Supplementary 1. Chemical compositions, β0-90° values, degrees of ordering (m), intersite distribution coefficients (K1–2) and space groups of low symmetry grandite samples. 

	Sample
	Chemical composition
	β0-90°
	m*
	K1–2*
	Space g.
	Ref.

	Moravia, Czechoslovakia
	(Ca2.96Fe0.04)3.00(Al1.60Fe0.40)2.00(Si2.94Al0.06)3.00O12
	0.07(1)
	0.275
	2.02
	Fddd
	(1)

	Munam, North Korea
	(Ca2.91Mn0.05Fe0.04)3.00(Al1.33Fe0.65Ti0.02)2.00(Si2.97Al0.03)3.00O12
	0.12(1)
	0.293
	2.46
	I‾1
	

	Kamaishi, Japan
	(Ca2.98Mn0.02)3.00(Fe1.16Al0.84)2.00(Si2.93Al0.07)3.00O12
	0.07(1)
	0.12
	1.78
	Fddd
	

	Hortsavinya, Spain
	Ca2.76Mg0.14Mn0.02Fe0.94Al1.01Ti0.00Si3.08O12
	0.10(1)
	n. c.
	n. c.
	Fddd
	(2)

	Eden Mills, USA (a)
	Grs90Adr6Alm4
	-0.04(1)
	n. c.
	n. c.
	I‾1
	(3)

	Sonoma Range, USA
	(Ca2.97Mn0.03)3.00(Fe1.88Al0.12)2.00Si3.00O12
	~0
	0.045
	7.30
	I‾1
	(4)

	Bazhenovskoe-2, Russia
	Fe/(Fe+Al)=0.58
	0.29(2)
	0.473
	13.92
	Fddd
	(5)

	Dinaboko, Mali
	Fe/(Fe+Al)=0.23
	0.12(2)
	0.737
	9.56
	I‾1
	

	Yamansu, China
	(Ca2.82Fe0.18)3.00(Fe1.02Al0.98)2.00Si3O12
	-0.6(1)
	0.244
	2.76
	I‾1
	(6)

	Kayas, Mali
	{110}c: (Ca2.96Mg0.04Mn0.04)3.04(Fe0.97Al0.95Ti0.11)2.03Si2.93O12
	0.098(9)
	n. c.
	n. c.
	I‾1
	(7)

	
	{211}c: (Ca2.91Mg0.05Mn0.03)2.99(Fe1.01Al0.90Ti0.14)2.05Si2.93O12
	0.01(4)
	n. c.
	n. c.
	I‾1
	

	Eden Mills, USA (b)
	bright lamella: (Ca2.97Mn0.06)3.03(Al1.59Fe0.37Ti0.01)1.97Si3.00O12
	-0.01(1)
	n. c.
	n. c.
	Fddd
	(8)

	
	dark host: (Ca2.99Mn0.06)3.05(Al1.73Fe0.26Ti0.01)2.00(Si2.97OH0.03)3.00O12
	
	n. c.
	n. c.
	
	


References: (1) Takéuchi et al. (1982); (2) Gali (1984); (3) Allen and Buseck (1988); (4) Kingma and Downs (1989); (5) Frank-Kamenetskaya et al. (2007); (6) Kobayashi et al. (2013); (7) Nakamura et al. (2016); and (8) Badar et al. (2016). Mineral names abbreviations were taken from nomenclature by Whitney and Evans (2010). 
*-all of the presented values are from Shtukenberg et al. (2005), except for the Yamansu sample (Kobayashi et al., 2013)
n. c.-not calculated

Supplementary 2. Atom parameters (in Å) and calculated Ca and Al sof’s (at. %) for the cubic Ia‾3d space group (without and with constraints). 
	Site
	Ia‾3d
	Ia‾3da

	
	Coord.
	sof’s
	Coord.
	sof’s

	24c
	Ca
	x
	0.125
	0.20

(1)*
	0.125
	0.245

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	
	Mn
	x
	0.125
	0.05

(1)
	0.125
	0.005

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	16a
	Al
	x
	0.000
	0.140

(2)
	0.000
	0.107

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	
	Fe
	x
	0.000
	0.027

(2)
	0.000
	0.060

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	24d
	Si
	x
	0.375
	0.250

(0)
	0.375
	0.250

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	96h
	O
	x
	0.0404(8)
	1.000

(0)
	0.0387(6)
	1.000

(0)

	
	
	y
	0.0463(6)
	
	0.0448(6)
	

	
	
	z
	0.6603(6)
	
	0.6541(5)
	

	Ca
	80(5)
	98

	Al
	84(1)
	64


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
Supplementary 3. Selected distances (in Å) and angles (in °) for the cubic Ia‾3d space group (without and with constraints).
	distances
	Ia‾3d
	Ia‾3da
	angles
	Ia‾3d
	Ia‾3da

	Si–O(1)
	4$
	1.570(4)*
	1.628(2)
	
	
	
	

	O(1)–O(2)
	2
	2.406(5)
	2.523(3)
	O(1)–Si–O(2)
	2
	100.1(3)
	101.6(2)

	O(1)–O(3)
	4
	2.639(5)
	2.723(3)
	O(1)–Si–O(3)
	4
	114.4(4)
	113.5(2)

	<O–O>tet
	2.561(5)
	2.656(3)
	<O–Si–O>
	109.6(4)
	109.5(2)

	Y–O(1)
	6
	2.046(4)
	1.968(2)
	
	
	
	

	O(1)–O(4)
	6
	2.939(5)
	2.823(3)
	O(1)–Y–O(4)
	6
	91.8(2)
	91.7(2)

	O(1)–O(5)
	6
	2.848(5)
	2.742(3)
	O(1)–Y–O(5)
	6
	88.2(2)
	88.3(2)

	<O–O>oct
	2.894(5)
	2.782(3)
	<O–Y–O>
	90.0(2)
	90.0(2)

	X(1)–O(4)
	4
	2.310(4)
	2.324(2)
	
	
	
	

	X(2)–O(4)
	4
	2.511(4)
	2.513(2)
	
	
	
	

	<X–O>
	2.410(4)
	2.418(2)
	
	
	
	

	Δ(X–O)
	0.201(4)
	0.189(2)
	
	
	
	

	O(1)–O(2)
	2
	2.406(5)
	2.523(3)
	O(1)–X(2)–O(2)
	2
	62.8(2)
	65.8(1)

	O(1)–O(4)
	4
	2.939(5)
	2.823(3)
	O(1)–X(2)–O(4)
	4
	75.0(2)
	71.3(1)

	O(4)–O(6)
	4
	2.886(5)
	2.967(3)
	O(4)–X(2)–O(6)
	4
	73.4(2)
	75.6(1)

	O(4)–O(7)
	2
	2.878(5)
	2.891(3)
	O(4)–X(2)–O(7)
	2
	70.0(2)
	70.2(1)

	O(1)–O(7)
	4
	3.410(5)
	3.452(3)
	O(1)–X(2)–O(7)
	4
	90.0(2)
	91.0(1)

	O(8)–O(7)
	2
	4.200(5)
	4.169(3)
	O(8)–X(2)–O(7)
	2
	113.5(2)
	112.1(2)

	<O–O>dod
	3.106(5)
	3.119(3)
	<O–X(2)–O>
	80.3(2)
	80.4(1)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
$-Frequency of occurrences

Supplementary 4. Unit cell dimensions and calculated Ca and Al sof’s (at. %) for all of the studied space groups and mixtures (without and with constraints). 
	Space group
	$
	SCOR
	a0 (Å)
	b0 (Å)
	c0 (Å)
	α0 (°)
	β0 (°)
	γ0 (°)
	V0 (Å3)
	Ca sof’s
	Al sof’s

	Ia‾3d (230)#
	117
	2.3375
	11.9188(6)*
	
	
	
	
	
	1693.2(1)
	78(5)
	84(1)

	Ia‾3da
	115
	2.5362
	11.9191(7)
	
	
	
	
	
	1693.3(2)
	98
	64

	Mix
	Ia‾3d1
	125
	2.2973
	11.9161(7)
	
	
	
	
	
	1692.0(2)
	84(12)
	94(2)

	
	Ia‾3d2
	
	
	11.926(1)
	
	
	
	
	
	1696.3(2)
	92(24)
	78(4)

	Mixa
	Ia‾3d1a
	122
	2.3689
	11.9192(6)
	
	
	
	
	
	1693.3(1)
	98
	83(1)

	
	Ia‾3d2a
	
	
	11.938(2)
	
	
	
	
	
	1701.5(5)
	98
	45(1)

	I‾43d (220)
	122
	2.3282
	11.9189(5)
	
	
	
	
	
	1693.2(1)
	82(6)
	85(2)

	I4132 (214)
	123
	2.3030
	11.9189(5)
	
	
	
	
	
	1693.2(1)
	80(16); 80(16)
	84(2)

	P4132 (213)
	135
	2.2841
	11.9189(5)
	
	
	
	
	
	1693.2(1)
	80(18); 82(16)
	87(6); 81(6)

	Mix
	P41321b
	143
	2.2865
	11.9189(5)
	
	
	
	
	
	1693.2(1)
	80(16); 84(14)
	87(6); 81(9)

	
	Ia‾3d2b
	
	
	11.970(4)
	
	
	
	
	
	1714(1)
	80(120)
	144(30)

	Ia‾3 (206)
	123
	2.2482
	11.9187(5)
	
	
	
	
	
	1693.1(1)
	82(6)
	78(6); 96(6)

	I213 (199)
	134
	2.2703
	11.9189(5)
	
	
	
	
	
	1693.2(1)
	80(40); 80(40)
	84(9); 87(9)

	I41/acd (142)
	127
	2.3217
	11.9197(9)
	
	11.917(1)
	
	
	
	1693.2(2)
	64(14); 96(4)
	85(2)

	I41/a (88)
	142
	2.2030
	11.9200(7)
	
	11.9171(9)
	
	
	
	1693.2(2)
	112(3); 92(6)
	84(10); 90(12)

	R‾3c (167)
	134
	2.1962
	16.852(1)
	
	10.3252(9)
	
	
	120
	2539.4(3)
	100(4); 80(20)
	78(12); 84(4)

	R‾3ca
	131
	2.4445
	16.852(2)
	
	10.326(1)
	
	
	120
	2539.6(4)
	98; 98
	53(1); 74(2)

	R‾3 (148)
	155
	2.1321
	16.852(1)
	
	10.3255(8)
	
	
	120
	2539.4(3)
	110(20); 70(20)
	78(36), 2.11(8)@; 78(36), 2.11(7)@;

80(20), 2.05(7)@; 80(20), 2.06(7)@

	R‾3a
	151
	2.3527
	16.850(1)
	
	10.3276(7)
	
	
	120
	2539.2(3)
	98; 98
	62(2); 66(2); 64(2); 64(2)

	Ibca (73)
	143
	2.2641
	11.9183(7)
	11.918(4)
	11.921(5)
	
	
	
	1693.2(9)
	100(8); 98(4); 104(8)
	80(12); 94(12)

	Fddd (70)
	144
	2.2850
	16.874(1)
	16.849(1)
	11.9137(7)
	
	
	
	3387.2(4)
	88(8); 104(12); 109(3)
	80(8); 84(8)

	Fddda
	140
	2.4584
	16.874(1)
	16.850(1)
	11.9133(8)
	
	
	
	3387.2(5)
	98; 98; 98
	62(10); 66(10)

	Pbca (61)
	177
	2.3464
	11.922(2)
	11.911(1)
	11.923(5)
	
	
	
	1693.1(4)
	100(10); 114(7); 95(9)
	80(20); 80(20); 80(20)

	I2/a (15)
	176
	2.2187
	10.330(1)
	16.849(2)
	10.318(1)
	
	109.43(1)
	
	1693.5(3)
	102(18); 100(10);

112(18); 100(10)
	80(40); 80(40);

80(40); 80(40)

	I2/b (15)
	175
	2.3647
	11.920(2)
	11.924(2)
	11.9119(8)
	
	90.074(5)
	
	1693.1(4)
	100(14); 86(10);

100(10); 110(10)
	80(40); 80(40);

80(40); 80(40)

	I2/c (15)
	176
	1.9602
	10.3258(5)
	16.849(3)
	10.342(1)
	
	70.445(5)
	
	1695.4(3)
	78(8); 92(10);

103(5); 105(5)
	98(16); 104(14);

102(14); 88(12)

	I2/ca
	170
	2.5968
	10.3250(6)
	16.851(1)
	10.3287(9)
	
	70.439(4)
	
	1693.3(2)
	98; 98;

98; 98
	60(3), 1.961(5)@; 68(3), 1.960(5)@;

69(2), 1.960(4)@; 59(2), 1.959(4)@

	C2/c (15)
	175
	2.1433
	16.861(2)
	11.9205(6)
	11.910(1)
	
	134.97(1)
	
	1693.5(3)
	106(14); 98(10);

97(6); 108(7)
	100(20); 98(18);

120(20); 100(20)

	C2/ca
	169
	2.4806
	16.860(1)
	11.9201(7)
	11.9074(9)
	
	134.981(6)
	
	1692.7(2)
	98; 98;

98; 98
	68(16), 1.957(5)@; 60(16), 1.962(5)@;

70(16), 1.962(5)@; 60(16), 1.962(5)@

	I‾1 (2)
	145
	2.7890
	11.927(2)
	11.910(2)
	11.920(1)
	90.01(2)
	90.081(9)
	89.98(2)
	1693.4(4)
	120(50); 100(30);

90(20); 110(50);

110(20); 100(30)
	80(100); 80(80); 80(100); 
80(80); 80(80); 80(120);

80(100); 80(80)

	I‾1a
	135
	3.2658
	11.926(2)
	11.909(1)
	11.921(1)
	89.99(1)
	90.076(8)
	90.03(1)
	1693.0(4)
	98; 98;

98; 98; 

98; 98
	80(40); 60(40); 80(40); 
60(40); 60(80); 60(80);

60(60); 60(60)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number
 #-Numbers in parentheses after space groups in first column represent adequate number of the space group (Hahn, 1983)
$-Number of parameters varied in the last cycle of the refinements. For the triclinic I‾1 space group, instead of 100 parameters for the background description, it was used 6 Chebyschev’s polynomial parameters, and there were omitted 2θ region from 4° to 10°
a-with constraints
1-phase 1, with 64(4) % content; 2-phase 2, with 36(3) % content

1a-phase 1, with 86(5) % content; 2a-phase 2, with 14(3) % content

1b-phase 1, with 97(5) % content; 2b-phase 2, with 3(1) % content
@-corresponding Y–O distances (in Å)
Supplementary 5. Calculated 4 × c0/a0 and α values for the rhombohedral R‾3c and R‾3 space groups (without and with constraints). 
	Space group
	4 × c0/a0
	α (°)

	R‾3c
	2.45080
	59.976

	R‾3ca
	2.45098
	59.972

	R‾3
	2.45087
	59.974

	R‾3a
	2.45166
	59.960


a-with constraints
Supplementary 6. Criterions (I) for the space group determination. Distances are given in Å; and Al and Ca sof’s in at. %. 

	criterion
	12 2 2
	888
	ΔAl
	<Si–O>
	<Y–O>
	Al sof
	<X–O>
	Ca sof
	<D–O>
	RB (%)
	Rf (%)

	expected
	≥2
	≥2
	Y
	1.644(2)
	1.960(2)
	64
	2.415(2)
	98
	2.108(2)
	<9.23
	<7.69

	Ia‾3d
	1
	1
	N
	1.570(4)*
	2.046(4)
	84(1)
	2.410(4)
	78(5)
	2.109(4)
	9.23
	7.69

	I‾43d
	1
	1
	N
	1.58(1)
	2.05(2)
	85(2)
	2.41(1)
	82(6)
	2.11(1)
	8.91
	7.48

	I4132
	1
	1
	N
	1.57(2)
	2.05(2)
	84(2)
	2.41(1)
	80(16)
	2.11(2)
	8.98
	7.79

	P4132
	1
	1
	Y
	1.57(3)
	2.05(3)
	84(6)
	2.41(2)
	81(17)
	2.11(2)
	9.13
	8.76

	Ia‾3
	1
	1
	Y
	1.58(2)
	2.04(1)
	87(6)
	2.41(1)
	82(6)
	2.11(1)
	8.89
	7.79

	I213
	1
	1
	Y
	1.58(4)
	2.05(4)
	86(9)
	2.41(4)
	80(40)
	2.11(4)
	8.77
	7.44

	I41/acd
	>2
	1
	N
	1.58(2)
	2.03(2)
	85(2)
	2.42(2)
	80(9)
	2.11(2)
	8.47
	7.16

	I41/a
	>2
	1
	Y
	1.65(4)
	2.04(4)
	87(11)
	2.41(4)
	102(4)
	2.13(4)
	7.82
	6.52

	R‾3c
	>2
	2
	Y
	1.58(3)
	2.08(2)
	81(8)
	2.40(2)
	90(12)
	2.12(2)
	8.17
	6.80

	R‾3
	>2
	2
	Y
	1.58(8)
	2.08(7)
	79(28)
	2.40(8)
	90(20)
	2.12(8)
	7.69
	6.58

	Ibca
	>2
	1
	Y
	1.59(4)
	2.02(4)
	87(12)
	2.44(4)
	101(7)
	2.12(4)
	8.42
	7.21

	Fddd
	>2
	2
	Y
	1.60(3)
	2.03(3)
	82(8)
	2.42(3)
	100(8)
	2.12(3)
	8.63
	7.39

	Pbca
	>2
	1
	N
	1.58(9)
	2.05(8)
	80(20)
	2.42(8)
	103(9)
	2.12(8)
	9.93
	7.61

	I2/a
	>2
	>2
	N
	1.6(1)
	2.04(8)
	80(40)
	2.40(9)
	104(14)
	2.11(9)
	9.02
	6.99

	I2/b
	>2
	2
	N
	1.6(1)
	2.0(1)
	80(40)
	2.4(1)
	99(11)
	2.1(1)
	9.81
	7.51

	I2/c
	>2
	>2
	Y
	1.62(7)
	2.02(6)
	98(14)
	2.43(6)
	94(7)
	2.12(6)
	6.78
	6.65

	C2/c
	>2
	2
	Y
	1.6(2)
	2.0(1)
	104(20)
	2.4(2)
	102(9)
	2.1(2)
	7.54
	6.48

	I‾1
	>2
	>2
	N
	1.6(2)
	2.0(2)
	80(92)
	2.4(2)
	105(33)
	2.1(2)
	11.2
	9.71


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number 
ΔAl-difference between Al sof’s over the octahedral Y sites is present: Y-yes; N-no
<D-O> = {<Si-O> + <Y-O> + 2 × <X-O>}/4 
Supplementary 7. Distribution of the average cation ratios at X and Y sites of the non-cubic garnets (after Griffen et al., 1992), with the position of the grandite studied in this paper (marked as MP-Meka Presedla). 
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Supplementary 8. Criterions (II) for the space group determination. Distances are given in Å; and Al and Ca sof’s in at. %. 
	criterion
	<Si–O>
	<Y–O>
	Al sof
	<X’–O>
	<X’’–O> 
	<X–O>
	Ca sof
	<D–O>
	RB (%)
	Rf (%)

	expected
	1.644(2)
	1.960(2)
	64
	2.336(2)
	2.494(2)
	2.415(2)
	98
	2.108(2)
	<10.8
	<8.09

	Ia‾3d
	1.628(2)*
	1.968(2)
	64
	2.324(2)
	2.513(2)
	2.418(2)
	98
	2.108(2)
	10.8
	8.09

	R‾3c
	1.637(6)
	1.964(4)
	64(2)
	2.333(4)
	2.499(5)
	2.416(5)
	98
	2.108(5)
	10.1
	8.17

	R‾3
	1.642(6)
	1.964(4)
	64(2)
	2.332(6)
	2.501(6)
	2.417(6)
	98
	2.110(6)
	11.1
	8.50

	Fddd
	1.638(6)
	1.963(4)
	64(10)
	2.332(4)
	2.502(5)
	2.417(5)
	98
	2.109(5)
	11.5
	9.01

	I2/c
	1.641(7)
	1.960(4)
	64(2)
	2.328(6)
	2.500(6)
	2.414(6)
	98
	2.107(6)
	13.8
	10.8

	C2/c
	1.642(7)
	1.961(5)
	64(16)
	2.331(6)
	2.502(7)
	2.416(6)
	98
	2.109(6)
	12.6
	9.89

	I‾1
	1.642(6)
	1.960(4)
	65(55)
	2.333(5)
	2.497(6)
	2.415(6)
	98
	2.108(6)
	16.9
	14.3


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number 
<D-O> = {<Si-O> + <Y-O> + <X'-O> + <X''-O>}/4; average <X’-O> and <X’’-O> distances are adequate to the X(1)-O and X(2)-O in the Ia‾3d space group
Supplementary 9. Atom parameters (in Å) and calculated Ca and Al sof’s (at. %) for the rhombohedral R‾3c space group (without and with constraints).
	Site
	R‾3c
	R‾3ca

	
	Coord.
	sof’s
	Coord.
	sof’s

	18e
	Ca1
	x
	0.625(1)*
	0.50

(2)
	0.6239(6)
	0.49

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	18e
	Ca2
	x
	0.129(1)
	0.4

(1)
	0.1274(6)
	0.49

(0)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	
	Mn2
	x
	0.129(1)
	0.1

(1)
	n. c.
	n. c.

	
	
	y
	0.000
	
	n. c.
	

	
	
	z
	0.250
	
	n. c.
	

	6b
	Al1
	x
	0.000
	0.13

(2)
	0.000
	0.089

(2)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	
	Fe1
	x
	0.000
	0.04

(2)
	0.000
	0.077

(2)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	18d
	Al2
	x
	0.500
	0.42

(2)
	0.500
	0.37

(1)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	
	Fe2
	x
	0.500
	0.08

(2)
	0.500
	0.13

(1)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.000
	
	0.000
	

	36f
	Si1
	x
	0.839(1)
	1.000

(0)
	0.8338(7)
	1.000

(0)

	
	
	y
	0.041(2)
	
	0.0395(7)
	

	
	
	z
	0.417(2)
	
	0.4174(9)
	

	36f
	O1
	x
	0.204(3)
	1.000

(0)
	0.2051(8)
	1.000

(0)

	
	
	y
	0.412(3)
	
	0.4069(7)
	

	
	
	z
	0.495(3)
	
	0.493(1)
	

	36f
	O2
	x
	0.721(3)
	1.000

(0)
	0.7278(6)
	1.000

(0)

	
	
	y
	0.967(3)
	
	0.9642(7)
	

	
	
	z
	0.382(3)
	
	0.379(1)
	

	36f
	O3
	x
	0.818(4)
	1.000

(0)
	0.8230(8)
	1.000

(0)

	
	
	y
	0.052(3)
	
	0.0624(7)
	

	
	
	z
	0.561(3)
	
	0.5678(8)
	

	36f
	O4
	x
	0.896(3)
	1.000

(0)
	0.9087(7)
	1.000

(0)

	
	
	y
	0.893(4)
	
	0.9015(8)
	

	
	
	z
	0.892(3)
	
	0.8906(9)
	

	Ca1
	100(4)
	90

(12)
	98
	98

	Ca2
	80(20)
	
	98
	

	Al1
	78(12)
	81

(8)
	53(1)
	64

(2)

	Al2
	84(4)
	
	74(2)
	


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
n. c.-not calculated

Supplementary 10. Selected distances (in Å) and angles (in °) for the rhombohedral R‾3c space group (without and with constraints).
	distances
	R‾3c
	R‾3ca
	angles
	R‾3c
	R‾3ca

	Si–O(1)
	1$
	1.55(3)*
	1.645(6)
	
	
	
	

	Si–O(2)
	1
	1.77(2)
	1.641(5)
	
	
	
	

	Si–O(3)
	1
	1.56(2)
	1.632(6)
	
	
	
	

	Si–O(4)
	1
	1.43(4)
	1.629(8)
	
	
	
	

	<Si–O>
	1.58(3)
	1.637(6)
	
	
	
	

	O(1)–O(2)
	1
	2.67(3)
	2.700(5)
	O(1)–Si–O(2)
	1
	107(2)
	110.5(4)

	O(1)–O(3)
	1
	2.65(2)
	2.699(5)
	O(1)–Si–O(3)
	1
	117(2)
	110.9(4)

	O(1)–O(4)
	1
	2.39(5)
	2.554(8)
	O(1)–Si–O(4)
	1
	107(3)
	102.5(5)

	O(2)–O(3)
	1
	2.41(3)
	2.544(5)
	O(2)–Si–O(3)
	1
	92(2)
	102.0(4)

	O(2)–O(4)
	1
	2.70(4)
	2.761(7)
	O(2)–Si–O(4)
	1
	114(3)
	115.2(5)

	O(3)–O(4)
	1
	2.56(4)
	2.764(7)
	O(3)–Si–O(4)
	1
	118(3)
	115.9(5)

	<O–O>tet
	2.56(4)
	2.670(6)
	<O–Si–O>
	109(2)
	109.5(4)

	Y(1)–O(4)
	6
	2.10(2)
	1.961(3)
	
	
	
	

	O(4)–O(4)
	6
	3.08(3)
	2.776(6)
	O(4)–Y(1)–O(4)
	6
	94(2)
	90.1(3)

	O(4)–O(4)
	6
	2.85(3)
	2.770(6)
	O(4)–Y(1)–O(4)
	6
	86(2)
	89.9(3)

	<O–O>
	2.96(3)
	2.773(6)
	<O–Y(1)–O>
	90(2)
	90.0(3)

	Y(2)–O(1)
	2
	2.02(2)
	1.969(4)
	
	
	
	

	Y(2)–O(2)
	2
	2.02(3)
	1.968(6)
	
	
	
	

	Y(2)–O(3)
	2
	2.11(2)
	1.963(3)
	
	
	
	

	<Y(2)–O>
	2.05(2)
	1.967(4)
	
	
	
	

	<Y–O>
	2.08(2)
	1.964(4)
	
	
	
	

	O(1)–O(2)
	2
	2.90(4)
	2.833(8)
	O(1)–Y(2)–O(2)
	2
	92(2)
	92.0(4)

	O(1)–O(2)
	2
	2.82(3)
	2.733(7)
	O(1)–Y(2)–O(2)
	2
	88(2)
	88.0(3)

	O(1)–O(3)
	2
	2.86(3)
	2.713(5)
	O(1)–Y(2)–O(3)
	2
	88(1)
	87.3(3)

	O(1)–O(3)
	2
	2.99(3)
	2.846(5)
	O(1)–Y(2)–O(3)
	2
	92(1)
	92.7(3)

	O(2)–O(3)
	2
	3.01(4)
	2.755(7)
	O(2)–Y(2)–O(3)
	2
	93(2)
	89.0(4)

	O(2)–O(3)
	2
	2.84(3)
	2.804(7)
	O(2)–Y(2)–O(3)
	2
	87(2)
	91.0(3)

	<O–O>
	2.90(3)
	2.781(6)
	<O–Y(2)–O>
	90(2)
	90.0(3)

	<O–O>oct
	2.93(3)
	2.777(6)
	<O–Y–O>
	90(2)
	90.0(3)

	X(1)–O(1)
	2
	2.59(2)
	2.503(5)
	
	
	
	

	X(1)–O(2)
	2
	2.40(3)
	2.500(6)
	
	
	
	

	X(1)–O(2)
	2
	2.25(2)
	2.328(4)
	
	
	
	

	X(1)–O(3)
	2
	2.24(2)
	2.332(4)
	
	
	
	

	<X(1)–O>
	2.37(2)
	2.416(5)
	
	
	
	

	O(1)–O(1)
	1
	2.94(3)
	2.843(6)
	O(1)–X(1)–O(1)
	1
	69(1)
	69.2(2)

	O(1)–O(2)
	2
	4.12(4)
	4.169(8)
	O(1)–X(1)–O(2)
	2
	111(2)
	112.8(3)

	O(1)–O(2)
	2
	2.90(3)
	2.833(5)
	O(1)–X(1)–O(2)
	2
	73(1)
	71.7(2)

	O(1)–O(2)
	2
	3.52(3)
	3.474(6)
	O(1)–X(1)–O(2)
	2
	93(1)
	91.9(3)

	O(1)–O(3)
	2
	2.90(5)
	2.996(8)
	O(1)–X(1)–O(3)
	2
	73(1)
	76.5(3)

	O(2)–O(2)
	1
	2.99(2)
	2.856(6)
	O(2)–X(1)–O(2)
	1
	74(1)
	69.7(2)

	O(2)–O(2)
	2
	2.67(5)
	2.936(9)
	O(2)–X(1)–O(2)
	2
	70(2)
	74.8(3)

	O(2)–O(3)
	2
	3.33(4)
	3.432(8)
	O(2)–X(1)–O(3)
	2
	92(2)
	90.4(3)

	O(2)–O(3)
	2
	2.84(3)
	2.804(5)
	O(2)–X(1)–O(3)
	2
	75(1)
	70.8(2)

	O(2)–O(3)
	2
	2.41(3)
	2.544(5)
	O(2)–X(1)–O(3)
	2
	65(1)
	66.2(2)

	<O–O>
	3.07(4)
	3.115(7)
	<O–X(1)–O>
	80(1)
	80.5(3)

	X(2)–O(1)
	2
	2.29(2)
	2.334(4)
	
	
	
	

	X(2)–O(3)
	2
	2.48(2)
	2.495(5)
	
	
	
	

	X(2)–O(4)
	2
	2.45(2)
	2.337(5)
	
	
	
	

	X(2)–O(4)
	2
	2.53(2)
	2.499(5)
	
	
	
	

	<X(2)–O>
	2.44(2)
	2.416(5)
	
	
	
	

	<X–O>
	2.40(2)
	2.416(5)
	
	
	
	

	O(1)–O(1)
	1
	4.09(3)
	4.062(6)
	O(1)–X(2)–O(1)
	1
	127(2)
	121.0(3)

	O(1)–O(3)
	2
	2.93(3)
	2.846(5)
	O(1)–X(2)–O(3)
	2
	78(1)
	72.1(2)

	O(1)–O(3)
	2
	2.90(3)
	2.996(6)
	O(1)–X(2)–O(3)
	2
	75(1)
	76.6(2)

	O(1)–O(4)
	2
	2.39(4)
	2.554(7)
	O(1)–X(2)–O(4)
	2
	61(1)
	66.3(3)

	O(1)–O(4)
	2
	3.29(3)
	3.451(7)
	O(1)–X(2)–O(4)
	2
	86(1)
	91.1(3)

	O(3)–O(3)
	1
	4.18(2)
	4.180(5)
	O(3)–X(2)–O(3)
	1
	113(1)
	113.8(2)

	O(3)–O(4)
	2
	2.83(5)
	2.881(8)
	O(3)–X(2)–O(4)
	2
	69(2)
	70.5(3)

	O(3)–O(4)
	2
	3.47(3)
	3.474(6)
	O(3)–X(2)–O(4)
	2
	90(1)
	91.9(2)

	O(4)–O(4)
	2
	3.08(3)
	2.776(4)
	O(4)–X(2)–O(4)
	2
	76(1)
	70.0(2)

	O(4)–O(4)
	2
	2.94(2)
	2.911(6)
	O(4)–X(2)–O(4)
	2
	72(1)
	73.9(2)

	<O–O>
	3.11(3)
	3.112(6)
	<O–X(2)–O>
	81(1)
	81.1(2)

	<O–O>dod
	3.09(4)
	3.114(6)
	<O–X–O>
	80(1)
	80.8(2)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
$-Frequency of occurrences

Supplementary 11. Atom parameters (in Å) and calculated Ca and Al sof’s (at. %) for the orthorhombic Fddd space group (without and with constraints).
	Site
	Fddd
	Fddda

	
	Coord.
	sof’s
	Coord.
	sof’s

	8a
	Ca1
	x
	0.375
	0.22

(2)*
	0.375
	0.245

(0)

	
	
	y
	0.875
	
	0.875
	

	
	
	z
	0.375
	
	0.375
	

	8b
	Ca2
	x
	0.125
	0.26

(3)
	0.125
	0.245

(0)

	
	
	y
	0.625
	
	0.625
	

	
	
	z
	0.125
	
	0.125
	

	32h
	Ca3
	x
	0.437(1)
	1.09

(3)
	0.4359(4)
	0.980

(0)

	
	
	y
	0.564(2)
	
	0.5624(4)
	

	
	
	z
	0.251(2)
	
	0.2512(6)
	

	16c
	Al1
	x
	0.250
	0.40

(4)
	0.250
	0.31

(5)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	
	Fe1
	x
	0.250
	0.10

(4)
	0.250
	0.19

(5)

	
	
	y
	0.000
	
	0.000
	

	
	
	z
	0.250
	
	0.250
	

	16d
	Al2
	x
	0.250
	0.42

(4)
	0.250
	0.33

(5)

	
	
	y
	0.500
	
	0.500
	

	
	
	z
	0.250
	
	0.250
	

	
	Fe2
	x
	0.250
	0.08

(4)
	0.250
	0.17

(5)

	
	
	y
	0.500
	
	0.500
	

	
	
	z
	0.250
	
	0.250
	

	16g
	Si1
	x
	0.375
	0.500

(0)
	0.375
	0.500

(0)

	
	
	y
	0.875
	
	0.875
	

	
	
	z
	0.116(2)
	
	0.128(1)
	

	32h
	Si2
	x
	0.313(2)
	1.000

(0)
	0.3131(6)
	1.000

(0)

	
	
	y
	0.687(3)
	
	0.6881(6)
	

	
	
	z
	0.251(2)
	
	0.2499(9)
	

	32h
	O1
	x
	0.291(3)
	1.000

(0)
	0.2909(7)
	1.000

(0)

	
	
	y
	0.756(5)
	
	0.7545(6)
	

	
	
	z
	0.335(5)
	
	0.3452(8)
	

	32h
	O2
	x
	0.307(4)
	1.000

(0)
	0.3026(6)
	1.000

(0)

	
	
	y
	0.895(5)
	
	0.8999(6)
	

	
	
	z
	0.218(4)
	
	0.2120(9)
	

	32h
	O3
	x
	0.403(4)
	1.000

(0)
	0.4044(6)
	1.000

(0)

	
	
	y
	0.692(6)
	
	0.6928(7)
	

	
	
	z
	0.205(5)
	
	0.2038(9)
	

	32h
	O4
	x
	0.151(4)
	1.000

(0)
	0.1511(6)
	1.000

(0)

	
	
	y
	0.553(5)
	
	0.5547(6)
	

	
	
	z
	0.294(5)
	
	0.2897(9)
	

	32h
	O5
	x
	0.296(4)
	1.000

(0)
	0.3055(7)
	1.000

(0)

	
	
	y
	0.604(5)
	
	0.5967(6)
	

	
	
	z
	0.299(4)
	
	0.2951(9)
	

	32h
	O6
	x
	0.250(5)
	1.000

(0)
	0.2464(6)
	1.000

(0)

	
	
	y
	0.708(5)
	
	0.7078(7)
	

	
	
	z
	0.165(6)
	
	0.1541(8)
	

	Ca1
	88(8)
	100

(8)
	98
	98

	Ca2
	104(12)
	
	98
	

	Ca3
	109(3)
	
	98
	

	Al1
	80(8)
	82

(8)
	62(10)
	64

(10)

	Al2
	84(8)
	
	66(10)
	


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
Supplementary 12. Selected distances (in Å) and angles (in °) for the orthorhombic Fddd space group (without and with constraints).
	distances
	Fddd
	Fddda
	angles
	Fddd
	Fddda

	Si(1)–O(2)
	2$
	1.71(3)*
	1.635(5)
	
	
	
	

	Si(1)–O(4)
	2
	1.55(3)
	1.644(6)
	
	
	
	

	<Si(1)–O>
	1.63(3)
	1.640(6)
	
	
	
	

	O(2)–O(2)
	1
	2.38(4)
	2.583(5)
	O(2)–Si(1)–O(2)
	1
	89(2)
	104.4(4)

	O(2)–O(4)
	2
	2.68(4)
	2.720(6)
	O(2)–Si(1)–O(4)
	2
	111(3)
	112.1(5)

	O(2)–O(4)
	2
	2.76(4)
	2.750(6)
	O(2)–Si(1)–O(4)
	2
	116(3)
	114.0(5)

	O(4)–O(4)
	1
	2.58(5)
	2.528(5)
	O(4)–Si(1)–O(4)
	1
	113(3)
	100.5(4)

	<O–O>
	2.64(4)
	2.675(6)
	<O–Si(1)–O>
	109(3)
	109.5(5)

	Si(2)–O(1)
	1
	1.57(3)
	1.637(7)
	
	
	
	

	Si(2)–O(3)
	1
	1.61(3)
	1.637(5)
	
	
	
	

	Si(2)–O(5)
	1
	1.54(4)
	1.637(6)
	
	
	
	

	Si(2)–O(6)
	1
	1.52(3)
	1.637(6)
	
	
	
	

	<Si(2)–O>
	1.56(3)
	1.637(6)
	
	
	
	

	<Si–O>
	1.60(3)
	1.638(6)
	
	
	
	

	O(1)–O(3)
	1
	2.66(4)
	2.754(6)
	O(1)–Si(2)–O(3)
	1
	114(3)
	114.5(5)

	O(1)–O(5)
	1
	2.60(5)
	2.736(6)
	O(1)–Si(2)–O(5)
	1
	113(3)
	113.4(5)

	O(1)–O(6)
	1
	2.29(4)
	2.523(6)
	O(1)–Si(2)–O(6)
	1
	95(3)
	100.8(4)

	O(3)–O(5)
	1
	2.59(5)
	2.567(6)
	O(3)–Si(2)–O(5)
	1
	110(3)
	103.3(4)

	O(3)–O(6)
	1
	2.63(5)
	2.743(6)
	O(3)–Si(2)–O(6)
	1
	114(3)
	113.8(5)

	O(5)–O(6)
	1
	2.50(4)
	2.706(6)
	O(5)–Si(2)–O(6)
	1
	109(3)
	111.5(5)

	<O–O>
	2.54(4)
	2.672(6)
	<O–Si(2)–O>
	109(3)
	109.6(5)

	<O–O>tet
	2.59(4)
	2.674(6)
	<O–Si–O>
	109(3)
	109.6(5)

	Y(1)–O(1)
	2
	2.09(2)
	1.971(4)
	
	
	
	

	Y(1)–O(2)
	2
	2.05(3)
	1.959(5)
	
	
	
	

	Y(1)–O(3)
	2
	1.98(4)
	1.958(4)
	
	
	
	

	<Y(1)–O>
	2.04(3)
	1.963(4)
	
	
	
	

	O(1)–O(2)
	2
	2.96(4)
	2.744(7)
	O(1)–Y(1)–O(2)
	2
	92(2)
	88.6(3)

	O(1)–O(2)
	2
	2.89(4)
	2.812(6)
	O(1)–Y(1)–O(2)
	2
	88(2)
	91.4(3)

	O(1)–O(3)
	2
	2.88(4)
	2.787(6)
	O(1)–Y(1)–O(3)
	2
	90(2)
	90.4(3)

	O(1)–O(3)
	2
	2.88(4)
	2.769(6)
	O(1)–Y(1)–O(3)
	2
	90(2)
	89.6(3)

	O(2)–O(3)
	2
	2.83(6)
	2.750(7)
	O(2)–Y(1)–O(3)
	2
	89(3)
	89.2(3)

	O(2)–O(3)
	2
	2.88(4)
	2.790(5)
	O(2)–Y(1)–O(3)
	2
	91(2)
	90.8(3)

	<O–O>
	2.89(4)
	2.775(6)
	<O–Y(1)–O>
	90(2)
	90.0(3)

	Y(2)–O(4)
	2
	1.96(3)
	1.964(5)
	
	
	
	

	Y(2)–O(5)
	2
	2.00(3)
	1.955(4)
	
	
	
	

	Y(2)–O(6)
	2
	2.09(3)
	1.970(4)
	
	
	
	

	<Y(2)–O>
	2.02(3)
	1.963(4)
	
	
	
	

	<Y–O>
	2.03(3)
	1.963(4)
	
	
	
	

	O(4)–O(5)
	2
	2.59(4)
	2.701(7)
	O(4)–Y(2)–O(5)
	2
	81(2)
	87.1(3)

	O(4)–O(5)
	2
	3.00(5)
	2.840(5)
	O(4)–Y(2)–O(5)
	2
	99(2)
	92.9(3)

	O(4)–O(6)
	2
	3.00(4)
	2.822(6)
	O(4)–Y(2)–O(6)
	2
	96(2)
	91.7(3)

	O(4)–O(6)
	2
	2.72(4)
	2.741(7)
	O(4)–Y(2)–O(6)
	2
	84(2)
	88.3(3)

	O(5)–O(6)
	2
	2.87(4)
	2.733(6)
	O(5)–Y(2)–O(6)
	2
	89(2)
	88.3(3)

	O(5)–O(6)
	2
	2.92(4)
	2.816(6)
	O(5)–Y(2)–O(6)
	2
	91(2)
	91.7(3)

	<O–O>
	2.85(4)
	2.776(6)
	<O–Y(2)–O>
	90(2)
	90.0(3)

	<O–O>oct
	2.87(4)
	2.776(6)
	<O–Y–O>
	90(2)
	90.0(3)

	X(1)–O(1)
	4
	2.50(3)
	2.502(5)
	
	
	
	

	X(1)–O(2)
	4
	2.21(2)
	2.332(4)
	
	
	
	

	<X(1)–O>
	2.36(2)
	2.417(4)
	
	
	
	

	O(1)–O(1)
	2
	2.98(4)
	2.926(7)
	O(1)–X(1)–O(1)
	2
	73(1)
	71.5(2)

	O(1)–O(1)
	2
	4.12(5)
	4.122(7)
	O(1)–X(1)–O(1)
	2
	111(2)
	110.9(3)

	O(1)–O(2)
	4
	2.74(4)
	2.726(7)
	O(1)–X(1)–O(2)
	4
	71(2)
	74.4(3)

	O(1)–O(2)
	4
	3.35(4)
	3.477(6)
	O(1)–X(1)–O(2)
	4
	90(2)
	91.9(3)

	O(1)–O(2)
	4
	2.89(4)
	2.812(6)
	O(1)–X(1)–O(2)
	4
	75(2)
	71.0(2)

	O(2)–O(2)
	2
	2.38(4)
	2.583(5)
	O(2)–X(1)–O(2)
	2
	65(2)
	67.3(2)

	<O–O>
	3.05(4)
	3.073(6)
	<O–X(1)–O>
	80(2)
	80.5(3)

	X(2)–O(4)
	4
	2.39(3)
	2.334(4)
	
	
	
	

	X(2)–O(6)
	4
	2.58(3)
	2.503(5)
	
	
	
	

	<X(2)–O>
	2.48(3)
	2.418(4)
	
	
	
	

	O(4)–O(4)
	2
	4.12(3)
	4.022(7)
	O(4)–X(2)–O(4)
	2
	119(2)
	119.0(3)

	O(4)–O(4)
	2
	2.58(5)
	2.528(5)
	O(4)–X(2)–O(4)
	2
	65(2)
	65.6(2)

	O(4)–O(6)
	4
	3.46(4)
	3.442(6)
	O(4)–X(2)–O(6)
	4
	88(2)
	90.7(3)

	O(4)–O(6)
	4
	3.00(4)
	2.822(6)
	O(4)–X(2)–O(6)
	4
	74(1)
	71.3(2)

	O(4)–O(6)
	4
	2.99(4)
	2.975(7)
	O(4)–X(2)–O(6)
	4
	74(2)
	75.8(3)

	O(6)–O(6)
	2
	2.95(5)
	2.875(7)
	O(6)–X(2)–O(6)
	2
	70(2)
	70.1(2)

	<O–O>
	3.17(4)
	3.100(6)
	<O–X(2)–O>
	81(2)
	81.1(3)

	X(3)–O(1)
	1
	2.26(3)
	2.326(6)
	
	
	
	

	X(3)–O(2)
	1
	2.48(3)
	2.499(5)
	
	
	
	

	X(3)–O(3)
	1
	2.31(5)
	2.329(6)
	
	
	
	

	X(3)–O(3)
	1
	2.52(3)
	2.500(6)
	
	
	
	

	X(3)–O(4)
	1
	2.52(3)
	2.507(5)
	
	
	
	

	X(3)–O(5)
	1
	2.54(3)
	2.334(6)
	
	
	
	

	X(3)–O(5)
	1
	2.49(3)
	2.500(6)
	
	
	
	

	X(3)–O(6)
	1
	2.30(3)
	2.329(6)
	
	
	
	

	<X(3)–O>
	2.43(3)
	2.416(6)
	
	
	
	

	<X–O>
	2.42(3)
	2.417(5)
	
	
	
	

	O(1)–O(2)
	1
	2.74(4)
	2.926(7)
	O(1)–X(3)–O(2)
	1
	70(2)
	74.5(3)

	O(1)–O(3)
	1
	2.88(4)
	2.787(6)
	O(1)–X(3)–O(3)
	1
	74(2)
	70.5(3)

	O(1)–O(4)
	1
	3.44(4)
	3.454(7)
	O(1)–X(3)–O(4)
	1
	92(2)
	91.2(3)

	O(1)–O(5)
	1
	4.06(4)
	4.224(6)
	O(1)–X(3)–O(5)
	1
	117(2)
	122.1(3)

	O(1)–O(6)
	1
	2.29(4)
	2.523(6)
	O(1)–X(3)–O(6)
	1
	60(2)
	65.6(2)

	O(2)–O(3)
	1
	2.88(4)
	2.790(5)
	O(2)–X(3)–O(3)
	1
	74(2)
	70.5(2)

	O(2)–O(3)
	1
	4.11(4)
	4.122(6)
	O(2)–X(3)–O(3)
	1
	111(2)
	111.1(3)

	O(2)–O(5)
	1
	2.75(4)
	2.843(6)
	O(2)–X(3)–O(5)
	1
	67(1)
	69.3(2)

	O(2)–O(6)
	1
	3.36(5)
	3.443(7)
	O(2)–X(3)–O(6)
	1
	89(2)
	90.9(3)

	O(3)–O(3)
	1
	2.95(4)
	2.957(5)
	O(3)–X(3)–O(3)
	1
	75(2)
	75.4(3)

	O(3)–O(5)
	1
	2.59(5)
	2.567(6)
	O(3)–X(3)–O(5)
	1
	64(2)
	66.8(3)

	O(3)–O(5)
	1
	3.39(4)
	3.468(7)
	O(3)–X(3)–O(5)
	1
	90(2)
	91.7(3)

	O(3)–O(4)
	1
	2.83(5)
	2.873(6)
	O(3)–X(3)–O(4)
	1
	68(2)
	70.0(2)

	O(3)–O(5)
	1
	3.61(4)
	3.467(7)
	O(3)–X(3)–O(5)
	1
	91(2)
	91.6(3)

	O(4)–O(5)
	1
	3.00(5)
	2.840(5)
	O(4)–X(3)–O(5)
	1
	73(2)
	71.7(2)

	O(4)–O(6)
	1
	2.99(4)
	2.975(7)
	O(4)–X(3)–O(6)
	1
	76(2)
	75.8(3)

	O(5)–O(5)
	1
	3.22(4)
	3.021(7)
	O(5)–X(3)–O(5)
	1
	80(2)
	77.3(3)

	O(5)–O(6)
	1
	2.92(4)
	2.816(6)
	O(5)–X(3)–O(6)
	1
	75(2)
	71.2(3)

	<O–O>
	3.11(4)
	3.116(6)
	<O–X(3)–O>
	80(2)
	81.0(3)

	<O–O>dod
	3.11(4)
	3.096(6)
	<O–X–O>
	80(2)
	80.9(3)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number

a-with constraints
$-Frequency of occurrences

Supplementary 13. Calculated polyhedral volumes, quadratic elongations and angle variances in the tetrahedron and octahedron for the Ia‾3d, R‾3c and Fddd space groups (without and with constraints). Adequate values for grossular (Grs) and andradite (Adr), were also added for comparison.
	
	tetrahedron
	octahedron

	
	No
	polyhedral 

volume
	quadratic 

elongation
	angle 

variance
	No
	polyhedral 

volume
	quadratic 

elongation
	angle 

variance

	Grs
	1
	2.26129
	1.00728
	29.82111
	1
	9.49050
	1.00066
	2.33292

	Adr
	1
	2.25035
	1.00707
	28.92861
	1
	11.04628
	1.00038
	1.35636

	Ia‾3d
	1
	1.94613
	1.01336
	54.89424
	1
	11.40496
	1.00101
	3.52939

	Ia‾3da
	1
	2.18297
	1.00932
	38.19099
	1
	10.14359
	1.00087
	3.04133

	R‾3c
	1
	1.94156
	1.02945
	92.57748
	1
	12.19868
	1.00632
	21.30664

	
	
	
	
	
	2
	11.48921
	1.00292
	7.32937

	R‾3ca
	1
	2.22042
	1.00892
	36.87321
	1
	10.04237
	1.00000
	0.01247

	
	
	
	
	
	2
	10.12718
	1.00131
	4.60396

	Fddd
	1
	2.12636
	1.02952
	105.89293
	1
	11.32776
	1.00118
	1.06561

	
	2
	1.91314
	1.01505
	50.33799
	2
	10.17630
	1.01254
	38.47625

	Fddda
	1
	2.23317
	1.00803
	32.55865
	1
	10.07397
	1.00030
	1.01660

	
	2
	2.22135
	1.00871
	35.50146
	2
	10.06049
	1.00149
	5.16020


a-with constraints
Supplementary 14. Criterions (III) for the space group determination. Distances are given in Å, and angles in °. 
	criterion
	<O–O>tet
	<O–O>oct
	<O–O>dod
	<O–Si–O>1
	<O–Si–O>2
	<O–Si–O>
	<O–Y–O>
	<O–X–O>

	expected
	2.684(2)
	2.772(3)
	3.113(2)
	102.57(8)
	113.03(6)
	109.54(6)
	90.00(6)
	80.54(6)

	R‾3c
	2.670(6)
	2.777(6)
	3.114(6)
	102.2(4)
	113.1(4)
	109.5(4)
	90.0(3)
	80.8(2)

	Fddd
	2.674(6)
	2.776(6)
	3.096(6)
	102.2(4)
	113.2(5)
	109.6(5)
	90.0(3)
	80.9(3)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number
average <O–Si–O>1 and <O–Si–O>2 angles are adequate to the O(1)–Si–O(2) and O(1)–Si–O(3) in the Ia‾3d space group 

Supplementary 15. Criterions (IV) for the space group determination. Distances are given in Å, and Al sof’s in at. %. 
	criterion
	Al1 sof
	<Y(1)–O>
	<O–O>oct1
	<O–O>shar1
	<O–O>unsh1
	Al2 sof
	<Y(2)–O>
	<O–O>oct2
	<O–O>shar2
	<O–O>unsh2

	R‾3c
	78(12)
	2.10(2)
	2.96(3)
	3.08(3)
	2.85(3)
	84(4)
	2.05(2)
	2.90(3)
	2.97(4)
	2.84(3)

	R‾3ca
	53(1)
	1.961(3)
	2.773(6)
	2.776(6)
	2.770(6)
	74(2)
	1.967(4)
	2.781(6)
	2.828(7)
	2.734(6)

	Fddd
	80(8)
	2.04(3)
	2.89(4)
	2.91(4)
	2.87(5)
	84(8)
	2.02(3)
	2.85(4)
	2.97(4)
	2.73(4)

	Fddda
	62(10)
	1.963(4)
	2.775(6)
	2.796(6)
	2.754(7)
	66(10)
	1.963(4)
	2.776(6)
	2.826(6)
	2.725(7)


*-The numbers in parentheses are the estimated standard deviations multiplied with SCOR and refer to the last significant number 

a-with constraints
Supplementary 16. Number (No) of calculated Bragg’s positions (Ycalc) and differences between starting and ending corresponding Ycalc’s (ΔYcalc). All reflections are marked with hkl’s belonging to the Ia‾3d space group (see Figures 3 and 4). Single peaks are marked with “-“, and doublets with “+” signs.
	hkl
	10 4 0 (-)
	10 4 2 (-)
	8 8 0 (+)
	8 8 4 (+)
	12 2 0 (-)
	12 2 2 (+)
	8 8 8 (+)

	Space g.
	No
	ΔYcalc
	No
	ΔYcalc
	No
	ΔYcalc
	No
	ΔYcalc
	No
	ΔYcalc
	No
	ΔYcalc
	No
	ΔYcalc

	R‾3c
	6
	0.058
	4
	0.043
	2
	0.046
	4
	0.071
	2
	0.018
	7
	0.074
	2
	0.116

	Fddd
	10
	0.139
	6
	0.143
	3
	0.179
	6
	0.194
	4
	0.151
	10
	0.197
	2
	0.223


