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Supplementary Material 1
 Application of Site Total Charge (STC) method (Bosi et al., 2019a,b) in pyrochlore group minerals from Sevattur.
Considering an empirical formula among the zero-valence-dominant pyrochlores (Table 2; composition 14)
A(□0.87Ba2+0.28Sr2+0.09Pb2+0.04Fe2+0.03Ca0.19U4+0.51)Ʃ2B(Nb5+1.44Ta5+0.20Ti4+0.23Si4+0.13)Ʃ2XO6Y(O0.47□0.53)Ʃ1 
According to the dominant valence rule, the end-member formula is (□2Nb2O6□)2- which is not charged balanced. However, in the recent pyrochlore classification (Atencio et al., 2010), it is suggested to represent the end-member formula as [(□,#)2Nb2O6], where “#” means a minor charge balancing component. We apply STC methods to determine the most abundant end-member composition and derive a single charged balanced end-member formula.
STC(A) = +3.29 (+3); STC(B) = +9.64 (+10); STC(X) = -12; STC(Y) = -0.93(-1)
All the possible charge and atomic arrangements compatible with AƩ3+ are as follows
A(□1.25 R4+0.75) Ʃ3+	→	(□1.25 U4+0.75)Ʃ3+0.68 = 1.36 apfu (limited by U contents)
A(R2+1.5□0.5) Ʃ3+	→	(Ba2+1.5□0.5) Ʃ3+0.41 = 0.82 apfu (limited by Ba, Sr, Pb, Fe and Ca contents)
The total charge of B- and X-site is consistent with the arrangement Nb2 and OH- (for charge balancing), respectively
[bookmark: _heading=h.gjdgxs]Therefore the most abundant atomic arrangement is A(□1.25U0.75)Ʃ3+ and B(Nb5+2)Ʃ10+. Thus, the correct end-member formula is (□1.25U0.75)Nb2O6OH (see below) for the species name hydroxykenopyrochlore/hydroxyhydropyrochlore.
Supplementary Table 1. Determination of end-member formula of pyrochlore using site total charge (STC) method.
	Serial No.
	STC(A)(+)
	STC(B)(+)
	STC(X)(-)
	STC(Y)
(-)
	End-member formula
	*Species name
	Atencio et al., 2010 

	1
	4.21(4)
	9.57(10)
	12
	1.11(1)
	$Pb2Nb2O6O
	-
	oxyplumbopyrochlore

	2
	3.67(4)
	9.46(9)
	12
	1.13(1)
	$Pb2Nb2O6O
	-
	oxyplumbopyrochlore

	3
	4.15(4)
	9.63(10)
	12
	1.78(2)
	$Ca2Nb2O6O
	-
	oxycalciopyrochlore

	4
	4.35(4)
	9.47(9)
	12
	1.82(2)
	$Ca2Nb2O6O
	-
	oxycalciopyrochlore

	5
	3.08(3)
2
	9.08(9)
10
	12
12
	0.16(0)
	(□1.25U0.75)(NbTi)O6□
(□1.5U0.5)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	6
	4.26(4)
	9.28(9)
	12
	1.55(2)
	$Ca2Nb2O6O
	-
	oxycalciopyrochlore

	7
	3.77(4)
	9.34(9)
	12
	1.11(1)
	$Ca2Nb2O6O
	-
	oxycalciopyrochlore

	8
	2.84(3)
2
	9.29(9)
10
	12
12
	0.13(0)
0
	(Ca1.5□0.5)(NbSi)O6□
(Ca□)Nb2O6□
	kenocalciopyrochlore/
hydrocalciopyrochlore
	    kenocalciopyrochlore/
hydrocalciopyrochlore

	9
	4.62 (5)
	9.28 (9)
	12
	1.90(2)
	$Ca2Nb2O6O
	-
	oxycalciopyrochlore

	10
	3.41(3)
2
	9.10(9)
10
	12
12
	0.5(0)
0
	(□1.25U0.75)(NbTi)O6□
(□1.5U0.5)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	11
	3.68(4)
	9.61(10)
	12
	1.29(1)
	$Ba2Nb2O6O
	-
	oxybariopyrochlore

	12
	2.77(3)
2
	9.11(9)
10
	11.88(12)
12
	Nil
	(Ba1.5□0.5)(NbSi)O6□
(□Ba)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	13
	2.36(2)
2
	8.97(9)
10
	11.33(11)
12
	Nil
	(Ba□)(NbSi)(O5OH)□
(Ba□)Nb2O6□
	kenobariopyrochlore/
hydrobariopyrochlore
	kenobariopyrochlore/
hydrobariopyrochlore

	14
	3.29(3)
	9.64(10)
	12
	0.93(1)
	(□1.25U0.75)Nb2O6OH
	hydroxykenopyrochlore/
hydroxyhydropyrochlore
	kenopyrochlore/
hydropyrochlore

	15
	1.57(2)
2
	9.23(9)
10
	10.80(11)
12
	Nil
	(□Ba)(NbSi)(O5OH)□
(□Ba)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	16
	1.96(2)
2
	8.22(8)
10
	10.19(10)
12
	Nil
	 #(□Ca)Si2(O4OH2)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	17
	1.50(2)
0
	8.10(8)
10
	9.60(10)
10
	Nil
	#(□Ca)Si2(O4OH2)□
(□)2Nb2(O4OH2)□
	kenopyrochlore/
hydropyrochlore
	-

	18
	2.09(2)
0
	8.17(8)
10
	10.26(10)
10
	Nil
	#(□Ca)Si2(O4OH2)□
#Ca2Si2O6□
	kenopyrochlore/
hydropyrochlore
	-

	19
	2.15(2)
2
	8.92(9)
10
	11.07(11)
12
	Nil
	(□Ca)(NbSi)O5OH
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	20
	2.27(2)
2
	8.86(9)
10
	11.13(11)
12
	Nil
	(□Ca)(NbSi)O5OH
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	3A-1
	1.36(1)
0
	9.23(9)
10
	10.59(10)
10
	Nil
	(□1.5Ca0.5)(NbSi)O4OH2
(□)2Nb2(O4OH2)
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	3A-2
	1.75(2)
2
	9.31(9)
10
	11.06(11)
12
	Nil
	(□Ca)(NbSi)O5OH
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	5A
	2.59(3)
2
	8.93(9)
10
	11.52(12)
12
	Nil
	(Ca1.5□0.5)(NbSi)O6□
(□Ca)Nb2O6□ 
	kenopyrochlore/
hydropyrochlore
	-

	HA-1
	1.52(2)
2
	9.06(9)
10
	10.59(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	HA-2

	1.70(2)
2
	9.01(9)
10
	10.71(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	HA-3
	1.60(2)
2
	9.19(9)
10
	10.79(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	HA-4
	1.98(2)
2
	9.20(9)
10
	11.18(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	10A
	1.85(2)
2
	8.53(9)
10
	10.38(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	21
	3.31(3)
2
	8.93(9)
10
	12
12
	0.24(0)
0
	(□1.25U0.75)(NbTi)O6□
(□1.5U0.5)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	kenopyrochlore/
hydropyrochlore

	22
	1.83(2)
2
	8.51(9)
10
	10.34(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	23
	1.89(2)
2
	8.52(9)
10
	10.51(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	24
	1.88(2)
2
	8.56(9)
10
	10.45(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	25
	1.93(2)
2
	8.50(9)
10
	10.43(11)
12
	Nil
	(□Ca)(NbSi)(O5OH)□
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	26
	1.88(2)
2
	8.44(8)
10
	10.33(10)
12
	Nil
	#(□Ca)Si2(O4OH2)(□)
(□Ca)Nb2O6□
	kenopyrochlore/
hydropyrochlore
	-

	27
	1.79(2)
0
	8.38(8)
10
	10.16(10)
10
	Nil
	[bookmark: _Hlk67764650]#(□Ca)Si2(O4OH2)(□)
(□)2Nb2(O4OH2)
	kenopyrochlore/
hydropyrochlore
	-



1–2: pyrochlore-I; 3–6: pyrochlore-IIa; 7–8: pyrochlore-IIb; 9–10: pyrochlore-III; 11–15: pyrochlore-IV; 16–20: pyrochlore-V. 3A-1 and 3A-2: altered Pcl-IIa; 5A: altered Pcl-IIa; HA (1–5): highly altered Pcl-IIa; 10A: altered Pcl-III; 21–27: Pcl-V. Pyrochlore formula is calculated based on the assumption that all Fe = Fe2+, no molecular H2O present and OH- is calculated empirically to maintain the charge balance.

$Note that STC is not applied when a single charge-balanced end-member formula is obtained using the existing pyrochlore classification (Atencio et al., 2010). Red coloured formulae are not ideal end-members, having multiple site occupancy at more than one site (Hawthorne, 2002).

*Species name in accordance with the end-member formula obtained by STC method (Bosi et al., 2019a, b).

#End-member formula with Si-dominant at B-site [(Ca2Si2O6□); (□Ca)Si2(O4OH2)(□)]  is not possible and hence not considered to write the chemical reaction involving Pcl-V (reactions 12 and 13).


References
Atencio D., Andrade M.B., Christy A.G., Gieré R. and Kartashov P.M. (2010) The pyrochlore supergroup of minerals: nomenclature. The Canadian Mineralogist, 48, 673–698.
Bosi F., Biagioni C. and Oberti R. (2019a) On the chemical identification and classification of minerals. Minerals, 9, 591.
Bosi F., Hatert F., Hålenius U., Pasero M., Miyawaki R., and Mills S.J. (2019b) On the application of the IMA-CNMNC dominant-valency rule to complex mineral compositions. Mineralogical Magazine, 83, 627–632.
Hawthorne F.C. (2002) The use of end-member charge-arrangements in defining new mineral species and heterovalent substitutions in complex minerals. The Canadian Mineralogist, 40, 699–710.


[bookmark: _GoBack]





