.76
	12.89
	12.30
	11.73

	Ce2O3
	27.21
	27.10
	26.65
	26.96
	27.47
	28.80
	27.84
	26.94
	27.08

	Pr2O3
	3.86
	3.82
	4.29
	3.81
	3.97
	3.61
	3.72
	3.61
	3.75

	Nd2O3
	11.30
	10.88
	12.15
	11.42
	12.06
	14.17
	14.55
	14.41
	14.83

	Eu2O3
	0.74
	0.76
	1.32
	0.79
	0.85
	0.62
	0.73
	0.74
	0.77

	Gd2O3
	2.12
	2.13
	2.66
	1.91
	2.01
	1.43
	1.69
	1.71
	1.72

	PbO
	0.19
	0.19
	0.32
	0.19
	0.18
	0.07
	0.08
	0.12
	0.11

	ThO2
	5.81
	6.14
	9.06
	6.21
	4.67
	2.72
	3.57
	4.13
	4.48

	UO2
	1.17
	0.81
	1.28
	0.88
	0.85
	0.03
	0.06
	0.03
	0.07

	Y2O3
	1.60
	1.43
	1.51
	1.35
	1.47
	0.02
	0.08
	0.02
	0.06

	Sm2O3
	2.41
	2.35
	3.00
	2.46
	2.60
	2.40
	2.62
	2.54
	2.72

	Dy2O3
	0.79
	0.74
	1.06
	0.62
	0.67
	0.01
	0.02
	0.01
	0.05

	Total
	99.63
	97.63
	97.92
	99.71
	99.48
	98.17
	98.48
	97.96
	100.61

	Age (Ma)
	474
	506
	559
	487
	579
	616
	515
	642
	560

	2σ error
	20
	22
	16
	21
	25
	96
	73
	68
	62

	Cations
	
	
	
	
	
	
	
	
	

	Si
	0.007
	0.013
	0.000
	0.008
	0.007
	0.009
	0.011
	0.012
	0.012

	Al
	0.000
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	0.001
	0.003

	Ca
	0.060
	0.037
	0.054
	0.068
	0.045
	0.029
	0.033
	0.040
	0.040

	P
	0.944
	0.924
	0.818
	0.949
	0.957
	1.004
	1.001
	1.014
	1.029

	La
	0.214
	0.237
	0.245
	0.215
	0.214
	0.203
	0.190
	0.180
	0.165

	Ce
	0.413
	0.428
	0.460
	0.407
	0.414
	0.422
	0.408
	0.392
	0.378

	Pr
	0.058
	0.060
	0.074
	0.057
	0.060
	0.053
	0.054
	0.052
	0.052

	Nd
	0.167
	0.168
	0.204
	0.168
	0.178
	0.203
	0.208
	0.205
	0.202

	Eu
	0.000
	0.000
	0.000
	0.000
	0.000
	0.008
	0.010
	0.010
	0.010

	Gd
	0.029
	0.030
	0.042
	0.026
	0.027
	0.019
	0.022
	0.023
	0.022

	Pb
	0.009
	0.009
	0.013
	0.007
	0.007
	0.001
	0.001
	0.001
	0.001

	Th
	0.055
	0.060
	0.097
	0.058
	0.044
	0.025
	0.033
	0.037
	0.039

	U
	0.011
	0.008
	0.013
	0.008
	0.008
	0.000
	0.001
	0.000
	0.001

	Y
	0.035
	0.033
	0.038
	0.030
	0.032
	0.000
	0.002
	0.000
	0.001

	Sm
	0.034
	0.035
	0.049
	0.035
	0.037
	0.033
	0.036
	0.035
	0.036

	Dy
	0.011
	0.010
	0.016
	0.008
	0.009
	0.000
	0.000
	0.000
	0.001

	Total
	2.048
	2.051
	2.123
	2.046
	2.039
	2.010
	2.011
	2.003
	1.992

	X Hutt.
	0.111
	0.096
	0.126
	0.116
	0.089
	0.052
	0.063
	0.075
	0.078

	X Cher.
	0.099
	0.063
	0.077
	0.111
	0.077
	0.055
	0.063
	0.076
	0.078

	X Mon.
	0.791
	0.841
	0.797
	0.773
	0.834
	0.893
	0.874
	0.849
	0.844





[image: ]Figure S1 Profile of garnet porphyroblast in sample WG-66B as determined by X-ray mapping and major element zoning. a-d X-ray maps illustrating Fe, Ca, Mg, and Mn changes from core to rim e BSE image of garnet porphyroblast surrounded by mica biotite.

[image: ]Figure S2 The modal abundances of garnet-chlorite, biotite-mica and staurolite is shown in a, b, and c respectively.
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Figure S3 BSE images exhibiting microstructure of monazite grains are presented in the top row. The ThO2 content of the monazite grains and the spot ages (in Ma) are shown in the middle and bottom rows accordingly.

	
[image: ]Figure S4 Weighted mean age is presented for the studied monazite grains from Jutogh metasediments. Inset is the probability density plot for the studied samples.




















	


	S.No.
	Authors
	Pan-African Events (Ages in Ma)

	1-6: Turkey
	

	1
	Ustaömer et al. 2009
	531±4, 546±6

	2
	Koralay et al. 2012
	552±7 

	3
	Gessner et al. 2004
	541±14

	4
	Hasözbek altug et al. 2010
	543±10

	5
	Koralay et al.  2004
	562±0.8

	6
	Hetzel et al. n.d.
	551±1

	7-16: Iran
	

	7
	Ramezani & Tucker 2003
	548±2

	8
	Fergusson et al. 2016
	547 ± 32 Ma

	9
	Nutman et al. 2014
	568±11

	10
	Shakerardakani et al. 2015
	588±41

	11
	Hassanzadeh et al. 2008
	544±29

	12
	Shabanian et al. 2018
	549±13

	13
	Moghadam et al. 2017
	525.6 ± 4

	14
	Moghadam et al. 2016
	547.3 ± 65

	15
	Balaghi Einalou et al. 2014
	537.7 ± 4.7

	16
	Mollai et al. 2022
	546 ± 3.7

	17-21: Lasa-Sibumasu
	

	17
	Chen et al. 2019
	592±29; 625 ± 4; 618 ± 4

	18
	Dong et al. 2010
	496±8

	19
	Zhang et al. 2012
	485±13

	20
	Lin et al. 2013
	502±8

	21
	Zhu et al. 2012
	492±4

	22-26: South China
	

	22
	Li et al. 2017
	533±7Ma

	23
	Zhang et al. 2021
	654.7±6.2

	24
	Duan et al. 2012
	552.5±3.5

	25
	Liu et al. 2009
	502±5

	26
	Song et al. 2007
	487±11

	27-29: North China
	

	27
	Yang et al. 2014
	541±7; 513±7

	28
	Wilde et al. 2003
	501±18; 505 ± 4

	29
	Yang et al. 2012
	 500±10


Table S7 This table lists the various pan-African magmatic events and their respective authors. On the following page, references for each of the tabulated events are provided.
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